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In order to analyze the two goals under the national strategy of “HealthyChina”, this paper attempts to solve the problemof coverage
rate and guarantee level of health insurance, as well as the rational allocation of full life cycle health insurance resources.This paper
uses pair copula to model the dependence of different disease incidence and proposes an actuarial model for rate making in health
insurance based on the dependence captured by pair copula. These are far more accurate than any other model and more proper
for covering a basket of several different diseases. The data for the paper was drawn from the experience incidence table of major
diseases (malignant tumor, acute myocardial infarction, and stroke sequelae) from the ages 0-65 years in the Chinese life insurance
industry. Extending the hypothesis of independence in actuarial modeling, the authors comprehensively use a hierarchical copula
theory to extract the dependence structure of risk variable in insurance. The classification rate making technology and survival
analysis method in traditional actuarial pricing were also considered. This paper applied the generalized linear model, which is
commonly used in nonlife insurance pricing for empirical study of health insurance rate making. The authors discovered that
the incidence of major diseases and the single premium rate calculated by the generalized linear model under HAC dependence
structure were both significantly different from that calculated by theManchester Unitedmethod without dependency.The authors
also stated that the rate based on the generalized linearmodel underHACdependence structurewas a bit different from thatwithout
dependency but both were generally the same as that of Care Expert in PICC Health. The underestimation or overestimation of
systematic risks and the distortion of the rate system can be eliminated if we combine risk dependence into modeling.

1. Background

It is needed to consider a variety of diseases in health
insurance pricing and their accompanied dependencies that
are mutual excluded. For example, a person suffering from
cerebrovascular diseases is highly likely to suffer from sudden
cardiac death (coronary heart disease), heart failure, and
stroke. Overlooking these relationships and moving further
to carry out pricingwill create bias and distortion of the rating
system. However, once the dependence structure between
the incidence rates is introduced, the analysis becomes
complicated. In consideration, this paper introduces Hier-
archical Archimedean Copula (HAC) for analysis. This is
given by the dependent direction and degree of different
diseases which is dissimilar holding on the characteristics

of the edge distribution (for example, the edge distribution
of the incidence should be the beta distribution, then the
measurement of simple correlation coefficient is out of work).

The goal of “Healthy China” is to fully maintain and
enhance people’s health level and to achieve the coordinated
development of social economy. Inferring from the planning
outline of “Healthy China 2030”, the primary goals are to
ensure that all the citizens get full health protection and to
optimize the allocation of health elements which cover full
life cycle and the supply of health services as well as achieving
a health protection of a full life cycle.

Fundamentally, the first issue is about the coverage and
guarantee level of health insurance. Currently, the health
insurance system is overall suffering from a loss and to reduce
the risk, some exemption clauses such as indemnity limit,
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deductible, and self-paid ratio were adopted. Meanwhile,
many poverty-stricken families faced with major diseases
might not be able to pay for the portion of the self-paid
ratio (if the ratio is higher than 50%) given by these clauses.
Looking at all the complexity of the design of the insurance
product, the authors have identified the key problem of the
guarantee level and payment rate as being inaccurate. This
paper proses a more precise and accurate pricing model.

Another issue under consideration by this paper is the
rational allocation of life cycle health insurance resources.
Social health insurance emphasizes the basic fairness of
premium payments. It usually provides the basic part of the
multilevel health insurance and the limited critical illness
insurance. Yet, these insurance policies cannot reasonably
balance the life cycle health risks and health insurance needs.
Consistent with the design of insurance products, we need to
solve the problem of rating and cost-sharing of different ages
which is associated with the product design. The health risks
differ in different age group, and “rating and cost-sharing”
needs to be considered throughout the whole life cycle.

This study has theoretical significance and practical value
since it attempts to solve the two problems presented.

The core factor in health insurance pricing is morbidity.
Qiu and Chen (2014) [1] introduced the health insurance rate
making model; however, they did not conduct a detailed and
in-depth study on the method of health risk rates making.
Olivieri and Pitacco (2011) [2] described the relationship
between transition intensity and transition probability and
constructed a three-dimensional Markov chain, which in
turn changed the loss of income in insurance. Some scholars
have discussed optimal health insurance from an optimized
point of view; for example, Powell D. (2016) [3] provided the-
oretical guidance for the relationship of family preferences,
cost-sharing, and premiums, and studied optimal health
insurance and the distortionary effects of the tax subsidy.

The incidence rate is one of the core factors in this
study. However, there may be some difficulties in directly
modeling and pricing without considering some of its nec-
essary features. One of them is that it lacks flexibility (it is
difficult to extrapolate or interpolate the incidence table).
Additionally, there has not been consideration for thick tail
risk. Therefore, it is necessary to build a model using the
random mortality model which is comparable to Carter et
al. (1992) [4] to come with a better form. The Lee-Carter
model has a simple form and a high precision which is very
significant to be considered. However, Renshaw et al. (2006)
[5] improved the Lee-Carter model and established the RH
model, which could simultaneously model and analyze the
cohort effect and period effect of a particular age. In addition
to these models, a famous age-period-cohort by (Reither et
al., 2015) [6] is considered useful in arriving at a general
model suitable for solving the problem. Furthermore, some
scholars have extended the idea of a multilevel APC model
(Bell, 2014 [7]) and the CBD model (Cairns, A.J.G., Blake, D.
and Dowd, 2007 [8]), which is a good predictor of mortality
in the elderly population. Cairns, A.J.G., Blake, D., and Dowd
(2007) [9] subsequently made a quantitative comparison of
several currently useful models based on mortality data in
United Kingdom, Wales, and United States. After that, the

three as well as GuyD. Coughlan et al. (2011) [10] proposed an
evaluation method model whereby eight random mortality
models were compared. Donatien Hainaut (2012) [11] used
the variable of death process to change the time-related
variables and constructed a multielement Lee-Carter model
that was employed to analyze the gender of France from 1946
to 2007. Giacometti et al. (2012) [12] discussed the problem
of model comparison in his paper and highlighted some
key important feature which worth considering. In China,
some relevant modeling achievements are Wang and Huang
(2011) [13] who compared several random mortality models
based on the Bayesian information criterion and likelihood
ratio test and He and Liu (2014) [14] presented a model
characterized by introducing the state space model. They
achieve this by combining the fitting stage and the prediction
stage of the CBD model and estimated parameters based
on Kalman filter method. They assumed that the two-factor
state space model is superior to the traditional CBD model.
On the other side, Debón et al. (2010) [15] used historical
data from Sweden, the Czech Republic, and Spain to make
some predictions. But their forecast was limited to only
predicted future changes in several important parameters
estimates and did not analyze the predictive results of APC
model or the residual situation. Jöreskog et al. (2016) [16] in
their newly published book introduced in detail an updated
theoretical development of the generalized linearmodels. Ray
et al. (2017) [17] used kernel conditional density estimation
for modeling the dependence for copula and forecast the
incidence. Cornelia et al. (2010) [18] discussed the HAC
construction and Górecki et al. (2016) [19] discussed the
determination and estimation with an Bayesian approach.
When applied to health, Zimmer et al. (2017) [20], Li et
al. (2017) [21], and Stöber et al. (2015) [22] give some
good application examples. Nikoloulopoulos (2015) [23] and
Sukcharoen (2017) [24] discussed another type of copula, i.e.,
vine copula, while Yang et al. (2018) [25] discussed the PCC
constructing for different dependence structure.

2. Methods

2.1. Hierarchical Dependence Structure. According to Sklar
(1959) theorem, the copula function can be constructed for
any joint distribution function. Any copula function can
be combined with any set of edge distributions to derive a
multivariate distribution function. Here we use the symbols
of Savu and Trede (2010) [19], denote the total level of the
hierarchy with 𝐿, and let 𝐷 be the dimension of HAC. Then
the 𝑙 level has 𝑛𝑙 different copula functions andwill bemarked
as (𝑙, 𝑗), 𝑗 = 1, ⋅ ⋅ ⋅ , 𝑛𝑙. There are 𝑑𝑙 variables in each level,∑𝑙 𝑑𝑙 = 𝐷, and starting from the bottom, it could be grouped
into 𝑛𝑙 subsets, and each subset has a multiple Archimedes
copula.

Starting from the bottom of Figure 1, there is

𝐶1,𝑗 (𝑢1,𝑗) = 𝜙−11,𝑗(∑
𝑢1,𝑗

𝜙1,𝑗 (𝑢1,𝑗)) , 𝑗 = 1, ⋅ ⋅ ⋅ , 𝑛1 (1)

where 𝐶1,𝑗 is the copula function between the variable 1
and variable 𝑗. 𝜙1,𝑗 is the generator of the copula 𝐶1,𝑗 (the
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generator can be different because each copula is different).𝑢1,𝑗 represents the distribution function of the variable
corresponding to that level.∑𝑢1,𝑗 𝜙1,𝑗(𝑢1,𝑗) represents the sum
of the function values of all variables in the subset.

For the second level, there is

𝐶2,𝑗 (𝐶1,𝑗, 𝑢2,𝑗)
= 𝜙−12,𝑗(∑

𝐶1,𝑗

𝜙2,𝑗 (𝐶1,𝑗) + ∑
𝑢2,𝑗

𝜙2,𝑗 (𝑢2,𝑗)) ,
𝑗 = 1, ⋅ ⋅ ⋅ , 𝑛2

(2)

where 𝐶2,𝑗 is the copula function between the variable 2 and
variable 𝑗. 𝜙2,𝑗 is the generator of the copula 𝐶2,𝑗 (as already
mentioned, the generator can be different because each
copula is different), 𝑢2,𝑗 represents the distribution function
of the variable corresponding to that level. ∑𝐶1,𝑗 𝜙2,𝑗(𝐶1,𝑗) +∑𝑢2,𝑗 𝜙2,𝑗(𝑢2,𝑗) represents the sum of the functional values of
all variables in the subset.

In this paper, three diseases were selected to establish a
double HAC model for analysis. These are

𝐶1,1 = 𝜙−11,1 (𝜙1,1 (𝑢1) + 𝜙1,1 (𝑢2))
𝐶2,1 (𝑢1, 𝑢2, 𝑢3) = 𝜙−12,1 (𝜙2,1 (𝐶1,1) + 𝜙2,1 (𝑢3))

= 𝜙−12,1 (𝜙2,1 (𝜙−11,1 (𝜙1,1 (𝑢1) + 𝜙1,1 (𝑢2))) + 𝜙2,1 (𝑢3))
(3)

According to McNeil Theorem 4.4 (2008), the general
condition of which a general hierarchical structure is an
appropriate Archimedean Copula function is that all nodes
occurred are completely monotonous. Only selective copulas
are available in this situation. We could choose Hierarchical
Archimedean Copula functions, including Clayton, Frank, or
Gumbel copulas form.

We often operate on the model reversely in random sim-
ulation. That is, starting from the top of the first generation
to generate random variables distributed evenly between 0
and 1 and then based on Laplace transform to obtain random
variables. This is based on the conditional distribution to
generate random variables that meet a given distribution and
a generator.

Using the method of integration on different diseases
and considering the actuarial models comprehensively, it is
possible to arrive at a joint actuarial model of k diseases.
For example, people who have heart disease may suffer from
sudden cardiac death (coronary heart disease), heart failure,
and stroke in a higher probability, while the relationship with
an infectious disease can be seen as similar to independent.

C2,1

C1,1

Ｏ1 Ｏ2 Ｏ3

Figure 1: Hierarchical Archimedean Copula Structure.

Using copula technique to extract the dependence structure
between diseased species, we have

𝑡𝑝0 = 𝑇𝑃 (𝑡) = ∯
𝐷
𝑃𝐷1 ,𝐷2⋅⋅⋅𝐷𝑘

⋅ 𝑓1,2,⋅⋅⋅𝑘 (𝐷1, 𝐷2 ⋅ ⋅ ⋅ 𝐷𝑘) 𝑑𝐷1 ⋅ 𝑑𝐷2 ⋅ ⋅ ⋅ 𝑑𝐷𝑘
=∯
𝐷
𝑃𝐷1 ,𝐷2 ⋅⋅⋅𝐷𝑘 (𝑡)

⋅ 𝑐𝑜𝑝𝑢𝑙𝑎 (𝐷1, 𝐷2 ⋅ ⋅ ⋅ 𝐷𝑘) 𝑑𝐹1 (𝐷1)
⋅ 𝑑𝐹2 (𝐷2) ⋅ ⋅ ⋅ 𝑑𝐹𝑘 (𝐷𝑘)

(4)

where 𝑡𝑝0 means the probability of incidence for a newborn
child (age equals 0) to suffer disease at age 𝑡. 𝐷1, 𝐷2 ⋅ ⋅ ⋅ 𝐷𝑘
are diseases (rate) factors and 𝑃 represents the incidence rate
that matches the rate factor. The 𝐹(⋅) means the integration
(cumulative distribution function, CDF) of𝑓(⋅) (PDF, proba-
bility density function). 𝑓𝑘 is the joint probability density. 𝐹𝑘
means the integration (cumulative distribution function) of𝑓𝑘.
2.2. Premium Determination

2.2.1. Pricing Formula. The premium formula of long-term
major disease insurance under unit insurance coverage (for
example, ¥10,000) is

P (𝑥, 𝑛) = ∫𝑛
0
𝑡ℎ𝑥 v𝑡𝑑𝑡 = ∫𝑛

0
ℎ (𝑥 + 𝑡) v𝑡𝑑𝑡 (5)

where 𝑥 represents the age at which the insured is insured.
P(𝑥, 𝑛) represents the premium rate to cover 𝑛 years for
a person aged. 𝑡 represents 𝑡 years after the insurance
contract take into effect. v represents the discount factor. ℎ(⋅)
represents the disease intensity (hazard ratio function) of the
insured during the policy term.

The key problem is how to get ℎ(𝑥 + 𝑡). This paper will
try to apply the generalized linear model, which is commonly
used in the nonlife actuarial to the health insurance pricing.
Weobtain 𝑡𝑝0 equation by constructing themodel and get the
single premium through integration. This can avoid making
the difference between the pure premium and the expected
loss too large through several approximate calculations.

The model we build by CBD model about 𝑡 on 𝑡𝑝0 is as
follows:

ln( 𝑡𝑝01 − 𝑡𝑝0) = 𝛽0 + 𝐺𝑒𝑛𝑑𝑒𝑟 ⋅ 𝛽1 + 𝑡𝛽2 + 𝜀 (6)
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Variable 𝐺𝑒𝑛𝑑𝑒𝑟 means the gender factor for the insured.
According to (5), we also need to deduce hazard rate functionℎ(⋅) according to 𝑡𝑝0:

ℎ (𝑡) = 𝑓 (𝑡)1 − 𝐹 (𝑡) = 𝑑𝐹 (𝑡) /𝑑𝑡1 − 𝐹 (𝑡) = 𝑑 𝑡𝑝0 /𝑑𝑡1 − 𝑡𝑝0
= 𝛽2 ⋅ exp {𝛽0 + 𝐺𝑒𝑛𝑑𝑒𝑟 ⋅ 𝛽1 + 𝑡𝛽2}1 + exp {𝛽0 + 𝐺𝑒𝑛𝑑𝑒𝑟 ⋅ 𝛽1 + 𝑡𝛽2} = 𝛽2 ⋅ 𝑡𝑝0

(7)

So

ℎ (𝑥 + 𝑡) ≈ 𝛽2 ⋅ 𝑡+𝑥𝑝0 (8)

Substituting formula (8) and (4) into formula (5), we can
derive the premium.

2.2.2. The Traditional Manchester United Method. The
Manchester United method is simple to calculate, so far,
many health insurance companies use the method to price
an insurance product. Based on the Manchester United
method, we can derive the calculation of the single premium
formula of long-term major disease insurance [2]:

P̃ (𝑥, 𝑛) = ∫𝑛
0

𝑙𝑥+𝑡𝑙𝑥 𝑘𝑥+𝑡V𝑡𝑑𝑡 ≅
𝑛∑
ℎ=1

𝑙𝑥+ℎ−1/2𝑙𝑥 Vℎ−1/2𝛼𝑥+ℎ−1 (9)

where 𝑥 represents the insured age. P̃(𝑥, 𝑛) represents the
premium rate of long-term major disease insurance to cover𝑛 years for a person aged 𝑥. 𝑙𝑥 indicates the population at age𝑥 in the life table. 𝑘𝑥+𝑡 indicates the morbidity at age 𝑥 + 𝑡.
V is the discount factor. 𝛼 represents the incidence of disease
center.

Although theManchesterUnitedmethod is convenient, it
used the approximating method to substitute the integration
with summation, so there must be some errors when we
estimate the premium by way of Manchester United method.
And the statistics constructed according to the Manchester
United method are not sufficient statistics.

3. Results

3.1. Modeling of Morbidity Dependence Structure. The data in
this paper is from the experience incidence table of 25 major
diseases in Chinese life insurance industry at the age of 0-65
for analysis. Recently, many insurance policies cover 36 kinds
of major diseases that meet the national regulations. Some of
the products even covermore than 60 kinds ofmajor diseases.
But in fact, the 36 diseases prescribed by the government are
major diseases with relatively high incidence rates, and the
incidence rates of other major diseases are extremely low,
which can almost be negligible for premium pricing. And
among the 36 major diseases, the malignant tumor, acute
myocardial infarction, and stroke sequelae own the incidence
of absolute dominance, and malignant tumor is the umbrella
name for a wide range of diseases. Therefore, the selection
of the incidence of these three major diseases is the finest
representative for analysis.
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Figure 2: The 3D plot for incidences.
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Figure 3: Density for OR21 and OR23.

The descriptive statistics for fitted incidence after the
Hierarchical Archimedean Copula modeling and estimation
are shown in Table 1.

From Figure 2 we can see the 3D plot for incidences. The
kernel density for OR21 and OR23 is shown in Figure 3 while
the kernel density for OR22 and OR23 is shown in Figure 4.

The probability density for OR21 and OR23 is shown in
Figure 5 while the probability density for OR22 and OR23 is
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Table 1: Descriptive statistics for male incidence of different major diseases.

Variable Label Mean Std Min Max
OR21 Fitted incidence for malignant tumor 0.0279 0.0376 0.0003 0.1511
OR22 Fitted incidence for acute myocardial infarction 0.0048 0.0098 0.0000 0.0486
OR23 Fitted incidence for stroke sequelae 0.0053 0.0094 0.0000 0.0453
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Figure 4: Density for OR22 and OR23.
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Figure 5: Density for OR21 and OR23.
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Figure 6: Density for OR22 and OR23.

Variable 1=OR21Value 2
0.0486
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Figure 7: Density for OR21 and OR23.

Variable 1=OR22Value 2
0.0453

0.0340

0.0227
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Value 1

0.0000 0.0121 0.0243 0.0364 0.0486

Density 313 1253 2193 3133 4072 5012 5952

Figure 8: Density for OR22 and OR23.

shown in Figure 6. According to Figure 5, we can see that the
probability density for the OR21 and OR23 has a very high
uplift at a lower value, which means that the two variables
show a great dependence on the lower value. Moreover, the
entire diagonal part shows an obvious ridge, which showed
dependence somehow. The basic situation in Figure 6 is
similar to Figure 5, except that the ridge is not so obvious for
OR22 and OR23, and the dependence is much smaller except
the lower tail.

The contour plot for OR21 and OR23 is shown in Figure 7
while the contour plot for OR22 and OR23 is shown in
Figure 8. It can be seen that, in a considerable range of values,
OR21 and OR23 have equal levels. The contour map shows
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a lot of knots and overlaps. In Figure 8, the dependence
structures for OR22 and OR23 are similar, but the contours
aremuch smoother and the knot phenomenon ismuch better.

We can get a comprehensive incidence for different
gender at different age.

The Chinese life insurance industry in the year 2010 to
2013 sampled 1 million people surviving up to the age of 105
to produce the experience incidence table for single disease at
the ages from 0 to 65. Figures 9 and 10 show the upper copula
and lower copula fitting.

3.2. Modeling of Generalized LinearModel. Now, we compare
the results of the Manchester United method with the single
premiums of major disease insurance products named Care
Specialist with an insurance period of 20 years in PICC
Health, where the single premiums are from male policy
holders at different insuring age.

0
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Figure 11: Incidence comparison for both gender.

The results of the analysis of the maximum likelihood
estimate are shown in Table 2. We can see that the model
works well through the analysis and we get the following
generalized linear model:

ln( 𝑡𝑝01 − 𝑡𝑝0) = −7.1244 − 0.0685 ⋅ 𝐺𝑒𝑛𝑑𝑒𝑟 + 0.0858 ⋅ 𝑡 (10)

The deviation of the model is 4.6300 and the adjusted
deviation is 132.7671; the Pearson chi is 4.3255 and the P value
is 0.0335; the logarithmic likelihood is 612.6400, the AICC is -
1216.9650, the BIC reaches -1205.7487, and the wholemodel is
very significant. According to the results of type III variance
analysis of LR statistics, the LR statistics of age variables is
595.61 and the P value <.0001; the LR statistics of gender
variables is 4.35 and the P value is 0.0369. Comparingwith the
results of type I variance analysis and the goodness test of the
model, it is assumed that the whole model is very significant.

We obtain this form by solving

𝑡𝑝0
= exp {−7.1244 − 0.0685 ⋅ 𝐺𝑒𝑛𝑑𝑒𝑟 + 0.0858 ⋅ 𝑡}1 + exp {−7.1244 − 0.0685 ⋅ 𝐺𝑒𝑛𝑑𝑒𝑟 + 0.0858 ⋅ 𝑡}

(11)

Figure 11 shows a comparison of the incidence of both gender
and the nondependent incidence of both genders predicted
by the generalized linear model under the HAC dependence
structure. It can be seen that, formales, the incidence ofmajor
diseases predicted by the generalized linear model under the
HAC dependence structure of the newborn (0-2 years old) is
higher than that without dependency; but from the age of 3,
the incidence of major diseases predicted by the generalized
linear model under the HAC dependence structure of males
is lower than that without dependency. For females, the
characteristics are that it peaks at both sides and low in the
middle. In order to show that the difference between the two
is statistically significant; this paper compares the incidences
of major diseases at ages that are integral by gender and that
the P values are all less than 0.01.

According to formula (5), it is easy to calculate the
single pure premium paid at 0-50 years old of major disease
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Table 2: Maximum likelihood estimate.

Parameter The degree
of freedom Estimation Standard

error

Wald 95%
confidence
interval

Wald
chi-square

Pr >
chi-square

Intercept 1 -7.1244 0.0346 -7.1922 -7.0565 42347
Age 1 0.0858 0.0008 0.0842 0.0874 10786
Gender Male 1 -0.0685 0.0326 -0.1323 -0.0047 4.43
Gender Female 0 0.0000 0.0000 0.0000 0.0000
Scale 1 28.6756 3.5094 22.5601 36.4490

insurance with an insurance period of 20 years; the results are
shown in Table 2. Regardless of the dependencies between
diseases, this paper uses the Manchester United method to
calculate the pricing of only three categories of major disease
insurance and compares the pricing with the calculation
results of the generalized linear model under the HAC
dependence structure. Substituting formula (10) into formula
(8) and then formula (5), we can theoretically obtain the
explicit solution. While taking into account the fact that
the formula of the solution is very reliable, this paper uses
the numerical integration to calculate the premiums directly.
According to our calculations, in the group of age 0-2 and
whatever the gender, the single premium rate calculated
by the Manchester United method without dependency is
significantly lower than the rate calculated by the generalized
linear model under HAC dependence structure. The inci-
dence of major diseases is very low for newborns and infants.
Therefore, once the situation occurs, the reason will often be
congenital or hereditary, so it has a characteristic of strong
dependency. Limited to the difficulty of data acquisition, we
cannot extract themicrocrystalline (microarray) information
for cause analysis, but the dependence structure embodied by
the data basically reflects this trend. With the increase of age,
after 50 years, comparing the incidence determined by the
generalized linear model under HAC dependence structure
with the incidence without considering dependence struc-
ture, we observed that the male’s major diseases incidence of
latter is high, while the rate of female is low.

3.3. RateMaking and Salary Share Analysis. Considering that
there are no insurance products that only cover three types
of major diseases in the market, as a contrast, we choose the
single premiums of major disease insurance products named
Care Expert with an insurance period of 20 years in PICC
Health for analysis. Take 50-year-old person as an example;
according to the experience incidence table of major disease
in Chinese life insurance industry (2006-2010), population
of males who suffer from three major diseases accounts for
72.9% of that of 25 major diseases, while the population of
females accounts for 75.1%; when the age comes to 60 years,
population of males who suffer from three major diseases
accounts for 76.3% of that of 25 major diseases, while the
population of females accounts for 76.5%, as is shown in
Figure 12.We calculate the premium and adjust in accordance
with this ratio, making the premium comparison on the same
basis.
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Figure 12: Incidence of 25 diseases.

This paper calculates single pure premium of the inde-
pendent main type of major disease insurance and uses the
commonly used Manchester United method and the nonlife
insurance pricing method based on the generalized linear
model. What is more, the insurance period is 20 years, the
insurance amount is 10000 (that is, as long as the insured
suffers from one of the 25 kinds of diseases mentioned
above during the insurance period, he or she will receive
an indemnity of 10000), and assumed interest rate is 2.5%.
This paper is estimated at an overall cost rate of 20% and an
additional rate of 5%. The result is shown in Table 3.

The comparison of the rate based on the generalized
linearmodel underHACdependence structure and the single
premium of major disease insurance products named Care
Expert in PICC Health by gender is shown in Figure 13;
the comparison of the rate based on the Manchester United
method without considering the dependence structure and
the single premium of major disease insurance products
named Care Expert in PICC Health by gender is shown in
Figure 14.

We can see that there is a certain difference between the
results based on Manchester United method and the single
premium of the Care Expert. To be specific, the premium we
calculate is the single pure premium of the independent main
type of major disease insurance, the insured liability does not
contain the risk of death, and there is no further consideration
of additional premiums. Therefore, the single pure premium
based on Manchester United method is relatively lower than
that of the Care Expert.
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Table 3: The 20-year payment rate table.

Age Male Female
0 4.4466 4.8746
1 4.9486 5.2147
2 5.4206 5.6713
3 5.9123 6.2022
4 6.6847 6.6583
5 7.4954 7.1741
6 8.1856 7.7561
7 8.7609 8.1593
8 9.3008 8.8065
9 9.5803 9.6167
10 9.8928 10.6095
11 10.2808 11.5311
12 10.7391 12.5667
13 11.2804 13.6245
14 12.0878 14.7379
15 13.2119 15.8768
16 14.5824 17.0404
17 16.3400 18.2677
18 18.4221 19.4223
19 20.8096 20.7305
20 23.5276 22.0529
21 26.2721 23.4886
22 29.3548 25.1003
23 32.6189 26.8230
24 35.9430 28.8320
25 39.2126 31.0213
26 42.2645 33.3215
27 45.0219 35.8306
28 47.4293 38.4327
29 49.6161 41.0938
30 51.5560 43.8345
31 53.3132 46.8643
32 55.2493 50.1393
33 57.6480 53.8774
34 60.8336 58.0830
35 64.8031 62.8958
36 69.5367 68.0585
37 74.9776 73.7480
38 81.4499 79.8569
39 88.7428 86.4127
40 96.6820 93.4586
41 104.6395 101.0047
42 112.7835 108.9319
43 121.4145 117.4151
44 130.6169 126.5458
45 140.4890 137.4095
46 151.1845 150.1536
47 162.6015 163.5616
48 174.7599 177.5205
49 187.7563 192.1068
50 201.6729 207.4667
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Figure 13: Rate comparison under HAC.
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Figure 14: Rate comparison under Manchester United.

Although there are many shortcomings in the method
used in this paper, the nonlife insurance pricing method
based on the expected loss ismore comprehensive than that of
the long-term major disease insurance method. Comparing
the single pure premium calculated by the generalized linear
model and that of the Care Expert, we can see that using
the generalized linear model under the HAC dependence
structure or using the Manchester United method produces
the level of the price as that of PICC Health. The error
of parameter setting (for example, the overall rate of fees
increases from 20% to 25%) may cause the premium to be
the same as in the old age range. However, the focus of this
paper is not adjusting the parameters tomake the values equal
in total but to focus on the premium structure of the rating
system. We can find from observing the rating system that
the ratio of the premium under HAC dependence structure
and that of products in PICC of males are 31.74% and females
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are 42.11% at 0 years old. With this age, the ratio is gradually
increasing. At the age of 22,males’ rate exceeds females for the
first time reaching 102.17% and 91.13% for female; at the age of
32, males’ rate falls below 1 for the first time reaching 96.78%
and 95.50% for female. After that, males’ rate steadily declines
and females’ gradually increases. At 37 years old, females’
rate exceeds 1 reaching 100.63%; at 50 years old, males’ rate
is 86.84% and females’ is 117.63%. Thus, without considering
the risk dependence, the risk of males at the age of 22-31 has
been underestimated, the premium is relatively low, and the
risk of other ages has been overestimated and the premium is
relatively high. For females, the risk of the young has been
overestimated, the premium is relatively high, but the risk
between 37 and 50 years old has been underestimated and the
premium is relatively low. On the whole, there are male-to-
female premium subsidy effects and child-to-adult premium
subsidy effects; for females, there are young-to-old premium
subsidy effects, and for males, there are children and old-to-
young premium subsidy effects. This is in general consistent
with the industry’s perception of health insurance.

Regardless of the dependency of diseases can easily
distort the premiums. It is known from the analysis above
that an applicant who has adverse selection will choose to
purchase health insurance after 18 years old if the information
is transparency. Males will purchase between 22 and 31, while
females will purchase after 37 years old. This is obviously
not conducive to premium fairness. There are two reasons
for the distortion of the premium system. One is that the
health insurance is still in the early stages of development,
the main purpose of each insurance company is to improve
market share and does not intend to profit in the health
insurance business; the other is that young group purchase
health insurance for either having a high level of awareness of
health or the welfare of the work unit is not comprehensive.
For the first group of young people, their work units have
already paid for their medical insurance and some even could
withstand the risk of major disease with their own economic
strength; if the insurance company has a higher price, it will
combat the purchase enthusiasm of such quality customers.
For the second group of young people, their income level
and the education level generally cannot be compared with
those of the first group, and they generally do not take much
care of themselves because of theworking environment or the
survival pressure. As themain source of income in the family,
such kind of group shoulders most of the responsibilities
of the family and has a strong enthusiasm to buy health
insurance to pass on risks of major disease. However, they
have a relatively large risk to suffer from diseases.

Base on the life annuity and the discount rate of 2.5%,
we calculate the conversion function and construct the life
annuity coefficient table by age and gender and combine
with the 20-year payment rate table based on the generalized
linearmodel under theHACdependence structure under per
million of insurance amount.

In the year of 2016, the average wage of workers in
Beijing has reached 7086 yuan per month. According to
the ratio recommended by CIRC “Notice”, major disease
insurance premiums should be set to 5 to 10 times the
annual income. Assuming the individual monthly income

is 𝑀 (unit: yuan), then the annual income should be 12𝑀,
and in accordance with the ratio recommended by CIRC
“Notice”, the proposed total amount of protection should
be [60𝑀, 120𝑀] (unit: yuan). Assuming that the 20-year
payment rate of gender 𝑖 and age 𝑡 under per million of
insurance amount is 𝑝𝑖𝑡, then the premium should reach[(60 ⋅ 𝑝𝑖𝑡 ⋅ 𝑀)/10000, (120 ⋅ 𝑝𝑖𝑡 ⋅ 𝑀)/10000] (unit: yuan),
and the proportion of the premium payable to the wage level
should reach [6𝑝𝑖𝑡/1000, 12𝑝𝑖𝑡/1000]. Thus, the ratio of the
minimumguaranteed level of premiums to the wage is shown
in Table 4.

Taking the 30-year-old working population, for example,
males should take 30.93% of their own monthly salary for
major disease insurance, and females should take 26.30%,
so that it could cover the medical expenses that are 5 times
the income level if they suffer from one of the 25 major
diseases at the age between 30 and 50. This ratio is even
higher than its medical insurance premiums. In fact, with
age, this proportion will gradually increase, and at the age
of 50, the proportion of premiums spent on major diseases
is even higher than the total amount of wages. This result
is obviously unreasonable. On the other hand, infants and
young children do not have income, so the provision of a
certain percentage does not make any sense. Therefore, the
correct interpretation of the table is to measure based on the
family. For example, a family of four (the elderly was covered
by their own premiums), where both the husband and the
wife are 30 years old and have equal wages, and they have
a 2-year-old boy and a newborn girl, then the major disease
premium should account for 31.8% of household income.
Overall, the burden on the family is still very heavy. Part of
the coordination areas tries to use 1% of the wage level as a
major disease payment base. According to the above analysis,
its coverage and security level will be seriously inadequate.

Therefore, it is recommended that the government should
control the cost of medical care and appropriately reduce the
level of protection.

4. Discussion

4.1. Main Finding of This Study. If we omit the dependence
structure before setting a premium for a health insurance
that is covering many different disease, there might be some
distortions in the rating for different individuals, different risk
groups, and especially different age period. These distortions
will result inmoral hazard or adverse selection, whichmay be
dangerous to the aim of insurance.

4.2. What Is Already Known on This Topic. Considering the
dependencies betweenmultivariate, there are already relevant
applied research results in China. Du and Gao (2013) [26]
used the HAC model to study the relationship between risk
and infection, and the applied research is distinctive. Luo and
Wu (2016) [27] combined the Co VaR model with the HAC
model tomeasure spillover effects of systemic risk in the stock
market. There are also some studies that have characteristics
at the technical level. For example, He (2010) [28] discussed
the high-dimensional HAC model and its dynamics and
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Table 4:The ratio of the minimum guaranteed level of premiums to
the wage.

Age Male Female
0 2.67% 2.92%
1 2.97% 3.13%
2 3.25% 3.40%
3 3.55% 3.72%
4 4.01% 3.99%
5 4.50% 4.30%
6 4.91% 4.65%
7 5.26% 4.90%
8 5.58% 5.28%
9 5.75% 5.77%
10 5.94% 6.37%
11 6.17% 6.92%
12 6.44% 7.54%
13 6.77% 8.17%
14 7.25% 8.84%
15 7.93% 9.53%
16 8.75% 10.22%
17 9.80% 10.96%
18 11.05% 11.65%
19 12.49% 12.44%
20 14.12% 13.23%
21 15.76% 14.09%
22 17.61% 15.06%
23 19.57% 16.09%
24 21.57% 17.30%
25 23.53% 18.61%
26 25.36% 19.99%
27 27.01% 21.50%
28 28.46% 23.06%
29 29.77% 24.66%
30 30.93% 26.30%
31 31.99% 28.12%
32 33.15% 30.08%
33 34.59% 32.33%
34 36.50% 34.85%
35 38.88% 37.74%
36 41.72% 40.84%
37 44.99% 44.25%
38 48.87% 47.91%
39 53.25% 51.85%
40 58.01% 56.08%
41 62.78% 60.60%
42 67.67% 65.36%
43 72.85% 70.45%
44 78.37% 75.93%

introduced the covariate into the hidden Markov model. He
also used the EM algorithm on parameter estimation. Zhang
andHu (2014) [29] used the ARMA-GARCHprocess to elim-
inate the autocorrelation and conditional heteroscedasticity
of the sequence and used the two-stage maximum likelihood
method to estimate the HAC function. Examples of empirical
analysis can see Xie et al. (2015) [30].

4.3. What This Study Adds. (1) The main idea of traditional
health insurance pricing is as follows: premiums at insurance
level are equal to the sum of premiums at a responsible level.
In fact, the premiums at all levels of responsibility are priced
separately to address heterogeneity. Such a split pricing will
result in an underestimation or overestimation of systematic
risks; also it will distort the rating system, make the pricing
of high-risk individuals too high or too low, and lead to
an excessive rewards and punishments effect. This paper
makes prices in a system so that it can improve the rate of
compensation and comprehensive rate of fees and ensure a
better health.

(2) Extending the hypothesis of independence in the
actuarial studies, considering the dependence structure of
risk variables, measuring risks accurately, and providing
a reference for the analysis of the competitive risk and
multirisk. This paper takes full account of the dependence
structure between disease types to make the price. For
example, acute myocardial infarction and stroke sequelae
show a very significant dependency, but the relationship with
the malignant tumor is much weaker; if we just put them
together to extract the dependency, there will be a serious
distortion in the rating system.

(3) In terms of the design and pricing of insurance
products, this paper takes into account the classification
of rate making technology and survival analysis ideas in
the traditional actuarial pricing models. What is more, the
generalized linear model that is commonly used in nonlife
insurance pricing is applied to the empirical study to discuss
a new method of determining health insurance rates.

(4) Through the comparative analysis of different calcu-
lation, the result of this paper analyzes the characteristics of
model pricing and gives some suggestions on the pricing of
health insurance products.

(5) The analysis and modeling adopted in this paper help
to calculate the price of any insurance age without the rate
table and any interpolations for noninteger age insurance
premiums. This effectively solves the problem of volume
purchase of health insurance before birthdays.

(6) In order to link the proposed level of protection, this
paper analyzes in detail the proportion of premiums required
to meet the preset level of protection to the income and
provides a reference for the study of guarantee level.

4.4. Limitations of This Study. This paper only considers the
incidence of major diseases in pricing process, and the data
used are the insurance industry experience data, which will
be different from the natural incidence in China. The lack
of data and the limit of authors’ ability may make the rates
proposed in this paper to have a certain insignificant devia-
tion. Besides, this paper proposes to develop a classification
rate determination system based on different situations of
the insured. It is necessary to model the variables such as
age, insurance period, genetic history, living area, and so
on; to explore the experience rate combined with history;
even to integrate classification and experience rate system
to develop a comprehensive rate system to further reduce
premium distortions and excessive rewards and punishments
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effect (Xie Yuantao and Li Zhengxiao, 2015 [24]). Because of
the lack of data, this paper does not take these variables into
account in the empirical study. And the estimation of the
transition probability is not sufficient, which is the possible
direction of further study.

5. Conclusions and Outlooks

5.1. Conclusions. Health insurance consumption is accompa-
nied by two contradictions of uncertainty. The first pair of
contradictions is to protect the future loss, which may not
occur with a certain income. According to the loss aversion
effect of prospect theory, it is not equal in the effectiveness
of the sensitivity, so even if the health insurance makes a
loss, there is still an illusion that the premiums are expensive.
The second pair of contradictions is that when the serious
illness occurs, the insured person is facing a disgusting effect
on health loss, especially in the face of uncertain treatment
results, whichwill lead to overtreatment problems. According
to the previous analysis, the existing wage level is unlikely
to meet the protection needs of major diseases, so the
government needs to reduce the level of protection, reduce
medical costs, and control the problem of overtreatment.

The problems in the development of health insurance
are mainly as follows: the rate is unscientific, the role
of positioning is not clear, health insurance products are
seriously homogenized, the business model has defects, and
professionals are scarce.This paper analyzes focusing on these
perspectives.

Premiums of domestic health insurance market grew
rapidly, but health insurance businesses generally suffer
losses. Low prices and high costs may be just one aspect, the
rate structure is more important. For example, the inequality
of rate distributed in gender, age, and diseases, on the one
hand, will affect the overall cost and overall rate of insurance
operations and on the other hand will lead to an adverse
selection. This paper believes that the rate factors considered
by the domestic rate determination system are too less, the
independence test of rate factors is not enough, the loss
estimation is not sufficient, the rating system is easy to distort,
and it is likely to make excessive reward and punishment
effect and the premium subsidy effect. A typical example is
thatmen pay for women and young people pay for the elderly.

The life insurance company mainly operates Chinese
health insurance business, and the health insurance products
launched by these companies are mostly tied with partici-
pating investment type of insurance or deposit making the
life insurance policies relatively lacking a protective function.
The investment or savings functions of a health insurance are
not better than that of the bank or fund companies. Hence,
the capital income is relatively low for high-income groups,
and the cost is relatively high for middle-low income groups
who really need health protection. Consequently, the health
insurance cannot play a role to improve the health level of the
whole citizens in the health care system.

The Chinese type of health insurance products are
single and most insurance companies offer major dis-
ease insurances with a fixed payment, while almost no
companies provide nonfixedmedical expenses compensation

insurances. Although it is the global development trend, the
insurer still has to think about other institutional arrange-
ments. To some extent, fixed payment makes the amount of
compensation much higher than the medical expenses, so
that it is easy to mobilize the enthusiasm of the insured. And
once the reverse selection occurs, it will undoubtedly lead
to a large waste of insurance funds and cannot effectively
solve the poverty problem caused by diseases. So, at this
stage, we should develop some products, and position health
insurance needs in basic medical expenses compensation
so that the system could resolve the risk of serious illness
through the purchase of suitable health insurance products;
then the health insurance could play a role in the Chinese
health care system.

Generally, if any country sets a strategy for health
insurance’s development, there is no unified point of view
about whether using commercial insurance model or social
security model is best appropriate. Usually, it dependents
on the decision of the government to decide which model
to use. The academic and the industry fields have being
exploring on how to stimulate the development of health
insurance industries such as the introduction of tax-deferred
products and preferential tax products and its benefits to
the people but it is not compatible with the Chinese tax
system. China’s Income Tax classification system implements
the model of withholding and self-tax declaration, collection,
and management, while the United States implements a
unified excess progressive tax rate in personal income tax
and takes a comprehensive tax levying on net income and
uses a collection and management pattern of the source
withholding, self-prepaid, and comprehensive declaration of
the annual collection based on the family unit. Therefore,
preferential tax products are very difficult to implement
in China and are only effective for a small number of
new products after reporting. Insurance products must be
innovative, covering different levels of family needs, given the
system an edge, to develop vigorously.

Insurance innovation still has room for improvement.
Companies that carry out health insurance business should
develop many types of policies to meet the needs of the
community. The insurance companies should have a long-
term strategic vision in the course of business and at the
same time play a role to protect people’s livelihood and
maintain social stability. Essentially, the company should not
decide the product structure of the business based on short-
term profit situation but to analyze the market demands
and provide policies that meet the needs of the market by
accumulating market experience. And only in this way, could
profits be sustained. In terms of company operations, the asset
share model should be introduced and discussions on health
insurance business should be carried out in longer term.

5.2. Outlooks. We set up a “new triangle quadrilateral”
paradigm of “integrated health insurance and health main-
tenance” management and decision-making driven by large
data in the founding assembly of Health Insurance Profes-
sional Committee of Chinese Preventive Medicine Associa-
tion. The idea of traditional insurance is that individuals pay
a certain premium, if the disease occurs and then takes part
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of the fund for medical expenses or pay a fixed amount. This
insurance model is passive and inefficient to achieve fund
balance through actuarial modeling. Should China introduce
the new insurance model of health management, will help
optimize health management and achieve early effective
intervention on health risk, that is, taking out part of the
money from the fund for routine examination to achieve early
detection, treatment, and intervention. By this way, the real
incidence and payment can be greatly reduced, the insured
will be healthy, the hospital will avoid waste of medical
resources, the guarantor will reduce the cost, and the fund
manager will realize a full optimization in the whole system.
It ismuch good than harm for all parties to change the passive
insurance model to an active health insurance model. The
traditional insurance analysis focuses on the asset and liability
management from the cash flow, duration, convex, and
other aspects that the claims are passive. After introducing
health management, the health intervention will be that the
claims are significantly reduced, thereby improving the rate of
compensation and comprehensive rate of fees to protect the
health of people.

The health insurance rate is determined by the incidence
rate and that is similar to the life table for life insurance
pricing which are both very important. The government has
gradually defined the development direction that professional
health insurance companies need to operate the health insur-
ance business at the regulatory level.This is conducive for the
accumulation and sharing of the industrial data and improv-
ing the professional level of the health insurance industry.
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