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Abstract

Background
Although there has been increased utilization of assisted reproductive technologies (ART) in the world,
there is no conclusive de�nition of the relationship between the success rate of ART and national wealth.

Methods
In this study, using the data from the International Committee for Monitoring Assisted Reproductive
Technologies (ICMART), we sought to determine whether there is a correlation between the success rate
of ART (represented by pregnancy/delivery rates) and national wealth (represented by gross domestic
product per capita (GDP)). Moreover, to further understand the effect of GDP on ART effectiveness, we
analyzed the association between ART success rate and GDP in 50 US states.

Results
Our data showed that the number of ART treatment cycles increased with an increase in GDP. However,
we found a negative correlation between ART success rate and GDP in ICMART countries, but no
correlation was seen in the US states. Using rough estimation, we derived that the success rate of ART
was not related to GDP in the ICMART countries with GDP per capita more than thirteen thousand dollars.

Conclusions
In this study, for the �rst time, we show that when the GDP of an economic body reaches (or exceeds)
thirteen thousand dollars, its ART pregnancy and delivery rates cannot be associated with GDP, and the
ART success rate remains stable.

Plain English Summary
Despite the increased utilization of ART in the world, there is no conclusive de�nition of the relationship
between the success rate of ART and national wealth. Our study utilized the data from ICMART and
sought to determine whether there is a correlation between the success rate of ART and national wealth.
To further understand the effect of GDP on ART effectiveness, we also analyzed the association between
ART success rate and GDP in 50 US states.

We found there was a negative correlation between ART success rate and GDP in ICMART countries, but
no correlation in the 50 US states. Using rough estimation, we revealed that ART success rate was not
related to GDP in ICMART countries whose GDP was more than thirteen thousand dollars. Our study, for
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the �rst time, reveals that the success rate of ART could attain a stable level when the national or regional
wealth reaches a certain level (GDP per capita of thirteen thousand dollars).

Background
Since the world’s �rst “test-tube” baby was born in 1978, assisted reproductive technologies (ART) have
been rapidly developed and widely used all over the world. The commonly used ART includes in vitro
fertilization (IVF), intracytoplasmic sperm injection (ICSI), and frozen embryo transfer (FET). It has been
reported that over eight million babies have been born via ART [1]. Today, in some countries, ART-
conceived infants account for between 1.8–5% of all infants [2, 3]. However, despite the advances in ART,
its success rate per treatment cycle remains low. Based on the ART data of 69 countries, the ICMART has
reported that the delivery rate via IVF/ICSI (combined) and FET is 19.8% and 22.1%, respectively [4]. In the
United States, o�cial data shows that the live-birth rate per cycle via IVF/ICSI (combined) and FET for
non-donor women under 35-years is 31.0% and 49.4%, respectively; and the rate gets lower for older
women [2].

Multiple factors are considered to be related to the low percentages of live births, including ages of
parents, infertility related factors, and ART manipulation itself [5]. The quality and policies of a healthcare
system may also in�uence the ART success rate. For example, a superior healthcare system that is
funded properly could mean better ART services. Commonly, developed countries/regions provide
superior healthcare systems and funds to support ART treatments to infertile couples. Hence, ART
treatments in these countries/regions are relatively affordable, especially to sub-fertile couples, and may
achieve a high success rate. Surprisingly, a study performed by Lass et al. [6] rebuts this postulation.
Although the study found a robust positive correlation between the number of IVF cycles performed and
GDP, it also showed that both the pregnancy and delivery rates via IVF are inversely correlated with GDP.
The researchers assumed that the unexpected �ndings were associated with inadequate comprehensive
data collection (such as age distribution, causes of infertility, and quality control level of embryo handling
— due to objective limitations). Based on their limited data, however, it appears that developed countries
do not have a high IVF success rate.

Despite the gradual increase in the usage of other regular ART treatments (such as ICSI and FET) [3],
there has been no conclusive answer to the relationship between the success rate of ICSI/FET cycles and
national wealth. Therefore, using data from ICMART, we investigated whether there is a correlation
between pregnancy/delivery rate in ICSI/FET cycles and national wealth represented by GDP. Moreover, to
increase the understanding of the effect of national wealth on the effectiveness of ART, we analyzed the
relationship between ART success rate and GDP in 50 states of the US.

Methods
All original data analyzed were collected from published papers and materials. We used the latest
ICMART ART data (including treatment cycles, pregnancy, and delivery rates) [4] and the 2012 GDP per
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capita of each country (https://www.kylc.com/stats/global/yearly/g_gdp_per_capita/2012.html). Given
the potential in�uence of confounding factors, such as demographic and cultural characteristics, we
increased our scope to analyze ART data from 50 US states. To maintain consistency with the 2012
ICMART data, we collected the 2012 ART data of individual states released by the US health department
in 2015 [7], and the 2012 GDP per capita of each state [8]. The original data are populated in the
Supplementary tables.

Statistical Analyses

Data analyses were performed using IBM SPSS Statistics 23.0 (IBM software, NY, USA). Graphics
drawing was performed using Prism 8 (GraphPad Software, CA, USA). Normal variables are shown as
average with standard deviation, and non-normal variables are shown as median with percentile values.
We used Spearman correlation analysis to investigate the relationship between GDP (unit: 10 thousand
dollars) and ART cycles, and employed the Pearson correlation coe�cient (CC) to investigate the
relationship between GDP and ART success rate after logarithmic processing of GDP (shown as
LogGDP). A p-value < 0.05 (two-tailed) was considered signi�cant.

Results
1. The number of ART treatment cycles increased with an increase in GDP based on 2012 ICMART data

Considering the different ARTs corresponding to different applicable conditions, we analyzed the
correlation between the GDP and the number of cycles of IVF, ICSI, and FET, respectively. Based on
ICMART data, we calculated the median of GDP to be 1.53 (0.74–4.36), and the median of the number of
cycles of IVF, ICSI, and FET cycles to be 920.0 (277.3-3356.5), 2529.0 (631.5-8988.3), and 713.5 (118.8–
5117.0), respectively. As shown in Fig. 1, there was a signi�cant positive correlation between GDP and the
number of ART cycles for all its various forms, including IVF (Fig. 1a, CC = 0.695, p < 0.001), ICSI (Fig. 1b,
CC = 0.644, p < 0.001), and FET cycles (Fig. 1c, CC = 0.666, p < 0.001). The results suggest that ART
treatment cycles increase with an increase in the GDP of a country.

2. The pregnancy and delivery rates both in IVF and ICSI aspiration cycles are negatively correlated with
GDP based on 2012 ICMART data.

Next, we tested the correlation between pregnancy and delivery rates in the three regular ART cycles (IVF,
ICSI, and FET) and LogGDP using Pearson analysis. The results showed that in IVF cycles, both
pregnancy (Fig. 2a, CC=-0.263, p = 0.041) and delivery rate (Fig. 2b, CC=-0.329, p = 0.012) are inversely
associated with LogGDP of ICMART countries. Similarly, for ICSI cycles, there was a signi�cant negative
correlation between pregnancy (Fig. 2c, CC=-0.394, p = 0.001) and delivery rate (Fig. 2d, CC=-0.417, p = 
0.001) and logGDP. However, in FET cycles, we found there was no signi�cant correlation between
pregnancy (Fig. 2e, CC=-0.006, p = 0.961) and delivery rate (Fig. 2f, CC=-0.059, p = 0.565) and LogGDP.
The data here indicate that the success rate in IVF and ICSI cycles declines with an increase in the GDP of
a country.
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3. There was no correlation between ART success rate and GDP based on the 2012 ART data of the 50 US
states.

Considering the potential in�uence of complex demographic, geographical, and cultural backgrounds
may also affect the correlation between GDP and ART success rate, we used data from 50 US states with
relatively lower confounding factors to analyze the relationship between GDP and ART success rate. First,
we calculated that the average pregnancy and delivery rates were 41.6 ± 5.9% and 34.2 ± 5.4% in ART
cycles, respectively. Subsequently, we analyzed the correlation between ART cycles (excluding FET
cycles) and GDP, and the results showed that ART procedures increased with an increase in GDP (Fig. 3a,
CC = 0.298, p = 0.036). However, we found that there was no signi�cant relationship between pregnancy
(Fig. 3b, CC=-0.019, p = 0.896) and delivery rate (Fig. 3c, CC=-0.078, p = 0.591) and LogGDP.

4. There may be a boundary point to link the correlation between ART success rate and GDP.

Based on the analysis of 2012 ICMART data and 2012 ART data of 50 US states, we found that there was
a negative link between ART success rate and GDP in ICMART countries, but no correlation in the US
states. Because the median GDP of the US states [5.38 (4.54–6.15)] in 2012 was much higher than that
of ICMART countries [1.53 (0.74–4.36)], we speculated that the ART success rate may have nothing to do
with GDP when the GDP of one economic body reaches a certain high level. In other words, there may be
a correlation between the ART success rate and GDP within a certain GDP range in ICMART members. To
estimate the boundary point, we compared the correlative variables at different GDP levels in determining
the association between the ART success rate and GDP. As shown in Table 1, when the GDP was set at ≥ 
twelve thousand dollars, we found there was a signi�cant negative correlation between pregnancy rate
only in IVF cycles and GDP (CC=-0.380, p = 0.026); however, when the GDP was over thirteen thousand
dollars, there was no statistically signi�cant correlation between pregnancy/delivery rate in IVF and ICSI
cycles and GDP. The results indicate that there could be no correlation between ART success rate and
GDP when the GDP of economic bodies is greater than thirteen thousand dollars.
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Table 1
Spearman correlation analysis between GDP per capita and ART pregnant rate and

delivery rate when GDP per capita is ≥ 1.2 or ≥ 1.3, respectively
GDP per capita ≥ 1.2

(LogGDP ≥ 0.08)

  GDP per capita ≥ 1.3

(LogGDP ≥ 0.11)

  CC p value   CC Mean (deviation) p value

IVF-PR

n = 34

-0.380 0.026 IVF-PR

n = 31

-0.320 31.7 ± 6.85 0.079

IVF-DR

n = 32

-0.225 0.216 IVF-DR

n = 30

-0.133 23.0 ± 7.4 0.483

ICSI-PR

n = 35

-0.291 0.089 ICSI-PR

n = 32

-0.205 29.3 ± 4.6 0.260

ICSI-DR

n = 33

-0.090 0.620 ICSI-DR

n = 31

0.039 21.5 ± 4.9 0.834

Discussion
In this study, we investigated the correlation between the ART success rate of a country (represented by
pregnancy/delivery rates) and its wealth (represented by GDP). Relying on data from 2012 ICMART
members and 50 US states, we found different results: there was a negative correlation between ART
success rate and GDP in ICMART countries, but no correlation in the 50 US states. Using rough
estimation, we revealed that ART success rate was not related to GDP in ICMART countries whose GDP
was more than thirteen thousand dollars. Therefore, we conclude that when the GDP of a country or an
economic body exceeds thirteen thousand dollars, their ART pregnancy and delivery rates may remain at
a stable level.

It is estimated that more than 48 million people are affected by infertility worldwide [9]. Many IVF clinics
are being opened across the world to help infertile couples have babies. Data from the IVF-Worldwide
website (www.ivf-worldwide.com) show that more than 3000 IVF clinics are operational, but ART
treatments are still inadequate in many parts of the world, particularly in developing countries [10].
However, the prevalence of infertility worldwide is comparable across low-, middle-, and high-income
countries [11]. Accordingly, wealthier countries show more utilization of ART treatments. According to our
data, there is a higher ART utilization rate (including IVF, ICSI, and FET cycles) in countries/regions with
high GDP per capita. In their study, Lass et al. [6] also showed a positive correlation between the
utilization rate of IVF and the GDP of countries/regions. This can be attributed to the affordability of
receiving ART treatments in these countries/regions. As such, governments across the world should begin
and/or continue/increase support for ART treatments, as occurs in Nordic countries [6].

https://www.kylc.com/stats/global/yearly/g_gdp_per_capita/2012.html
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Generally, people expect developed countries/regions to have high success rates of ART treatments.
Surprisingly, however, data from ICMART member countries showed a strong negative correlation
between GDP and IVF/ICSI treatment success rates in developed countries/regions. Noticeably, countries
with lower GDPs had higher pregnancy and delivery rates in IVF/ICSI treatments. It is di�cult to determine
the cause of this startling relationship owing to data availability limitations. A few potential factors may
explain this relationship. For example, it is well known that female age is remarkably associated with
fertility and ART success rate; women aged over 35 years have reduced fecundity and, therefore, lower
pregnancy rates especially via ART treatments [12]. Evidence shows that, in developed countries, women
prefer to have children late in their lives [13]. To allow time to �nish their education, pursue careers, or
attain �nancial independence, many women in developed countries delay starting families until they are
40 years or older [13, 14]. This phenomenon means that reproductive health clinics are treating a higher
number of older infertile women with more complicated gynecological diseases, such as diminished
ovarian reserve, endometriosis, and adenomyosis, thereby, the reduced ART success rate in these
countries. In Japan, for example, a country with a serious population aging problem [15], the pregnancy
and delivery rates are much lower even by IVF (11.7% and 8%, respectively) and ICSI (9.8% and 6.6%,
respectively) (Supplementary Table 1). Another factor affecting the ART success rate may be the number
of treatment cycles. As our data show, the ART treatment cycles grow as the GDP of economic bodies
increases. Statistically, the success rate of ART treatments calculated from a larger number of cases
should be closer to the overall rate. Thus, the pregnancy and delivery rates in IVF/ICSI cycles in low-
income countries (such as Ghana, Mali, and Nicaragua) may not adequately re�ect their ART success rate
owing to the relatively small number of IVF/ICSI cycles.

Additionally, the different cultural backgrounds across regions may affect the correlation between GDP
and ART success rate. However, it is di�cult to test and verify their role in ART success rate owing to data
unavailability. Therefore, to reduce the in�uence of cultural backgrounds, we used data from 50 US states
with relatively lower confounding factors to analyze the relationship between GDP and ART success rate.
Surprisingly, we found that there was no signi�cant correlation between GDP and ART pregnancy/delivery
rate based on the US CDC data. Given the high GDP of the US states, we hypothesized that the ART
success rate may have nothing to do with GDP when the GDP of one economic body reaches a certain
high level. Subsequently, by analyzing data of ICMART members, we estimated this GDP level to be
thirteen thousand dollars; in other words, the ART pregnancy and delivery rates were more stable (20–
30%, Table 1) in the regions where the GDP was more than thirteen thousand dollars. Notably, however,
the success rate of ART is still not satisfactory worldwide. The latest data from the European Society of
Human Reproduction and Embryology (ESHRE) show that the live-birth percentage per aspiration is ~ 
20% in both IVF and ICSI cycles [3]. It appears that the era of improving ART success rate is moving into a
bottleneck period as ART has been developing for 40 years.

In this study, there exists limitations about the data quality due to the lack of basic characteristics, such
as the age distribution of patients, infertile factors, and the quality control standards of reproductive
health clinics. It was di�cult to collect such detailed information owing to inaccessibility to the reporting
registry system. Moreover, approximately only one-third of countries in the world publish their ART data to
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ICMART. Currently, a large number of reproductive health clinics are opening in Asian countries, such as
China, Thailand, and Vietnam. It will be crucial to obtain ART registry data from these countries.
Additionally, owing to the limited ICMART data from a rather small number of countries, we were not able
to obtain a �tting curve to show the correlation between GDP and ART success rate (data not shown). We
provide only a rough estimate (~ thirteen thousand dollars) of the boundary point. Therefore, there is a
possible bias in obtaining this critical value.

Conclusions
In summary, our study, for the �rst time, revealed that the success rate of ART could attain a stable level
when the national or regional wealth reaches a certain level (GDP per capita of thirteen thousand dollars).
Despite the low number of ART treatment cycles in developing countries, the ART success rate of these
countries is not inferior to that of developed countries. Nevertheless, further studies analyzing more ART
data collected from more countries across the world are necessary to understand the in�uence of
socioeconomic status on the overall effectiveness rate of ART treatment.
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Figures

Figure 1

The correlation between GDP (10 thousand dollars) and numbers of ART treatment cycles from 2012
ICMART data. a: correlation between GDP and IVF cycles; b: correlation between GDP and ICSI cycles; c:
correlation between GDP and FET cycles. CC: correlation coe�cient.
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Figure 2

The correlation between LogGDP and pregnancy/delivery rate in ART cycles from 2012 ICMART data,
respectively. a: pregnancy rate in IVF cycles (IVF-PR). b: delivery rate in IVF cycles (IVF-DR); c: pregnancy
rate in ICSI cycles (ICSI-PR). d: delivery rate in ICSI cycles (ICSI-DR); e: pregnancy rate in FET cycles (FET-
PR). f: delivery rate in FET cycles (FET-DR). CC: correlation coe�cient.

Figure 3

The correlation between GDP and numbers of ART treatment cycles from 2012 USA data (a). The
correlation between LogGDP and pregnancy rate (b) and delivery rate (c) in ART cycles, respectively. CC:
correlation coe�cient.
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