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Feasibility analysis of China’s 
medical insurance coverage 
of assisted reproductive technology
Rong Huang 1,4, Jing‑Yun Yu 2,4, Wei‑Chao He 2,4 & Ri‑Hui Liu 3*

There are millions of patients experiencing infertility in China, but assisted reproductive technology 
(ART) is performed at the patient’s expense and is difficult to afford. With the sharp decline in China’s 
birth rate, there is a growing controversy over the inclusion of ART in medical insurance (MI). This 
study aims to explore the feasibility of ART coverage by MI for the first time. We obtained basic data 
such as the prevalence of infertility, the cost of ART, and the success rate in China with the method of 
meta‑analysis and consulting the government bulletin. Then, we calculated the number of infertile 
couples in China and the total financial expenditure of MI covering ART. Finally, we discussed the 
feasibility of coverage, and analyzed the population growth and economic benefits after coverage. 
According to our research results, it was estimated that there were 4.102–11.792 million infertile 
couples in China, with an annual increase of 1.189–1.867 million. If MI covered ART, the fund 
would pay 72.313–207.878 billion yuan, accounting for 2–6% of the current fund balance, and the 
subsequent annual payment would be 20.961–32.913 billion yuan, accounting for 4–7% of the annual 
fund balance. This was assuming that all infertile couples would undergo ART, and the actual cost 
would be lower. The financial input‒output ratio would be 13.022. Benefiting from the inclusion of 
ART in MI coverage, there would be 3.348–9.624 million new live infants, and 8–13% newborns would 
be born every year thereafter, which means that by 2050, 37–65 million people would be born. Due 
to its affordable cost, high cost‑effectiveness and favourable population growth, it may be feasible to 
include ART in MI.
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In recent years, China seems to have suffered from a population crisis, and the birth rate has dropped sharply. 
At the same time, the trend of late childbearing is becoming increasingly obvious. The average age of first 
childbearing for Chinese women increased from 24.3 years in 2006 to 26.9 years in  20161, and the delivery rate 
of pregnant women over 35 years old in tertiary hospitals increased from 12.54% in 2015 to 17.43% in  20172. 
Advanced female age is an important risk factor for  infertility3, and the continuous decline in male reproductive 
health exacerbates this  risk4. According to the World Health Organization (WHO), infertility is a reproduc-
tive system disease defined as the inability to achieve clinical pregnancy after 12 months or more of regular 
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unprotected sexual  intercourse5. According to research reports, the proportion of infertile couples in China 
has increased from 6.89 to 12.5% over the last 20  years6, and China’s fertility rate is declining and is expected to 
decline from its peak of 1.75 in 2016 to around 1.3 in  20507. As an important treatment for infertility, assisted 
reproductive technology (ART) has developed rapidly in China. In 2016, the number of ART cycles exceeded 
1  million8. However, due to the high cost and lack of inclusion in medical insurance (MI), more than 60% of 
infertile couples cannot afford  it2,9,10.

Currently, over 80% of European and Oceanian countries provide partial or full reimbursement for fertility 
 treatment11. In China, whether ART needs to be included in MI is highly controversial. For the sake of cost, the 
Chinese government has always held a negative attitude towards this. With the implementation of China’s three-
child policy in 2021, the dispute has become increasingly serious. So far, to our knowledge, only Lin  Wang12 has 
published a review on the feasibility of MI incorporating ART. However, this article did not calculate the size 
and total treatment cost of the infertile population. The existing surveys lack a unified definition of infertility, 
resulting in great differences in  prevalence5. The composition of ART costs reported in different documents is 
also different. These make it difficult to calculate the total cost of incorporating ART into MI. Therefore, in this 
article, we discussed for the first time the total financial cost and feasibility of incorporating ART into MI and 
analysed the population increment and economic benefits after its inclusion. We hope to provide some positive 
clues to encourage the government to incorporate ART into MI, and also hope to provide some references for 
policy makers in other countries with the same situation as China.

Material and methods
Research design
We obtained basic data through meta-analysis and government bulletins. Then we use the mathematical model 
to calculate the total cost of incorporating ART into MI and the resulting population growth. Specifically, it is 
divided into the following three steps:

Part 1: We collected literature and conducted a meta-analysis to obtain data on the prevalence of infertility, 
the success rate of ART, and the cost of ART in China. As a supplement, the data of "the Chinese Society of 
Reproductive Medicine (CSRM) data reporting system" built by the Chinese Reproductive Medicine Association 
were also  collected13–15. We drew a decision tree diagram of the success rate and cost per complete cycle. We also 
collected the cost per live birth and MI coverage in other countries.

Part 2: According to the infertility rate results in the first step, we used the total number of women aged 
20–49 years in the seventh census data (The Chinese government conducts a comprehensive census of the coun-
try’s population every ten years and the seventh census was in 2020) to predict the number of infertile couples 
and used the female age-specific fertility rate to predict the number of new infertile couples each year. We drew a 
statistical map of the economic burden of ART and MI coverage in various countries for comparison with China.

Part 3: We calculated the total cost of ART for all infertile couples. According to the payment proportion 
and fund balance of MI, we estimated the financial expenditure required to include ART in MI and evaluated 
the feasibility. We conducted a cost‒benefit analysis incorporating ART into MI and predicted the population 
from 2022 to 2050 with or without MI coverage.

Important definitions

1. ART: ART is divided into invitro fertilization (IVF), intracytoplasmic sperm injection (ICSI), preimplanta-
tion genetic diagnosis (PGD/PGS) and artificial insemination (AI). Compared with the other types, AI has 
the lowest cost and lowest  proportion14,15. Therefore, in this paper, ART did not include AI.

2. Infertility: According to the WHO, infertility is defined as the failure to achieve clinical pregnancy after 
12 months or more of regular unprotected sexual  intercourse16. However, some guidelines define the dura-
tion of unprotected sex as 2  years5. In this paper, we used "one-year infertility" and "two-year infertility" to 
represent these two definitions, respectively.

3. Cycle: Each fresh embryo or frozen embryo transfer is recorded as a "transfer cycle". A "complete cycle" refers 
to the completion of fresh embryo transfer and all subsequent frozen embryo transfers after one ovarian 
stimulation cycle; an "initiated cycle" only involves the first transfer.

4. Live birth: The delivery of twins and above is only recorded as one live birth, and only the first live birth 
cycle is recorded for each person. The live birth rate (LBR) is calculated as follows: LBR = (Number of live 
births)/(Total number of people receiving treatment); Cumulative live birth rate (CLBR) = (Total number 
of live births after one or more treatments)/(The total number of people who have received treatment in 
the same period). "The optimistic estimate of the CLBR" means that patients who still have frozen embryos 
that were not transferred or have not returned to the hospital for a follow-up treatment cycle have the same 
opportunity to obtain live births as patients who continue treatment.

5. ART costs: ART costs refer to the expenses of both spouses, include direct medical costs (infertility evalua-
tions, imaging and laboratory examinations, medication treatments, and ART treatments including sperm 
or ovum procurement), other medical expenses (physical examination costs before the cycle, complication 
treatment, pregnancy and childbirth costs), and indirect costs (food, accommodation, lost wages and trans-
portation costs). The costs in our article only include direct medical costs for both spouses.

6. Couples: "All couples" refer to all couples whose wives are between 20 and 49 years old. "Couples at risk" 
refer to newlyweds or couples planning a pregnancy.
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Literature search
We conducted a literature search on four topics in Chinese and English databases: the "Prevalence of infertility 
in China" (Topic A), "Success rate of ART in China" (Topic B), "Cost of ART per live birth in China" (Topic C), 
and "Cost of ART per live birth in various countries" (Topic D). The search period was from January 2000 to 
January 2022. Limited by the length of the article, we submitted detailed information on the literature search in 
Supplementary material 1, including the search strategies, search terms, quality evaluation, inclusion and exclu-
sion criteria, and extraction contents. There were also many important indicators, such as the birth rate, annual 
MI expenditure, and gross domestic product (GDP), which came from the data published on the government’s 
official website.

Statistical analyses
We used Stata software (version 12.0) to conduct meta-analysis on Topic A, Topic B and Topic C. The I2 statistic 
test was used to test heterogeneity. When I2 was > 50%, a random effect model was adopted; otherwise, a fixed 
effect model was adopted. Begg’s test was used to evaluate publication bias. For Topic D, meta-analysis was not 
possible because some studies did not provide their sample size and standard deviation, and we used the aver-
age instead. Since the direct medical cost has not increased significantly in the past 20 years, we calculated the 
disease economic burden by dividing the cost per live birth by the per capita GDP in 2020. Based on population 
data from China from 1981 to 2021, we used neural network models to predict the population trends from 2022 
to 2050 with and without ART being included in MI, and then estimated the promoting effect of the inclusion 
on the population. The decision tree model was drawn by TreeAge (2011 version) software. ArcGIS software 
(version 10.6) was used to draw a statistical map. The neural network model was analyzed using MATLAB (2014 
version) software. The lifelong economic value (LEV)17, net tax  contribution18, and financial input‒output  ratio18 
were used as evaluation indicators of economic benefits.

Ethics and consent to participate
This study did not require ethical review.

Results
Part 1
For Topic A, among all couples, the 1-year infertility rate was 0.042 (0.038–0.046), and the two-year infertility 
rate was 0.015 (0.013–0.018). Among couples at risk, the one-year infertility rate was 0.153 (0.133–0.172) and 
the two-year infertility rate was 0.089 (0.068–0.110). The composition of infertility factors is 60% for women, 
20% for men, and 20% for both parties or unclear factors. In addition, the visit rate of infertile couples was 41.4% 
(27.5–55.3%), of which the treatment rate of hospitals above the municipal level that may have ART qualifica-
tions was 24.8% (7.6–42.0%).

For Topic B, a meta-analysis was used, and the data from the CSRM system from 2013 to 2018 were 
 collected13–15. Based on these results, we drew a decision tree diagram of the ART success rate (Fig. 1A) and cal-
culated the LBR of three cases in China. In an initiated cycle, there was a 14.7% possibility of obtaining live birth 
by transplanting fresh embryos and a 19.1% possibility of obtaining live birth by transplanting frozen embryos. 
In a complete cycle, there was a cumulative 50.7% possibility of obtaining live birth. After four complete cycles, 
the optimistic estimate of the CLBR was 81.4%.

For Topic C, through meta-analysis, we found that the cost per live birth was 67, 002 yuan, and the cost per 
complete cycle was estimated to be 23, 901 yuan by the decision tree model (Fig. 1B). ART treatments account 
for approximately 50% of the total cost, medical treatments account for 40%, and B-ultrasonic examination 
accounts for 10%. The cost list can be found in Supplementary Material 4.

For Topic D, a total of 38 articles covering 24 countries were collected.
The results of Topics A, B and C are shown in Table 1. Limited by the number of words, the study selection 

flow chart is shown in Supplementary material 2, and the literature information is shown in Supplementary mate-
rial 3. In addition, we retrieved two reviews, including the status of ART covered by MI in various  countries11,19.

Part 2
The results are shown in Table 2. The calculated number of infertile patients remained stable before and after age 
adjustment. It was estimated that there were 4.102 (2-year infertility) ~ 11.792 million (1-year infertility) infertile 
couples in China, with an annual increase of 1.189 (2-year infertility) ~ 1.867 million (1-year infertility). The 
average ART cost per live birth of each country is shown in Fig. 2A, the economic burden is shown in Fig. 2B, 
and the MI coverage is shown in Fig. 2C.

Part 3
We calculated the total cost of ART for all infertile couples using 23, 901 yuan per complete cycle and 67, 002 
yuan per live birth and then took the average of the two as the final estimate. We found that MI needed to spend 
210.519 (2-year infertility) ~ 605.178 billion yuan (1-year infertility) and then spend 61.021 (2-year infertil-
ity) ~ 95.816 billion yuan (one-year infertility) every year. Since the establishment of the National Healthcare 
Security Administration (NHSA) in 2018, the price of new drugs through MI has decreased by more than 50% on 
average, and the average payment proportion of MI funds is 68.7%. According to this standard, if ART is included 
in MI, the fund would pay 72.313 (2-year infertility) ~ 207.878 (1-year infertility) billion yuan, and the subsequent 
annual payment would be 20.961 (2-year infertility) ~ 32.913 (1-year infertility) billion yuan. The cost paid by 
patients themselves would be reduced to nearly one-sixth of the original cost. These results are shown in Table 3.
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If ART is included in MI, 3.348–9.624 million live infants would be born in 2022, and 0.970–1.524 million 
newborns would be born in 2023, accounting for approximately 8–13% of the population born that year, and 
this proportion would be maintained thereafter. The childbearing age of the new population was assumed to be 
the current average childbearing age of 27  years1. We predict that the total population is expected to be 1.450 
(2-year infertility) billion and 1.478 billion (1-year infertility) in 2050. If ART is not covered, the total popula-
tion of mainland China will remain stable, reaching 1.413 billion in 2050. The population prediction results are 
shown in Fig. 3.

Figure 1.  Decision tree of the success rate and complete cycle cost (A—Success rate; B—Complete cycle cost).
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Group Number of studies Sample size Analyzed value

Topic A: Prevalence of infertility in China Infertility rate (95%CI)

 Entire couples (female age 20–49) of one-year infertility 19 8,022,162 0.042 (0.038–0.046)

 Entire couples (female age 20–49) of two-year infertility 6 6,023,427 0.015 (0.013–0.018)

 Risk couples (female age 20–49) of one-year infertility 25 266,662 0.153 (0.133–0.172)

 Risk couples (female age 20–49) of two-year infertility 9 160,256 0.089 (0.068–0.110)

 Entire couples (female age 20–24) of one-year infertility 6 20,383 0.045 (0.021–0.069)

 Entire couples (female age 25–29) of one-year infertility 6 8351 0.047 (0.029–0.064)

 Entire couples (female age 30–34) of one-year infertility 5 5607 0.048 (0.025–0.070)

 Entire couples (female age 35–39) of one-year infertility 4 5184 0.035 (0.018–0.052)

 Entire couples (female age 40–49) of one-year infertility 5 5069 0.032 (0.010–0.054)

 Entire couples (female age 20–24) of two-year infertility 3 22,644 0.025 (0.023–0.027)*

 Entire couples (female age 25–29) of two-year infertility 3 81,304 0.018 (0.013–0.024)

 Entire couples (female age 30–34) of two-year infertility 3 116,933 0.011 (0.010–0.012)*

 Entire couples (female age 35–39) of two-year infertility 3 369,540 0.011 (0.006–0.017)

 Entire couples (female age 40–49) of two-year infertility 3 371,238 0.010 (0.006–0.015)

 Risk couples (female age 20–24) of one-year infertility 11 22,538 0.143 (0.111–0.174)

 Risk couples (female age 25–29) of one-year infertility 8 25,740 0.148 (0.108–0.189)

 Risk couples (female age 30–34) of one-year infertility 10 16,396 0.165 (0.115–0.215)

 Risk couples (female age 35–39) of one-year infertility 9 26,180 0.209 (0.159–0.259)

 Risk couples (female age 40–49) of one-year infertility 10 22,256 0.220 (0.161–0.280)

 Risk couples (female age 20–24) of two-year infertility 3 45,152 0.090 (0.047–0.134)

 Risk couples (female age 25–29) of two-year infertility 3 23,189 0.103 (0.066–0.140)

 Risk couples (female age 30–34) of two-year infertility 2 13,466 0.123 (0.097–0.148)

 Risk couples (female age 35–39) of two-year infertility 2 13,541 0.132 (0.126–0.137)*

 Risk couples (female age 40–49) of two-year infertility 2 7366 0.126(0.098–0.153)

Topic B: Success rate of ART in China Live birth rate (95%CI)

 Livebirth rate of Meta

  First complete cycle 4 75,177 0.517 (0.431–0.604)

  Second complete cycle 4 14,466 0.377 (0.333–0.421)

  Third complete cycle 4 3530 0.236 (0.148–0.324)

  Fourth complete cycle 4 1412 0.189 (0.169–0.210)*

  First transfer cycle of a complete cycle 3 34,918 0.417 (0.395–0.438)

  Second transfer cycle of a complete cycle 3 5053 0.310 (0.165–0.454)

  ≥ Third transfer cycles of a complete cycle 3 1176 0.274 (0.121–0.428)

 Livebirth rate of CSRM

  Transfer cycle – 1,583,021 0.404 (–)

  Fresh embryo transfer – 667,542 0.419 (–)

  Frozen embryo transfer – 915,479 0.393 (–)

  Transfer cycle of 18–34 women – 622,066 0.455 (–)

  Transfer cycle of 35–40 women – 197,196 0.318 (–)

  Transfer cycle of 41–44 women – 39,531 0.119 (–)

  Transfer cycle of 45–49 women – 6916 0.042 (–)

  Multiple birth rate – 638,802 0.254 (–)

Topic C: Cost per live birth of ART in  China^ Cost (95%CI)

 Per live birth 21 21,567 67,002 (62,101–71,903)

 Per initiated cycle 21 21,567 22,120 (20,512–23,729)

 Per frozen-thawed embryo transfer cycle 2 1551 5985 (2383–9586)

 Per live birth of GnRH-a long protocol 16 15,494 61,866 (56,273–67,459)

 Per live birth of GnRH-ant protocol 11 4408 63,468 (50,504–76,433)

 Per live birth of minimal-stimulation protocol 6 593 70,006 (51,732–88,280)

 Per live birth of PPOS protocol 3 292 70,072 (3905–136,239)

 Per live birth of natural cycle protocol 1 374 269,912 (–)

 Per live birth of 20–34 years old 7 12,189 54,165 (46,728–61,601)#

 Per live birth of 35–49 years old 8 4646 89,935 (75,239–104,632)

 Per live birth of 2000–2010 3 360 63,934 (42,348–85,519)#

 Per live birth of 2011–2021 18 21,207 67,376 (62,230–72,521)

Continued
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Discussion
China’s population development trend
In recent years, China has been sliding into a "low fertility trap". From 1990 to 2021, China’s birth rate dropped 
from 21.06 to 7.52‰, and the population growth rate dropped from 14.39 to 0.34‰. At the same time, the 
ageing rate of the population over the age of 65 years rose from 5.6 to 14.2%. Aware of the seriousness of this 
problem, the Chinese government has made several policy adjustments in the past decade to stimulate fertility. 
However, the effect of these policies seems to be limited. In 2021, there were 10.62 million births, with a birth 
rate of 7.52‰, with both being the lowest since 1978. The population crisis has become one of the hottest topics. 
At the National People’s Congress (NPC) and the Chinese People’s Political Consultative Conference (CPPCC) 
in 2022, a total of 9 proposals, the most ever, were aimed at raising the fertility rate.

Infertility rate and number in China
At present, there is no unified opinion on the definition of infertility. In different studies, the denominator of the 
infertility rate is also  inconsistent5. It was difficult for us to accurately estimate the number of infertile couples 

Table 1.  Results of the meta-analysis and CSRM system collection. (1) GnRH—Gonadotropin releasing 
hormone; PPOS—Progestin primed ovarian stimulation. (2) *Fixed effect model, # Begg’s test shows that there 
is publication bias. (3) ^Including the costs of both spouses during the ART procedure.

Group Number of studies Sample size Analyzed value

 Per initiated cycle of GnRH-a long protocol 16 15,494 25,140 (22,967–27,313)

 Per initiated cycle of GnRH-ant protocol 11 4408 21,883 (19,464–24,301)

 Per initiated cycle of minimal-stimulation protocol 6 593 16,178 (12,167–20,190)

 Per initiated cycle of PPOS protocol 3 292 14,496 (7443–21,550)

 Per initiated cycle of natural cycle protocol 1 374 12,254 (–)

 Per initiated cycle of 20–34 years old 7 12,189 22,662 (20,651–24,673)

 Per initiated cycle of 35–49 years old 8 4646 21,004 (19,158–22,851)

 Per initiated cycle of 2000–2010 3 360 19,155 (10,486–27,824)

Per initiated cycle of 2011–2021 18 21,207 22,469 (20,790–24,149)

Table 2.  Estimation of the number of infertile couples in China. a According to the female age group 
population data in the seventh population census. b Inferring from theage-specific fertility rate of women in 
the data of the seventh population census. c Taking the average value before and after adjustment as the final 
estimated value.

Group
Total number
(1000) 1-year infertility rate

1-year 
infertility number
(1000)

2-year
infertility rate

2-year infertility 
number
(1000)

aEntire couples (female age 20–49)

 No adjustment 288,661 0.042 12,124 0.015 4330

 Adjusted for female age

  20–24 35,266 0.045 1,587 0.025 882

  25–29 43,685 0.047 2,053 0.018 786

  30–34 60,273 0.048 2,893 0.011 663

  35–39 48,081 0.035 1,683 0.011 529

  40–49 101,356 0.032 3,243 0.010 1014

  Total 288,661 – 11,459 – 3873

 cAverage – – 11,792 – 4102
bRisk couples (female age 20–49)

 No adjustment 11,864 0.153 1,815 0.089 1056

 Adjusted for female age

  20–24 1,947 0.143 278 0.090 175

  25–29 4,324 0.148 640 0.103 445

  30–34 3,921 0.165 647 0.123 482

  35–39 1,294 0.209 270 0.132 171

  40–49 378 0.220 83 0.126 48

  Total 11,864 – 1,919 – 1321

 cAverage – – 1,867 – 1189
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in China. Therefore, we tried to solve this problem through meta-analysis. The infertility rate of all couples was 
0.015–0.042, and that of couples at risk was 0.089–0.153. A review reported that the one-year infertility rate of 

Figure 2.  ART cost per live birth and the inclusion of ART costs in MI (A—The ART cost per live birth; B—
Ratio of the ART cost per live birth to the GDP per capita; C—The inclusion of ART costs in MI; The statistical 
map was created by the author using ArcGIS software (version 10.6), https:// www. esri. com/ en- us/ arcgis/ produ 
cts/ index).

https://www.esri.com/en-us/arcgis/products/index
https://www.esri.com/en-us/arcgis/products/index
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Table 3.  Financial expenses and cost-effectiveness after the inclusion of ART in MI. (1) ART—Assisted 
reproductive technology, MI—medical insurance, LEV—lifetime economic value. (2) Assuming that all 
infertile couples receive ART, and the losers enter the next initiated cycle (up to 4 times); In this case, the 
cumulative live birth rate is 81.36%, the average number of complete cycle is 2.014, and LBR per complete 
cycle is 0.404. (3) Live infants = Live births * (1 + Multiple birth rate 0.254). (4) LEV per complete cycle = Per 
capita GDP 80, 976 ¥ * Life expectancy 77.3 years * Live infants per complete cycle (0.404 * 1.254); Net tax 
contribution = Total tax amount (Per capita tax 12, 235 ¥ * Life expectancy 77.3 years)—Educational financial 
investment (Per capita education funds 15, 280 ¥ * Per capita education years 10.9 years)—Medical financial 
investment (Per capita medical cost 1, 760 ¥ * Life expectancy 77.3 years)—Pension financial investment (Per 
capita pension cost 20, 496 ¥ * Years of pension 17.3 years)—MI payment on ART; Financial input–output 
ratio = Net tax contribution / MI payment; The data are the values in 2021 and are derived from the official 
government website. (5) Assuming that after ART is included, the total cost will be reduced by 50% and 
the fund will pay 68.7%. (6) Assuming that at present 20% of infertility couples receive ART. (7) The cost-
effectiveness analysis does not consider the impact of changes in per capita GDP, life expectancy, years of 
education and inflation.

Index

Current number of infertile 
couples New infertile couples per year

11.792 million 4.102 million 1.867 million 1.189 million

IVF

Complete cycles (million) 23.747 8.261 3.760 2.394

Live births (million) 9.593 3.337 1.519 0.967

Live infants (million) 12.030 4.185 1.905 1.213

Current cost

According to live birth (billion ¥) 642.780 223.599 101.770 64.812

According to complete cycle (billion ¥) 567.575 197.438 89.863 57.229

Average of the above two (billion ¥) 605.178 210.519 95.816 61.021

Expenses
after inclusion
in MI

Cost after MI negotiation (billion ¥) 302.589 105.259 47.908 30.510

MI payment (billion ¥) 207.878 72.313 32.913 20.961

Personal payment (billion ¥) 94.710 32.946 14.995 9.550

Cost-effectiveness

New live infants due to MI (million) 9.624 3.348 1.524 0.970

LEV per complete cycle (million ¥) 3.174 3.174 3.174 3.174

Net tax contribution (billion ¥) 2707.094 941.698 428.608 272.959

Financial input–output ratio 13.022 13.022 13.022 13.022

Figure 3.  Population forecast from 2022 to 2050 based on the neural network model.
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married and voluntary women aged 20–44 years is approximately 9%  worldwide20, which seemed to be consist-
ent with our conclusion. From the 1970s to the 1980s, the two-year infertility rate of newly married women in 
China was 6.89%21, which was lower than the current rate of 8.9%. We also found that the visit rate of infertile 
couples was approximately 40%, of which approximately 20% underwent ART, which was consistent with previ-
ous literature  reports2,10. Our results indicate that infertility is mainly due to female factors. But men patients are 
easily missed detection. Due to social beliefs and childbearing expectations from the female, in most cases only 
infertility evaluations are conducted on women, without evaluating male  partners22.

Based on the prevalence rate, we speculated that there were 4.102–11.792 million infertile couples in China, 
with an annual increase of 1.189–1.867 million. This was much lower than the 50 million previously reported in 
some  studies10,23,24, which mistakenly multiplied the infertility rate of couples at risk by the number of all cou-
ples, thus seriously overestimating the number of people experiencing infertility. People who have given birth 
and do not want to give birth again, even if they have lost their reproductive function, should not be counted 
in the infertile population. According to the research of the Center for Population and Development Studies 
of Renmin University of China, the lifetime infertility rate of women over the age of 40 years was 0.27–1.00%, 
which was close to our  results24.

ART in China
After the first baby was born as a result of IVF in China in 1988, an increasing number of infertile couples 
has benefited from ART 23. According to the information released by the National Health Commission, there 
are 536 ART institutions in China, of which 411 can carry out IVF and ICSI, and 78 can carry out PGD/PGS. 
There are more than 1 million ART cycles and more than 300,000 newborns every  year8. The average LBR per 
transplantation in China is 40.5%, similar to that of 43% in the United  States25. However, the multiple birth rate 
of ART in China is 25.4%, which is much higher than that of 13.1% in the United  States25 and 0.65% of natural 
pregnancies in  China26.

ART is a long and expensive process. In China, the cost of ART needs to be borne by the patients themselves. 
Economic research on ART has mainly been concentrated in Europe and the United States, accounting for 88% 
of  studies27. Prior to this, there has been no multicentre survey, review or meta-analysis on the cost of ART in 
China. Our results showed that the cost per live birth was 67,002 yuan and that per complete cycle was 23,901 
yuan. Age composition was an important factor affecting the cost. Among the people we included, 27.6% were 
women over the age of 35 years, which was in line with the actual proportion of 30%13–15, indicating that the 
costs were unbiased. Based on the clinical data of the reproductive medicine centre of Peking University People’s 
Hospital in 2008, Dr. Zheng studied the economic burden of infertility diseases in  China10. He estimated that 
the direct medical cost per patient was 62,150 yuan, which was close to our results. Compared with the average 
hospitalization expenses of 30 serious diseases listed in the 2020 China Health Statistics Yearbook (published 
by China Union Medical College Press in 2021), only the cost of coronary artery bypass grafting for myocardial 
infarction (74,942 yuan) was higher than the direct medical cost of infertility. Compared to countries worldwide, 
China’s disease burden is high. And the probability of high-income groups receiving ART treatment is much 
higher than that of low-income  groups28. At present, 44 countries have included all or part of the costs of ART in 
MI, mainly in the Americas and Western Europe. The covered costs include: drugs, ART procedures and hospital 
stays, complication management, and pregnancy  diagnosis29. In the United States, the use rate of in IVF is 277% 
higher in states with complete insurance coverage than in states without  coverage30.

Financial expenses and cost‑effectiveness after the inclusion of ART in MI
To verify the stability of the results, we used the average cost per complete cycle and per live birth to calculate the 
cost of ART for all infertile couples. The results were very close. We took the average of the two as our estimate. 
Finally, we found that the fund would need to pay 72.313–207.878 billion yuan, and the subsequent annual pay-
ment would be 20.961–32.913 billion yuan. The LEV per complete cycle was 3.174 million yuan; the financial 
input‒output ratio was 13.022.

Of course, it is impossible that 100% of infertile couples will choose to undergo ART. At present, this propor-
tion is 38%9, and it may increase with the inclusion of ART in MI. Other treatments include artificial insemina-
tion, clomiphene, surgery, and observation, which together account for 62% of all  treatments9, but only 10–20% 
of all treatment  costs10. This means that when the proportion of ART decreases by 10%, the total cost will decrease 
by 8–9%. At present, ART accounts for approximately 40% of infertile couples, so the actual financial burden 
may be less than half of our previous estimate.

If MI does not cover ART, the total population of mainland China is expected to reach 1.413 billion in 2050, 
which is consistent with Yi Zeng’s forecast of 1.420  billion31. With the inclusion of ART in MI, the total popula-
tion would be expected to be 1.450–1.478 billion in 2050. This means that by 2050, 37–65 million people would 
be born due to the inclusion of ART in MI.

Feasibility of MI including ART 
Whether ART needs to be incorporated into MI is controversial. In March 2021, a deputy of the NPC suggested 
that infertility treatment be included in MI to improve population growth. The NHSA replied that ovulation-
promoting drugs such as bromocriptine, triptorelin and clomiphene have been included in MI, and supported 
the inclusion of ART in commercial MI. However, in fact, these drugs can only be paid by MI in some special 
departments, while patients undergoing ART need to pay for these drugs themselves. Moreover, at present, less 
than 15% of resident families in China buy commercial  MI32, and the vast majority of infertile couples cannot 
benefit from commercial MI. With the implementation of China’s three-child policy, the support for the inclusion 
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of ART in MI is increasing. In 2022, at least five NPC deputies proposed incorporating ART into MI. Starting 
from July 1, 2023, Beijing has included ART in medical insurance.

Incorporating ART into MI is very  important33. First, the right to have children is considered a fundamental 
human  right34, and the government has the responsibility and obligation to provide help for infertile couples. 
Second, the inclusion of ART in MI will indeed help alleviate the decline in the birth rate. Third, infertility will 
increase patients’ depression and  anxiety35 and lead to social problems such as divorce and domestic  violence36. 
Fourth, twins cost four times as much as singletons, while triplets cost ten times as much as  singletons37, and 
the inclusion of ART in MI can effectively reduce the incidence of multiple  births30,38.

The income of China’s MI fund exceeds the expenditure every year. In 2021, the fund income was 2, 871.03 
billion yuan, the expenditure was 2, 401.11 billion yuan, and the accumulated balance was 3, 612.15 billion yuan. 
The cost of incorporating ART into MI accounted for only 2–6% of the current fund balance; the subsequent 
annual expenses accounted for only 4–7% of the annual fund balance. This was assuming that all infertile couples 
would undergo ART, and the actual cost was likely to be lower. At least, from the data point of view, it seemed 
feasible to include ART in MI, and the benefits were obvious. It should be noted that about 30% of the surplus 
of the MI fund is deposited into the insured’s personal account. But according to the above calculation, after 
deducting the surplus from personal accounts, the funds should also be sufficient. Lin Wang also believed that 
it is feasible to access selective reimbursement and subsidies for those in particular need 12.

How to incorporate ART into MI is also a topic worth exploring. Referring to the Affordable Care Act of the 
United  States39, it should have three goals: provide ART healthcare for all patients, control costs of healthcare, and 
improve the quality of healthcare. Expand fund sources, training doctors, professional regulatory agencies, oppos-
ing waste, reasonable payment systems, reward and punishment measures are considered good  experiences39. 
It is also important to adopt low-cost ART treatment  strategies40 and implement strict admission  policies12. In 
addition, ART coverage for MI by government can be launched in the beginning by partial reimbursement of 
ART treatment expenses for special groups such as patients belonging to low- or middle-income classes, and 
elderly patients. Finally, we can also determine the payment ratio based on the number of children; For those 
who have never given birth, the payment ratio is the highest, and as the number of children increases, the pay-
ment ratio gradually decreases.

Conclusion
In this study, we calculated the financial costs and benefits if ART was included in MI and found that its inclu-
sion was feasible. However, this study has some limitations. First, we tried our best to avoid using experiences 
or hypotheses in estimating the cost of ART and obtained data through meta-analysis or government bulletins 
to improve the accuracy of our research results, but there was still missing information. The assumption of some 
costs or situations may have affected the calculation of the disease burden. Second, we calculate the cost through 
the mathematical model rather than through investigation, but the real situation is much more complicated than 
our mathematical model. For example, the data we used for decision tree analysis, including success rate and 
cost, came from meta-analysis, but these values should be an interval rather than an exact point. Thirdly, this 
study did not consider that different income groups have different affordability for ART costs. Finally, there is 
no unified definition for infertility, ART success rate, and cost composition, and the adjustment of MI policy 
will lead to changes in the quantity and cost of ART, all of which increase the difficulty and error of calculation. 
The economic burden of infertility patients in China is high compared to countries worldwide. The Chinese 
government may be able to do more. We hope that our research results can provide some references for the 
decision-making of the Chinese government to help millions of infertile couples who are struggling and in pain.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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