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Abstract
Background: With the world's largest population, HIV spread in China has been closely watched
and widely studied by its government and the international community. One important factor that
might contribute to the epidemic is China's numerous surplus of men, due to its imbalanced sex
ratio in newborns. However, the sex ratio in the human population is often assumed to be 1:1 in
most studies of sexually transmitted diseases (STDs). Here, a mathematical model is proposed to
estimate the population size in each gender and within different stages of reproduction and sexual
activities. This population profiling by age and gender will assist in more precise prediction of HIV
incidences.

Method: The total population is divided into 6 subgroups by gender and age. A deterministic
compartmental model is developed to describe birth, death, age and the interactions among
different subgroups, with a focus on the preference for newborn boys and its impact for the sex
ratios. Data from 2003 to 2007 is used to estimate model parameters, and simulations predict
short-term and long-term population profiles.

Results: The population of China will go to a descending track around 2030. Despite the possible
underestimated number of newborns in the last couple of years, model-based simulations show
that there will be about 28 million male individuals in 2055 without female partners during their
sexually active stages.

Conclusion: The birth rate in China must be increased to keep the population viable. But
increasing the birth rate without balancing the sex ratio in newborns is problematic, as this will
generate a large number of surplus males. Besides other social, economic and psychological issues,
the impact of this surplus of males on STD incidences, including HIV infections, must be dealt with
as early as possible.

Background
HIV/AIDS spread in China has been an increasingly grow-
ing concern since the first AIDS case was reported in Bei-
jing [1]. When a joint assessment by the Chinese
government, UN and WHO suggested in 2005 [2] that

there were 650,000 individuals living with HIV/AIDS and
75,000 had developed AIDS, some claim that future inci-
dence could rise up to 10-15 million cases by 2010 [3].
With the largest population in the world, China must
maintain and strengthen its efforts to control the epi-
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demic including raising awareness and prevention of the
disease among risk groups: injecting drug users (IDUs),
former plasma donors, men who have sex with men
(MSM), sex workers, etc. Another possible high-risk group
that is rarely studied is the surplus men. According to a
Page 2 of 11
�SDJH�QXPEHU�QRW�IRU�FLWDWLRQ�SXUSRVHV�





%0&�3XEOLF�+HDOWK 2009, 9



%0&�3XEOLF�+HDOWK 2009, 9(Suppl 1):S9 http://www.biomedcentral.com/1471-2458/9/S1/S9
(MVP) (see [38-40]), we will use the modified function

, where  is a small positive number: the spe-
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impact of these surplus males on STD incidence should
therefore be addressed urgently.

There are also other interesting sociological and psycho-
logical issues arising from the shortage of women. Dis-
crimination against women may be undermined [43];
bride trading was reported [44]; polyandry may be nor-

Model estimation v.s. U.N. by population density in each age groupsFigure 3
Model estimation v.s. U.N. by population density in each age groups.
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malized [45]; crimes against women such as rape may rise
[46], although some researchers claim that rape against
women may decline because of the booming sex industry
[47]. More efforts are required to examine each of these
issues.
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