














Evaluation and estimation of the IMR 417 

The Adjustment of 14q1 

There are two questions that must be answered 
about the provincial 14q1 adjustment. First, which 
province needs to be adjusted? Second, what 
methods can be used to adjust? We answer these 
two questions in this subsection. 

The mortality rate usually reflects social and 
economic development as well as the health services. 
When an area is socioeconomically developed, 
people's incomes are higher and the mortality level 
is lower. In contrast, public finance government 
expenditures on medical health rarely affects health 
and mortality risk, even with high investments. Thus, 
whether or not 14q1 is adjusted is based on the 
assumption that the 14q1 value is negatively 
interrelated to per capita GDP and total health 
expenditures. Table 8 lists the types of per capita 
GDP, total health expenditures (THE) and the 14q1 
values for 31 provinces in China in 2010, where the 
14q1 is ranked from low to high and the other two 
indices are ranked from high to low. There should be 
few differences between each 14q1 ranking and the 
other two rankings. In this study, 14q1 will not be 
adjusted if its ranking falls between the rankings of 
per capita GDP and THE. We are cautious to adjust 
based on this assumption (1). The data that are 
reported for 14q1 are also available for the difference 
between two rankings in the corresponding range; 
thus, we will not adjust the 14q1s if the rankings 
satisfy the following condition: 

min[rank (PGDP), rank (THE)]-2≤rank (14q1) ≤max 
[rank (PGDP), rank (THE)]+2                  (2) 

The results for adjustments by sex are presented 
in Table 9. There are 9 provinces that need to be 
adjusted: Shanxi, Jilin, Heilongjiang, Jiangsu, Zhejiang, 
Hubei, Guangdong, Hainan, and Gansu for males. For 
females, Gansu and Hainan do not need adjustments 
because the 1q0 does not need to be estimated. 
These results answer the first question. 

The second question is how to adjust the 
mortality rates. The Clark model life table[17], which 
is the latest life table system, will be used to adjust 
the 14q1 values based on the previous assumption (2). 
The Clark system outperforms existing model life 
table systems in estimating errors[17]. Its calculation 
procedure can be implemented with the ‘LifeTables’ 
package in R, which implements a HMD-calibrated 
model in the R statistical software package[18]. We do 
not use the Coale-Demeny [10] or UN model life tables 
for developing countries[19], which were the most 
widely used model life table systems for the past 

three decades because the Clark system can reflect 
contemporary mortality experiences, including 
extremely low mortality 1q0 levels. The Coale- 
Demeny and UN model life table systems, which 
were constructed using early data, do not contain 
the lower mortality levels’ model life tables or cover 
the entire range of epidemiological situations and 
trajectories between 1q0 and 14q1

[20]. 
There are five mortality patterns in the Clark 

system and each pattern contains some model life 
tables with different mortality levels. The detailed 
adjustment method for each province is as follows, 
with the Jilin province as an example. For each Clark 
system pattern, we find a model life table for the 
Jilin province life table, such that it has the minimum 
modeled and reported ARE values for the mortality 
rate among those aged 15-60. So there are 5 
different pattern’s model life tables we found for 
Jilin, but we do not have an accurate child mortality 
rate to discriminate the Jilin pattern[17]. The 14q1, 
which is closest to the reported value, is selected 
from these 5 different model life table patterns as 
the adjusted value for the Jilin province. The results 
are presented in Table 9 and include the reported 
and adjusted values as needed. 

Estimated 1q0 Results 

A log-quadratic model is applied to fit the HMD 
data, excluding Taiwan China, and estimates the 31 
provincial infant mortality rates by sex in China’s 
sixth national census. To acquire good estimations 
for each province, the method is similar to the 
previous level 2 that was used in Tables 6 and 7. For 
each province, those life tables whose 1q0 was less 
than the reported 1q0+0.015 and more than its 
1q0-0.005 are selected from the HMD as training data 
to fit the model and estimate the 1q0 according to 
the adjusted value of 14q1. This asymmetric choice of 
training data is due to the underestimated reporting 
levels of 1q0. 

The results are presented in Table 10. There are 
significant increases for each provincial estimated 1q0 
value compared to the reported value, especially for 
the Henan province, where the estimated value 
increases to almost 7 times for males and 5 times for 
females. The estimated 1q0 minimum is 5.0‰ for 
males and 3.2‰ for females in Beijing. The 
maximum is 27.1‰ for males and 29.4‰ for females 
in Tibet. The estimated average 1q0 value for the 31 
provinces is 12.3‰ for males and 10.7‰ for females, 
which is more than 2 times larger than the reported 
average values for both sexes and is slightly below 
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To estimate each province’s actual infant 
mortality rates in China’s 2010 sixth census, we 
make simple adjustments to the 14q1. By comparing 
31 provincial rankings on three indices: 14q1, per 
capita GDP and total health expenditures, we 
determine which provinces need adjustments. 
Moreover, we use the Clark model life table system 
to adjust 14q1. Finally, the actual infant mortality 
levels for each province were estimated using the 
log-quadratic model and adjusted 14q1. The results 
show that the actual infant mortality level for each 
province is significantly increased compared to the 
reported levels. We found that the average 1q0 for 
31 provinces is 12.3‰ for males and 10.7‰ for 
females. 

However, the actual level estimates are based 
on the assumptions that the Chinese sixth census 
data for individuals aged 1-60 is relatively accurate 
and reliable. In contrast, we use the HMD data to 
train the log-quadratic model and estimate the 
infant mortality rate in China’s census. The HMD 
dataset mainly reflects OECD historical and 
contemporary experiences, even though the AREs 
perform well when applied to the fifth census. There 
is a need for a systematic evaluation and the 
application of other methods for the 1q0 in China’s 
sixth census.  

Note. The fifth and sixth national censuses in 
China mentioned above exclude the data of Hong 
Kong SAR, Macao SAR, and Taiwan. 
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