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Abstract 

Objectives:  Along with the development of the times and progress of the society, the total fertility rate (TFR) mark-
edly changed in each country. Therefore, it is critical to describe the trend of TFR and explore its influencing factors. 
However, previous studies did not consider the time lag and cumulative effect in the associations between the influ-
encing factors and TFR. Thus, our study aimed to analyze the associations from a new dimension.

Methods:  The study was employed using national-level data from the World Bank and United Nations Development 
Programme. Distributed lag non-linear models with 5-year lag were used to examine the independent associations 
between the relevant factors and TFR.

Results:  The cumulative exposure-TFR curves were inverted U-shaped for log gross domestic product (GDP) per cap-
ita and life expectancy at birth, while the cumulative exposure-response curves were approximately linear for female 
expected years of schooling and human development index (HDI). However, it is worth noting that in the developed 
regions, TFR increased slightly with the high level of GDP per capita, female expected years of schooling and HDI.

Conclusions:  Nowadays, with the growth of GDP per capita, life expectancy at birth, female expected years of 
schooling and HDI, TFR are on a drastic downward trend in most regions. Besides, with the development of society, 
when levels of the factors continued to increase, TFR also showed a slight rebound. Therefore, governments, espe-
cially those in developing countries, should take measures to stimulate fertility and deal with a series of problems 
caused by declining TFR.
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Introduction
United Nations (UN) estimated that the global popu-
lation may increase from 7.8 billion in 2020 to 10.9 bil-
lion by 2100 [1]. Since a 40% population increase would 
have strong effects on economies, food production, 

environment and global climate [2, 3], figuring out the 
causes for population growth is critical for many aspects 
of international and national future planning [4]. Total 
fertility rate (TFR) is a key driver of the size and compo-
sition of the population [5]. TFR represents the number 
of children that would be born to a woman if she were 
to live to the end of her childbearing years and bear chil-
dren in accordance with age-specific fertility rates of the 
specified year [6]. UN assumed that TFR in all countries 
would converge to near replacement level (2.1) up to 
2100 [1]. However, nowadays more than half of the global 
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population lives in regions with below-replacement fer-
tility [7]. Lesthaeghe indicated that the world is under-
going the second demographic transition, which means 
long-term sub-replacement fertility [8]. There is no doubt 
that declining fertility is a key driver behind the rapid 
aging of populations worldwide [9]. Furthermore, popu-
lation aging can induce a series of social problems, such 
as serious financial challenges to all institutions, the lack 
of labor and so on [10]. Therefore, it is critical to describe 
the trend of TFR and explore its influencing factors.

As TFR is one of the major determinants of population 
growth rate [1], a number of studies conducted in differ-
ent countries or regions identified various influencing 
factors of it. Based on previous theories and data from 
European and other countries, Galor [11] analyzed five 
factors of the demographic transition and declining TFR: 
rising income per capita, reduced infant and child mor-
tality, increasing requirement for human capital, decline 
in the gender gap, and the demands of old-age security. 
His study emphasized that there was a weak correlation 
between economic development and TFR, while invest-
ment in education was a dominating force in the decline 
in TFR. In Philippines, TFR is influenced by race, place 
of residence, educational attainment level, women’s work 
and marriage age [12]. Contraceptive use and economy 
also played important roles in explaining the fertility dif-
ferences [12]. Song et  al. [13] indicated that the factors 
related to women in Korea, such as women’s percep-
tions about the value of marriage and children, had more 
powerful influence on TFR than income, employment 
status and government policies. Overall, although differ-
ent studies had different focuses, previous studies paid 
more attention to the associations between economy, 
education, health status and TFR, and the results were 
inconsistent [4, 11, 12]. Furthermore, these three aspects 
(economy, education, and health status) can be the cri-
teria for assessing the strength of a country, and human 
development index (HDI) is a statistic composite index of 
the related indicators of these three aspects [14].

In addition to the differences in the above results, 
the analysis method is also worth noting. For example, 
a long-term stable GDP per capita level absolutely has 
a greater influence on TFR than only one year’s GDP 
per capita level. Meanwhile, previous studies only esti-
mated the association between the influencing factors 
and TFR at the same time point, without considering 
the time lag and cumulative effect in the association 
[4, 12, 15]. In addition, previous studies assumed that 
the associations of the influencing factors with TFR 
were linear relationships, but it is obvious that there 
were non-linear associations between many influenc-
ing factors and TFR. Therefore, we used distributed lag 
non-linear models (DLNMs), a modelling framework 

that can simultaneously represent non-linear exposure-
response dependencies and delayed effects [16, 17], 
to analyze the associations between the factors and 
TFR. This methodology is based on the definition of a 
‘cross-basis’, a bi-dimensional space of functions that 
describes simultaneously the shape of the relation-
ship along both the space of the predictor and the lag 
dimension of its occurrence [16].

Based on previous studies and data available to us, we 
analyzed TFR in six regions and used DLNMs to exam-
ine the associations of it with three debated factors and 
one comprehensive index which were presumed to be 
influencing factors of TFR: GDP per capita (current 
US$), life expectancy at birth, female expected years of 
schooling and human development index. We hope that 
the conclusions of the study can provide a theoretical 
basis for the government to formulate policies related 
to fertility and population aging.

Methods
Regions and countries
Previous studies indicated that countries may not be 
statistically independent units [4, 15]. Neighboring 
countries may have similarities in culture, economy, 
or politics, and also distant countries have economic 
and political ties, as well as similar health status and 
social norms [18]. Therefore, some countries may form 
clusters of similar units that are significantly different 
from other clusters [4]. Considering that using coun-
tries as units in statistical analysis does not meet the 
requirement of the independent sample, the study was 
analyzed at regional levels. Besides, compared with 
analyzing all countries together, analyzing regions sep-
arately can reduce the influence of unmeasured vari-
ables. Based on the previous study [4], we divided the 
countries into six regions (Western Europe and related 
countries, Eastern Europe, Latin America and the Car-
ibbean, Arab States, Sub-Saharan Africa and Asia), as 
shown in Table S1. Because of common history and 
degree of economic and political ties, Eastern Europe 
was considered as a separate region. It is worth not-
ing that the classification in this study only included 
144 countries, excluding some small countries, island 
nations and regions. The main reason is that the data 
can’t be obtained from these countries and regions. In 
addition, compared with these 144 countries included 
in the study, the excluded countries with small popula-
tions contribute less effect on regional and world TFR, 
and their economy, education and health status are 
more vulnerable to the influence of neighboring coun-
tries. Therefore, data from the 144 countries can repre-
sent the condition of these six regions.
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Data
Data were available for 144 countries which were 
divided into six regions from 1960 to 2020. Country-
level data on TFR, GDP per capita (current US$) and life 
expectancy at birth were retrieved from the World Bank 
Open Data (https://​data.​world​bank.​org/) [6]. Data on 
female expected years of schooling and human devel-
opment index were from United Nations Development 
Programme (http://​hdr.​undp.​org/​en/​data) [19]. TFR is 
based on data on registered live births from vital regis-
tration systems, censuses or sample surveys. For coun-
tries without vital registration systems, TFR is generally 
based on extrapolations from trends observed in cen-
suses or surveys from earlier years [6]. Although TFR is 
an estimated indicator, it is generally considered a relia-
ble measure of fertility in the recent past. As the current 
population policies related to fertility are mainly based 
on female education rather than male education in some 
aspects, the education-related variable of the study used 
data for females [4, 20]. The variables in the dataset are 
defined as follows:

–	 Gross domestic product (GDP) per capita (current 
US$) is gross domestic product divided by midyear 
population [6].

–	 Life expectancy at birth indicates the number of 
years a newborn infant would live if prevailing pat-
terns of mortality at the time of its birth were to 
stay the same throughout its life [6].

–	 Female expected years of schooling represents the 
number of years of schooling that a girl of school 
entrance age can expect to receive if prevailing 
patterns of age-specific enrolment rates persist 
throughout the child’s life [19].

–	 Human development index is a composite index 
measuring average achievement in three basic 
dimensions of human development—a long and 
healthy life, knowledge and a decent standard of 
living [19].

Data were complete for almost all years in high-income 
countries, but the majority of middle- and low-income 
countries had incomplete data sets due to lack of data 
from earlier years. In most countries, data on GDP per 
capita was from 1960 to 2020, TFR and life expectancy 
at birth were from 1960 to 2019. Since female Expected 
years of schooling and HDI were emerging indicators, 
data on them were available from 1990 to 2019. In addi-
tion, the calculation method of HDI changed in 2010 [21].

Analytical strategies
Our analytical strategies consisted of descriptive sta-
tistics, correlations and distributed lag non-linear 

models (DLNMs) by region for longitudinal data anal-
ysis. Firstly, we calculated TFR and values of the rel-
evant variables (GDP per capita, life expectancy at 
birth, female Expected years of schooling and HDI) 
for each region using mean and standard deviations 
(mean ± SD). The results of the world and each region 
were the averages of the corresponding countries, and 
all countries have equal weight in the analysis. Besides, 
due to the skewed distribution of GDP per capita, log-
transformed GDP per capita was used in the analysis. 
Secondly, the correlations between TFR and the vari-
ables were statistically evaluated using Pearson corre-
lation. Thirdly, since the TFR in different regions were 
normal distributions, we used DLNMs of gaussian dis-
tribution family to evaluate the effects of the variables 
on TFR. The effect of different variables on TFR was 
calculated separately in different models. Lag mod-
els using level of the variables of lag0 to lag5 (in years) 
were used to estimate the associations between the 
variables and TFR [22]. Natural cubic spline was used 
as a smoothing parameter that modeled both the non-
linear variable effect and the lagged effect. Then, the fit-
test model was selected by Quasi-Akaike information 
criterion (QAIC), based on the number of knots and 
position, number of degrees of freedom, and smooth 
function for exposure-response and lag-response func-
tion of the model (Table S2 to Table S5). The world 
average values for each variable were selected as the 
reference values. Besides, the increments of TFR and 
95% confidence intervals (CIs) were estimated when 
the levels of the variables were low (5th quartile), mid-
dle (median), and high (95th quartile).

Sensitivity analysis
On the basis of the above analysis, in order to eliminate 
the influence of some countries undergoing economic 
recession on the trends of GDP per capita in the cor-
responding regions, we conducted a separate analysis 
for them. In this study, we defined a country in eco-
nomic recession as a country whose GDP per capita 
receded for at least 5 consecutive years during 10 years 
from the year of the economic crisis. We selected four 
global economic crises that began in 1979, 1990, 2000 
and 2007 [23], and there were 33, 9, 1 and 20 coun-
tries included respectively. The trends of log GDP per 
capita, HDI and TFR in these countries were plotted to 
explore whether economic recession could have a dif-
ferent influence on TFR. In addition, as the calculation 
method of HDI changed in 2010, we analyzed the asso-
ciations between HDI and TFR before and after 2010 
respectively. Furthermore, considering that the classi-
fication of the countries in this study differed from the 

https://data.worldbank.org/
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traditional classification, we also used United Nations 
geographical divisions which divided the world into 
five regions (Europe, Americas, Africa, Asia and Oce-
ania) to analyze the associations between the factors 
and TFR (Fig. S1 to Fig. S4) [24].

All the statistical analyses were conducted using R sta-
tistical software VERSION 4.0.0 (The R Project for Statis-
tical Computing; https://​www.r-​proje​ct.​org). P < 0.05 was 
considered as statistically significant. The mean results 
were presented as the increment in TFR per unit increase 
of each variable.

Results
Trends of TFR and relevant variables
Table  1 shows descriptive statistics for TFR and the 
relevant variables used in our analysis by periods. 
The worldwide mean TFR decreased steadily from 
5.29 during 1960–1969 to 2.74 during 2010–2020. 
Decreases in TFR occurred for all regions except East-
ern Europe over the 60-year time period. The most 
dramatic decline in mean TFR occurred in Arab States: 
during 1960–1969, the Arab States’ regional mean was 
7.06, higher than all the other regions; while during 
2010–2020, the mean for Arab States dropped to 3.11, 
which was lower than the mean TFR in Sub-Saharan 
Africa. Sizeable declines in mean TFR were in Western 
Europe and related countries (42%), Eastern Europe 
(44%), Latin America and the Caribbean (61%) and 
Asia (60%), while the smallest declines occurred in 
Sub-Saharan Africa (29%).

No matter in the world or in the six regions, the aver-
age levels of log GDP per capita, life expectancy at birth, 
female Expected years of schooling and HDI were stead-
ily increasing year by year. These indicators were always 
at high levels in Western Europe and related countries 
while at low levels in Sub-Saharan Africa. Especially in 
terms of GDP per capita and female Expected years of 
schooling, the gaps between the two regions were nearly 
two-fold.

Correlations between TFR and relevant variables
Table 2 shows the correlations between TFR and the rel-
evant variables in the same period by region. Worldwide, 
life expectancy at birth (Pearson’s correlation coefficient 
r = -0.86), female expected years of schooling (r = -0.82) 
and HDI (r = -0.88) were most strongly correlated with 
TFR. There was no doubt that HDI had strong correla-
tions with economic, health, and education indicators, 
as it is calculated from relevant indicators in the above-
mentioned fields. In addition, female expected years of 
schooling was highly correlated with log GDP per capita 
and life expectancy at birth.

In different regions, the correlations between TFR 
and the relevant variables were quite different. West-
ern Europe and related countries, as the region with the 
most developed countries, had the weakest correlations 
between TFR and the relevant variables (r ranged from 
− 0.57 to 0.11). In contrast, in Latin America and the 
Caribbean, Arab States and Asia, the strength of correla-
tions between TFR and the variables was higher (r ranged 
from − 0.85 to -0.64). It is worth noting that regardless of 
the region, the correlation between TFR and life expec-
tancy at birth was relatively high.

TFR and GDP per capita
The cumulative exposure-response curves for TFR at 
lag0-5 are shown in Fig.  1. The cumulative exposure-
response curve was approximately inverted U-shaped 
for log GDP per capita in the world, which meant TFR 
increased first and then decreased with the growth of 
GDP per capita. The result indicated that high GDP per 
capita could significantly decrease the level of TFR, and 
the increase of TFR was − 1.62 (95%CI: -1.74, -1.50), 
appearing at lag0-5 (Table S6). Within the correspond-
ing range of GDP per capita, the trends of TFR in each 
region were consistent. However, TFR in Western Europe 
and related countries was always lower than the global 
average TFR, except for when log GDP per capita was 
between about 7 and 9. Besides, in Eastern Europe, when 
the TFR was higher than the average TFR around the 
world, it remained stable and did not change with the 
changes in GDP per capita.

In countries that suffered from economic crises, GDP 
per capita fluctuated (Fig. S5). However, TFR declined 
stably over the years, unaffected by fluctuations in GDP 
per capita. Especially in 1979–1988, GDP per capita 
showed a typical S-shaped fluctuation with the year, 
while TFR decreased linearly.

TFR and life expectancy at birth
Figure  2 illustrates the lag-specific associations of life 
expectancy at birth with TFR. In most regions, TFR 
remained stable as life expectancy at birth increased 
before the age of 40. Besides, it can be seen intuitively 
that when life expectancy at birth reached about 50 
years, TFR decreased rapidly. Taking the world trend as 
an example, compared with the average life expectancy 
at birth, when it reached 43.0 years old, the increase of 
TFR was 2.98 (95%CI: 2.86, 3.10); while when it reached 
79.9 years old, the increase of TFR was − 1.91 (95%CI: 
-2.09, -1.74) at lag0-5 (Table S7). However, the asso-
ciation of life expectancy at birth with TFR in West-
ern Europe and related countries was not similar to the 
above trend, where the association was not significant. 

https://www.r-project.org
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In addition, in Latin America and the Caribbean, TFR 
began to decline rapidly only after life expectancy at 
birth reached about 70 years old.

TFR and female expected years of schooling
The cumulative influence of female expected years of 
schooling on TFR in different regions was shown in 

Table 1  Descriptive statistics for relevant variables used in the study overall and by region

Variables Periods

1960–1969 1970–1979 1980–1989 1990–1999 2000–2009 2010–2020

World

  Total fertility rate, mean (SD) 5.29 (1.92) 4.82 (2.09) 4.25 (2.05) 3.55 (1.88) 3.03 (1.68) 2.74 (1.39)

  log GDP per capita, mean (SD) 5.84 (1.18) 6.31 (1.60) 7.09 (1.61) 7.32 (1.67) 8.06 (1.68) 8.68 (1.51)

  Life expectancy at birth, mean (SD) 56.35 (12.17) 60.09 (11.30) 63.66 (10.23) 65.73 (10.56) 68.32 (10.32) 71.95 (8.43)

  Female expected years of schooling, mean (SD) - - - 10.26 (4.02) 11.82 (3.98) 13.36 (3.51)

  Human development index, mean (SD) - - - 0.62 (0.17) 0.66 (0.17) 0.71 (0.16)

Western Europe and related countries

  Total fertility rate, mean (SD) 2.89 (0.54) 2.20 (0.57) 1.83 (0.40) 1.75 (0.36) 1.72 (0.35) 1.68 (0.36)

  log GDP per capita, mean (SD) 7.43 (0.54) 6.64 (2.60) 7.63 (2.56) 8.51 (2.40) 10.39 (0.63) 10.72 (0.41)

  Life expectancy at birth, mean (SD) 70.88 (1.90) 72.67 (1.68) 75.02 (1.32) 77.11 (1.17) 79.39 (1.24) 81.55 (1.07)

  Female expected years of schooling, mean (SD) - - - 14.63 (1.82) 16.59 (1.88) 17.59 (1.93)

  Human development index, mean (SD) - - - 0.83 (0.04) 0.88 (0.03) 0.91 (0.03)

Eastern Europe

  Total fertility rate, mean (SD) 2.83 (1.20) 2.51 (0.80) 2.23 (0.50) 1.71 (0.45) 1.48 (0.27) 1.59 (0.20)

  log GDP per capita, mean (SD) 6.04 (0.21) 6.84 (0.53) 7.36 (0.48) 7.42 (0.82) 8.31 (0.88) 9.14 (0.64)

  Life expectancy at birth, mean (SD) 67.22 (4.84) 69.04 (3.42) 70.07 (2.41) 70.45 (2.37) 72.63 (2.70) 75.52 (2.43)

  Female expected years of schooling, mean (SD) - - - 11.83 (1.30) 13.87 (1.79) 15.62 (1.20)

  Human development index, mean (SD) - - - 0.71 (0.05) 0.77 (0.05) 0.82 (0.04)

Latin America and the Caribbean

  Total fertility rate, mean (SD) 5.91 (1.19) 5.03 (1.16) 4.16 (1.06) 3.39 (0.87) 2.74 (0.63) 2.33 (0.41)

  log GDP per capita, mean (SD) 5.86 (0.62) 6.61 (0.73) 7.25 (0.66) 7.62 (0.77) 8.08 (0.74) 8.73 (0.70)

  Life expectancy at birth, mean (SD) 57.52 (7.21) 61.77 (6.41) 65.70 (5.91) 69.08 (4.92) 71.78 (4.26) 74.01 (3.62)

  Female expected years of schooling, mean (SD) - - - 10.98 (1.60) 12.56 (1.80) 13.74 (2.15)

  Human development index, mean (SD) - - - 0.63 (0.08) 0.68 (0.08) 0.73 (0.08)

Arab States

  Total fertility rate, mean (SD) 7.06 (0.59) 6.70 (0.94) 5.79 (1.27) 4.48 (1.45) 3.54 (1.32) 3.11 (1.10)

  log GDP per capita, mean (SD) 5.65 (0.87) 7.11 (1.50) 7.91 (1.37) 7.72 (1.43) 8.29 (1.39) 8.68 (1.26)

  Life expectancy at birth, mean (SD) 50.70 (9.01) 57.12 (8.92) 62.61 (8.31) 66.67 (7.54) 69.37 (7.04) 71.67 (6.28)

  Female expected years of schooling, mean (SD) - - - 9.83 (3.28) 11.30 (3.30) 11.79 (3.29)

  Human development index, mean (SD) - - - 0.61 (0.14) 0.66 (0.13) 0.68 (0.13)

Sub-Saharan Africa

  Total fertility rate, mean (SD) 6.78 (0.61) 6.91 (0.61) 6.65 (0.74) 5.96 (1.05) 5.40 (1.14) 4.78 (1.02)

  log GDP per capita, mean (SD) 4.88 (0.62) 5.56 (0.72) 6.14 (0.75) 6.10 (0.84) 6.41 (0.90) 7.01 (0.83)

  Life expectancy at birth, mean (SD) 42.38 (5.92) 46.75 (5.99) 50.66 (5.94) 50.17 (6.15) 52.19 (4.81) 59.61 (4.63)

  Female expected years of schooling, mean (SD) - - - 5.95 (3.23) 7.36 (2.63) 9.60 (2.07)

  Human development index, mean (SD) - - - 0.40 (0.11) 0.43 (0.08) 0.51 (0.08)

Asia

  Total fertility rate, mean (SD) 5.82 (1.25) 5.01 (1.61) 4.19 (1.69) 3.26 (1.56) 2.55 (1.27) 2.32 (0.91)

  log GDP per capita, mean (SD) 5.19 (0.81) 5.99 (1.24) 6.98 (1.40) 7.06 (1.64) 7.43 (1.61) 8.33 (1.40)

  Life expectancy at birth, mean (SD) 54.18 (9.75) 57.92 (10.73) 62.41 (9.14) 66.10 (7.58) 69.58 (6.72) 72.92 (5.97)

  Female expected years of schooling, mean (SD) - - - 8.57 (2.89) 10.36 (3.00) 12.75 (2.41)

  Human development index, mean (SD) - - - 0.57 (0.14) 0.64 (0.13) 0.70 (0.12)



Page 6 of 13Cheng et al. BMC Public Health         (2022) 22:1346 

Fig. 3. When female expected years of schooling was 12 
years or less, TFR decreased stably with the increase of 
it. However, when female expected years of schooling 
reached above 15 years, TFR showed a slight rebound. 

It is worth noting that in developed regions (Western 
Europe and related countries as well as Eastern Europe), 
regardless of the length of female expected years of 
schooling, there was no significant association between it 

Table 2  Pearson correlation coefficients of the relevant variables and TFR

* P < 0.05; ** P < 0.01

Variables Total Fertility 
rate

log GDP per 
capita

Life expectancy at 
birth

Female expected years 
of schooling

Human 
development 
index

World

  Total fertility rate 1 -0.66** -0.86** -0.82** -0.88**

  log GDP per capita 1 0.75** 0.82** 0.86**

  Life expectancy at birth 1 0.84** 0.92**

  Female expected years of schooling 1 0.93**

  Human development index 1

Western Europe and related countries

  Total fertility rate 1 -0.22** -0.57** 0.11* 0.10**

  log GDP per capita 1 0.64** 0.38** 0.69**

  Life expectancy at birth 1 0.46** 0.73**

  Female expected years of schooling 1 0.69**

  Human development index 1

Eastern Europe

  Total fertility rate 1 -0.42** -0.69** -0.35** -0.38**

  log GDP per capita 1 0.65** 0.72** 0.84**

  Life expectancy at birth 1 0.63** 0.73**

  Female expected years of schooling 1 0.92**

  Human development index 1

Latin America and the Caribbean

  Total fertility rate 1 -0.85** -0.85** -0.67** -0.81**

  log GDP per capita 1 0.86** 0.77** 0.90**

  Life expectancy at birth 1 0.69** 0.85**

  Female expected years of schooling 1 0.90**

  Human development index 1

Arab States

  Total fertility rate 1 -0.64** -0.81** -0.81** -0.78**

  log GDP per capita 1 0.82** 0.71** 0.88**

  Life expectancy at birth 1 0.86** 0.92**

  Female expected years of schooling 1 0.92**

  Human development index 1

Sub-Saharan Africa

  Total fertility rate 1 -0.73** -0.55** -0.81** -0.84**

  log GDP per capita 1 0.66** 0.64** 0.83**

  Life expectancy at birth 1 0.59** 0.68**

  Female expected years of schooling 1 0.88**

  Human development index 1

Asia

  Total fertility rate 1 -0.77** -0.85** -0.79** -0.77**

  log GDP per capita 1 0.84** 0.82** 0.93**

  Life expectancy at birth 1 0.83** 0.92**

  Female expected years of schooling 1 0.92**

  Human development index 1
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and TFR. With the high female expected years of school-
ing after 1990, the increases of TFR in these two regions 
were 0.83 (95%CI: -0.37, 2.03) and 0.08 (95%CI: -0.59, 
0.75) at lag0-5, respectively (Table S8).

TFR and HDI
The exposure-response curves between HDI and TFR 
of different regions are shown in Fig. 4. TFR decreased 
stably along with HDI worldwide. Low-HDI could 
increase the level of TFR, and the increase of TFR 
was 3.07 (95%CI: 2.94, 3.20) at lag0-5. High-HDI also 
showed a negative influence on TFR, and the increase 
of TFR was − 0.93 (95%CI: -1.06, -0.79) (Table S9). 
Besides, it is worth noting that when HDI was above 
0.80, TFR showed a slight rebound in the world. How-
ever, there was no correlation between TFR and HDI in 
Western Europe and related countries as well as East-
ern Europe when HDI was above 0.75. Besides, the 
lag-specific associations of HDI with TFR before and 
after 2010 were shown in Fig. S6 and Fig. S7. These 

time-layered findings of associations between HDI and 
TFR were similar to the result above.

Discussion
In this study, we found significant associations of TFR 
with GDP per capita, life expectancy at birth, female 
expected years of schooling and HDI. The similarity of 
results among regions suggested that the relationships 
(negative or positive) were real and fairly common. How-
ever, a number of deviations occurred in Western Europe 
and related countries as well as Eastern Europe. Over-
all, the cumulative exposure-TFR curves were inverted 
U-shaped for log GDP per capita and life expectancy at 
birth, while the cumulative exposure-response curves 
were approximately linear for female expected years of 
schooling and HDI.

To clarify factors of possible importance for TFR in 
different global regions, we analyzed four potential 
major agents that could be quantified. Over the past 
half century, the negative association between economic 

Fig. 1  The estimated overall cumulative effects of mean log GDP per capita over 5 years on TFR
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development and TFR has been one of the most unani-
mously accepted empirical regularities in the economic 
and social sciences [25–27]. In our study, long-term 
stable low or high GDP per capita could reduce TFR in 
most regions, while when GDP per capita was close to 
the current global average, TFR increased significantly. 
This result was almost in line with the above regularity. 
The main theory to explain the negative impact of eco-
nomic development on TFR is the so-called ‘new home 
economic theory’. Becker et al. interpreted TFR reduction 
as a rational behavior of households by explaining that 
the increase in income induced parents to place more 
focus on children’s ‘quality’ rather than ‘quantity’ [28–30]. 
Nowadays, families are more inclined to provide better 
education to their children to enhance their competi-
tiveness [31]. Based on these hypotheses, families find it 
optimal to have fewer children, and to provide each child 
with a higher level of human capital [32]. These theories 
together explain why TFR decline goes hand in hand with 
economic development.

However, some studies suggested that TFR in relation 
to GDP was weak, and even some researchers argued the 
well-established negative relationship between develop-
ment and fertility had reversed [4, 32, 33]. Calderon et al. 
[33] confirmed that when a certain level of economic 
development was attained, the inverse J-shaped pattern 
between GDP per capita and TFR exists. In our results, 
the positive association of GDP per capita with TFR 
indeed existed in Western Europe and related countries 
when log GDP capita was higher than eleven. However, 
this association was not as obvious as in other studies. 
The main reason may be that the analytical method and 
the scope of the original data (including year and coun-
try) are different. In addition, it is worth noting that fur-
ther economic development is inclined to induce TFR 
re-increase in the richest countries, while this increase 
will be small if driven by the increment in GDP per capita 
only [32]. And Whittington et al. [34] found that TFR was 
affected differently by economic development depend-
ing upon the specific sector (agriculture, manufacturing, 

Fig. 2  The estimated overall cumulative effects of mean life expectancy at birth over 5 years on TFR
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heavy industry, and services) where growth occurred. In 
general, high level of GDP per capita indeed leads to the 
increase in TFR, but the magnitude of the increase and 
possible theories of the inverse relation need further 
studies to figure out.

The theory of ‘life history evolution’ suggests that 
individuals might adjust the timing of marriage and 
reproduction, as well as their propensity to terminate a 
marriage or pregnancy, in response to indicators of the 
locally prevailing level of life expectancy [35, 36]. There-
fore, shortened timeframes lead to hastened marriage 
and reproduction whereas lengthier timeframes increase 
the probability of marital and reproductive termination. 
The results of our study indeed proved the theory. When 
life expectancy was in the range of reproductive age, 
TFR increased with life expectancy; otherwise, the asso-
ciation between these two indicators was negative. Lutz 
et al. [37] also confirmed that life expectancy was one of 
the indispensable factors which could influence TFR. He 
indicated that population density presented a significant 

factor for the levels and trends of TFR; meanwhile, popu-
lation density was usually based on indicators such as life 
expectancy at birth [37].

Nowadays, studies about TFR in contemporary socie-
ties always focus on the relationship between education 
and fertility [38]. The evidence indicated that the typically 
negative association between women’s education and 
TFR was extremely stable [39–41], but the exact mech-
anism that leads to lower TFR with longer education is 
not well-known [42]. In Belgium, the postponement of 
fertility after 1970 is closely related to the expansion of 
education: compared with cohorts born in 1946–1950, 
40 to 50% of the difference in cumulated fertility at age 
25 in the 1951–1975 birth cohorts is attributable to ris-
ing educational levels [41]. However, our study found 
that the negative association of women’s education with 
TFR only existed when the expected years of schooling 
was not long enough. Some other studies also confirmed 
our results. Jalovaara et  al. [43] concluded that in cer-
tain higher-income countries, the negative relationship 

Fig. 3  The estimated overall cumulative effects of mean female expected years of schooling over 5 years on TFR
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between them was diminishing in cohorts. Nisen et  al. 
[38] further put forward the contention that there was 
higher TFR in high-educated women compared to that 
in medium- (or low-) educated women in more devel-
oped regions. This phenomenon indeed appeared in our 
results, especially in Latin America and the Caribbean 
as well as Arab States. Nevertheless, the theories about 
the above phenomenon remain unclear yet. A possible 
explanation is that although highly educated women have 
larger earnings losses from family leaves than low-edu-
cated women, their remaining income may still be more 
than sufficient to maintain the family’s previous level 
of living [43, 44]. Therefore, more studies are needed to 
explore and explain the current association between edu-
cation and fertility.

First calculated in 1990, HDI serves as a frame of ref-
erence for both social and economic development. HDI 
measures the average achievements of a country in a 
single statistic by combining indicators of health, knowl-
edge, and standard of living [45]. Studies found that the 

association between HDI and TFR was similar to that 
between GDP per capita and TFR [26, 46]. In recent 
years, the association of HDI with TFR is negative for 
HDI levels below the range of 0.85–0.9. However, as the 
HDI is close to levels above about 0.9, the HDI-TFR asso-
ciation reverses to a positive relationship: higher levels 
of HDI are associated with higher levels of TFR [46]. In 
our study, the inverse association was not obvious, prob-
ably because the regions were not divided according to 
the level of HDI. Given the heterogeneity of institutional, 
cultural and policy contexts across countries, further 
research is required to investigate the different mecha-
nisms that may underlie the reversal in the association 
between HDI and TFR [46]. However, based on the pre-
vious and our studies, as a comprehensive indicator, HDI 
is currently a relatively representative indicator that can 
be used to assess the relationship between the overall 
development level of a country and TFR.

Overall, there is no doubt that numerous countries are 
experiencing extremely rapid fertility decline nowadays. 

Fig. 4  The estimated overall cumulative effects of mean human development index over 5 years on TFR
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More and more countries are undergoing the second 
demographic transition. The rise of cohabitation, the 
progress in women’s rights, and advanced concepts were 
structural features causing fertility postponement [8, 
47]. Although TFR shows a slight rebound when GDP 
per capita, female expected years of schooling or HDI 
reaches a certain level, for some developing countries, 
the adverse effects of the decline in fertility will have 
been very serious by then. Take China as an example, evi-
dence from the 2020 Census suggests that TFR may have 
fallen to 1.3 in China [48]. And the continuing sluggish 
TFR has deepened the degree of population aging, which 
inevitably gives rise to a host of socioeconomic chal-
lenges [49]. Population aging induces many challenges 
and concerns about the pace of future economic growth, 
the operation and financial integrity of health care and 
pension systems, the well-being of the elderly and labor-
force shortages [50, 51]. Therefore, governments, espe-
cially those already faced with the declining TFR, should 
formulate relevant policies to promote fertility as soon 
as possible, because the situation of declining TFR will 
continue for a long time. Our study found that increas-
ing female expected years of schooling high enough 
was the most effective way to promote TFR. Women’s 
consciousness about the value of marriage and children 
affected childbirths, which meant that it may be quite 
difficult for women to give up their careers and choose 
childbirth without social support or adequate compen-
sation in modern society [13]. Therefore, social support 
systems and relative policies should be pursued to help 
women balance their career and child rearing, such as 
paid parental leave, gender equality in parental leave and 
so on [52]. However, it cannot be ignored that TFR is 
still too high in some poor developing countries, which 
is above the replacement level, such as Niger, Uganda, 
and Afghanistan. High fertility is leading to profound 
local environmental pressures, including water stress, 
land degradation, and decreasing farm sizes, which are 
worsening the serious economic challenges these coun-
tries face [53]. High fertility also forces children to suffer 
from woeful under-investments in education, health and 
nutrition. Therefore, for these countries, how to reduce 
fertility is the primary consideration. Overall, different 
governments can choose appropriate countermeasures 
according to national conditions.

Our study assessed the influence of three debated fac-
tors and one comprehensive index on TFR, and further 
analyzed the associations in different regions. However, 
it has several limitations. First, although considering the 
influence of the levels of each factor in the previous five 
years on the subsequent TFR, the actual causal associa-
tion between them is not clear. For example, some stud-
ies indicated that with social and economic development, 

lower TFR may promote economic development, rather 
than the other way around [54, 55]. Second, when ana-
lyzing the association between the factors and TFR, 
other confounding variables were not controlled. And 
the strength of correlations between TFR and these vari-
ables was high. Therefore, the associations between TFR 
and the variables were not guaranteed to be correct, and 
a cautious approach in interpreting the results was war-
ranted. Third, there was a possibility that unique TFR in 
some countries had been masked by grouping the coun-
tries. Therefore, the results tended to represent aver-
age associations between the relevant factors and TFR, 
ignoring the specificity of each country. Forth, owing to 
lack of related data in some countries and regions, we 
did not include these countries and regions in the anal-
ysis. Therefore, some results might not represent the 
real-world level. Fifth, since our data was obtained from 
public databases, some indicators (such as religion, con-
traceptive use, family planning programs and so on) were 
not included in this analysis. However, it is undeniable 
that these indicators do have influence on TFR [4].

In general, our study is the first one to take the time lag 
and cumulative effect into account when assessing the 
relationship between GDP per capita, life expectancy at 
birth, female expected years of schooling, HDI and TFR. 
And the non-linear associations were revealed intui-
tively. The results of our study confirmed the associa-
tions between the relevant factors and TFR found in the 
previous studies, and added another dimension to exam-
ine the relationship. In addition, based on the second 
demographic transition theory, further studies should be 
conducted to explore the associations between the post-
modern ideas/attitudes and TFR rather than being lim-
ited to objective country-level indicators.

Conclusions
Over the last decades, in many countries TFR dropped 
drastically. The trend in TFR was related to various fac-
tors. The cumulative exposure-TFR curves were inverted 
U-shaped for log GDP per capita and life expectancy at 
birth, while the cumulative exposure-response curves 
were approximately linear for female expected years of 
schooling and HDI. These stable associations existed in 
all regions except for Western Europe and related coun-
tries as well as Eastern Europe. In the above two regions, 
the TFR increased slightly with the high GDP per capita, 
female expected years of schooling and HDI. These asso-
ciations indicated that with the development of society, 
when levels of the factors continued to increase, TFR 
also showed a slight rebound. Taking into account the 
situation of declining TFR will continue for a long time, 
governments, especially those already faced with the con-
tinuously declining TFR, should take countermeasures 
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to stimulate fertility and alleviate the pressure resulting 
from low TFR.

Abbreviations
CI: Confidence Interval; DLNM: Distributed Lag Non-linear Model; GDP: Gross 
Domestic Product; HDI: Human Development Index; TFR: Total Fertility Rate; 
UN: United Nations.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​022-​13656-1.

Additional file 1. 

Acknowledgements
The authors would like to thank all participants who have taken part in this 
study.

Authors’ contributions
YY, HC, WL, HL: designed the analyses. HC, SS, XX: conducted the data analysis. 
HC, ZP, HZ: drafted tables and figures. All authors participated on interpreting 
the results, drafting and commenting on the paper. And All authors read and 
approved the final manuscript.

Funding
This study was supported by Chinese National Natural Science Foundation, 
grant number 81973055; National Key Research and Development Programme 
of China, grant number 2021YFC2701901; Major research and development 
projects of Zhejiang science and Technology Department, grant number 
2018C03010; Key Laboratory of Intelligent Preventive Medicine of Zhejiang 
Province, grant number 2020E10004 and Leading Innovative and Entrepreneur 
Team Introduction Program of Zhejiang, grant number 2019R01007.

Availability of data and materials
The datasets generated and/or analyzed during the current study are avail-
able in the World Bank Open Data (https://​data.​world​bank.​org/) and United 
Nations Development Programme (http://​hdr.​undp.​org/​en/​data).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Epidemiology & Health Statistics, School of Public Health, 
School of Medicine, Zhejiang University, Hangzhou, China. 2 Sir Run Run Shaw 
Hospital, School of Medicine, Zhejiang University, Hangzhou, China. 3 Depart-
ment of Public Health and Department of Anesthesiology, the Second Affili-
ated Hospital of Zhejiang University School of Medicine, Hangzhou, China. 

Received: 11 April 2022   Accepted: 15 June 2022

References
	1.	 World Population Prospects: The 2019 Revision. http://​popul​ation.​un.​org/​

wpp/. Accessed 1 Sept 2021
	2.	 Das Gupta M. Population, poverty, and climate change. World Bank Res 

Observer. 2014;29(1):83–108.

	3.	 Crist E, Mora C, Engelman R. The interaction of human population, food 
production, and biodiversity protection. Science. 2017;356(6335):260–4.

	4.	 Gotmark F, Andersson M. Human fertility in relation to education, 
economy, religion, contraception, and family planning programs. BMC 
Public Health. 2020;20(1):265. https://​doi.​org/​10.​1186/​s12889-​020-​8331-7.

	5.	 Alkema L, Raftery AE, Gerland P, Clark SJ, Pelletier F, Buettner T, Heilig 
GK. Probabilistic Projections of the Total Fertility Rate for All Coun-
tries. Demography. 2011;48(3):815–39. https://​doi.​org/​10.​1007/​
s13524-​011-​0040-5.

	6.	 World Bank Open Data. http://​data.​world​bank.​org/. Accessed 1 Sept 2021
	7.	 Wilson C. Fertility below replacement level. Science. 

2004;304(5668):207–9.
	8.	 Lesthaeghe R. The second demographic transition, 1986–2020: sub-

replacement fertility and rising cohabitation—a global update. Genus. 
2020;76(1):10. https://​doi.​org/​10.​1186/​s41118-​020-​00077-4.

	9.	 Oura P. Sociodemographic Indicators of Birth Rate in a Low Fertility 
Country-A Nationwide Study of 310 Finnish Municipalities Covering > 
5,000,000 Inhabitants. Front Public Health. 2021;9:643561. https://​doi.​org/​
10.​3389/​fpubh.​2021.​643561.

	10.	 Ogura S, Jakovljevic MM. Editorial: Global Population Aging - Health Care, 
Social and Economic Consequences. Front Public Health. 2018;6:335. 
https://​doi.​org/​10.​3389/​fpubh.​2018.​00335.

	11.	 Galor O. The Demographic Transition: Causes and Consequences. Clio-
metrica (Berl). 2012;6(1):1–28. https://​doi.​org/​10.​1007/​s11698-​011-​0062-7.

	12.	 Lai S-L, Tey N-P. Socio-economic and proximate determinants of fertility 
in the Philippines. World Appl Sci J. 2014;31(10):1828–36.

	13.	 Song J-E, Ahn J-A, Lee S-K, Roh EH. Factors related to low birth rate 
among married women in Korea. PloS one. 2018;13(3):e0194597–
e0194597. https://​doi.​org/​10.​1371/​journ​al.​pone.​01945​97.

	14.	 Almasi-Hashiani A, Sepidarkish M, Vesali S, Omani Samani R. The correla-
tion of human development index on fertility and mortality rate: a global 
ecological study. Int J Pediatrics. 2016;4(12):4071–80.

	15.	 Santelli JS, Song X, Garbers S, Sharma V, Viner RM. Global Trends 
in Adolescent Fertility, 1990–2012, in Relation to National Wealth, 
Income Inequalities, and Educational Expenditures. J Adolesc Health. 
2017;60(2):161–8. https://​doi.​org/​10.​1016/j.​jadoh​ealth.​2016.​08.​026.

	16.	 Gasparrini A, Armstrong B, Kenward MG. Distributed lag non-linear mod-
els. Stat Med. 2010;29(21):2224–34. https://​doi.​org/​10.​1002/​sim.​3940.

	17.	 Gasparrini A. Distributed Lag Linear and Non-Linear Models in R: The 
Package dlnm. J Stat Softw. 2011;43(8):1–20.

	18.	 Maoz Z. Networks of Nations: The Evolution, Structure, and Impact of 
International Networks, 1816–2001. Cambridge: Cambridge University 
Press; 2010.

	19.	 Human Development Reports. http://​hdr.​undp.​org/​en/​data. Accessed 1 
Sept 2021

	20.	 McCrary J, Royer H. The Effect of Female Education on Fertility and Infant 
Health: Evidence from School Entry Policies Using Exact Date of Birth. Am 
Econ Rev. 2011;101(1):158–95. https://​doi.​org/​10.​1257/​aer.​101.1.​158.

	21.	 Human Development Index. http://​en.​wikip​edia.​org/​wiki/​Human_​Devel​
opment_​Index#​Dimen​sions_​and_​calcu​lation. Accessed 1 Sept 2021

	22.	 DerSarkissian M, Thompson CA, Arah OA. Time series analysis of maternal 
mortality in Africa from 1990 to 2005. J Epidemiol Community Health. 
2013;67(12):992–8. https://​doi.​org/​10.​1136/​jech-​2013-​202565.

	23.	 Recession. https://​en.​wikip​edia.​org/​wiki/​Reces​sion#​Global. Accessed on 1 
Sept 2021.

	24.	 United Nations Statistics Division. http://​unsta​ts.​un.​org/​unsd/​metho​dol-
ogy/​m49/. Accessed 1 Sept 2021

	25.	 Bryant J. Theories of fertility decline and the evidence from development 
indicators. Popul Dev Rev. 2007;33(1):101–27.

	26.	 Lee R. The demographic transition: three centuries of fundamental 
change. J Econ Perspect. 2003;17(4):167–90.

	27.	 Bongaarts J, Watkins SC. Social interactions and contemporary fertility 
transitions. Popul Dev Rev. 1996;22(4):639–82.

	28.	 Becker GS. An economic analysis of fertility. In: Demographic and 
economic change in developed countries. edn. New York: Columbia 
University Press; 1960. p. 209–40.

	29.	 Becker GS, Becker GS. A Treatise on the Family. Massachusetts: Harvard 
university press; 2009.

	30.	 Willis RJ. A new approach to the economic theory of fertility behavior. J 
Political Econ. 1973;81(2, Part 2):S14-S64.

https://doi.org/10.1186/s12889-022-13656-1
https://doi.org/10.1186/s12889-022-13656-1
https://data.worldbank.org/
http://hdr.undp.org/en/data
http://population.un.org/wpp/
http://population.un.org/wpp/
https://doi.org/10.1186/s12889-020-8331-7
https://doi.org/10.1007/s13524-011-0040-5
https://doi.org/10.1007/s13524-011-0040-5
http://data.worldbank.org/
https://doi.org/10.1186/s41118-020-00077-4
https://doi.org/10.3389/fpubh.2021.643561
https://doi.org/10.3389/fpubh.2021.643561
https://doi.org/10.3389/fpubh.2018.00335
https://doi.org/10.1007/s11698-011-0062-7
https://doi.org/10.1371/journal.pone.0194597
https://doi.org/10.1016/j.jadohealth.2016.08.026
https://doi.org/10.1002/sim.3940
http://hdr.undp.org/en/data
https://doi.org/10.1257/aer.101.1.158
http://en.wikipedia.org/wiki/Human_Development_Index#Dimensions_and_calculation
http://en.wikipedia.org/wiki/Human_Development_Index#Dimensions_and_calculation
https://doi.org/10.1136/jech-2013-202565
https://en.wikipedia.org/wiki/Recession#Global
http://unstats.un.org/unsd/methodology/m49/
http://unstats.un.org/unsd/methodology/m49/


Page 13 of 13Cheng et al. BMC Public Health         (2022) 22:1346 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	31.	 Jones LE, Schoonbroodt A, Tertilt M. 2. Fertility Theories: Can They Explain the 
Negative Fertility-Income Relationship? Illinois: University of Chicago Press; 
2011.

	32.	 Luci-Greulich A, Thévenon O. Does economic advancement ‘cause’a re-
increase in fertility? An empirical analysis for OECD countries (1960–
2007). Eur J Popul. 2014;30(2):187–221.

	33.	 Lacalle-Calderon M, Perez-Trujillo M, Neira I. Fertility and Economic Devel-
opment: Quantile Regression Evidence on the Inverse J-shaped Pattern. 
Eur J Popul. 2017;33(1):1–31. https://​doi.​org/​10.​1007/​s10680-​016-​9382-4.

	34.	 Whittington LA, Stapleton DC. Agricultural growth, the status of women, 
and fertility. Am J Agric Econ. 1995;77(3):706–11.

	35.	 Krupp DB. Marital, reproductive, and educational behaviors covary with 
life expectancy. Arch Sex Behav. 2012;41(6):1409–14. https://​doi.​org/​10.​
1007/​s10508-​012-​9949-z.

	36.	 Roff D. Evolution of life histories: theory and analysis: Springer Science & 
Business Media; 1993.

	37.	 Vollset SE, Goren E, Yuan CW, Cao J, Smith AE, Hsiao T, Bisignano C, Azhar GS, 
Castro E, Chalek J, et al. Fertility, mortality, migration, and population scenar-
ios for 195 countries and territories from 2017 to 2100: a forecasting analysis 
for the Global Burden of Disease Study. Lancet. 2020;396(10258):1285–306. 
https://​doi.​org/​10.​1016/​s0140-​6736(20)​30677-2.

	38.	 Nisén J, Klüsener S, Dahlberg J, Dommermuth L, Jasilioniene A, Krey-
enfeld M, Lappegård T, Li P, Martikainen P, Neels K, et al. Educational 
Differences in Cohort Fertility Across Sub-national Regions in Europe. Eur 
J Popul. 2021;37(1):263–95. https://​doi.​org/​10.​1007/​s10680-​020-​09562-0.

	39.	 Van Bavel J, Klesment M, Beaujouan E, Brzozowska Z, Puur A, Reher D, 
Requena M, Sandström G, Sobotka T, Zeman K. Seeding the gender revo-
lution: Women’s education and cohort fertility among the baby boom 
generations. Popul Stud (Camb). 2018;72(3):283–304. https://​doi.​org/​10.​
1080/​00324​728.​2018.​14982​23.

	40.	 Wood J, Neels K, Kil T. The educational gradient of childlessness and 
cohort parity progression in 14 low fertility countries. Demographic Res. 
2014;31:1365–416.

	41.	 Neels K, De Wachter D: Postponement and recuperation of Belgian fertil-
ity: how are they related to rising female educational attainment? Vienna 
Yearbook of Population Research 2010:77–106.

	42.	 Bongaarts J, Mensch BS, Blanc AK. Trends in the age at reproductive 
transitions in the developing world: The role of education. Popul Stud. 
2017;71(2):139–54.

	43.	 Jalovaara M, Neyer G, Andersson G, Dahlberg J, Dommermuth L, Fallesen 
P, Lappegård T. Education, gender, and cohort fertility in the Nordic 
countries. Eur J Popul. 2019;35(3):563–86.

	44.	 England P, Bearak J, Budig MJ, Hodges MJ. Do Highly Paid, Highly Skilled 
Women Experience the Largest Motherhood Penalty? American Socio-
logical Review. 2016;81(6):1161–89. https://​doi.​org/​10.​1177/​00031​22416​
673598.

	45.	 Bulled NL, Sosis R. Examining the relationship between life expec-
tancy, reproduction, and educational attainment. Human Nature. 
2010;21(3):269–89.

	46.	 Myrskylä M, Kohler HP, Billari FC. Advances in development reverse 
fertility declines. Nature. 2009;460(7256):741–3. https://​doi.​org/​10.​
1038/​natur​e08230.

	47.	 Zaidi B, Morgan SP. The second demographic transition theory: A Review 
and Appraisal. Annu Rev Sociol. 2017;43:473–92. https://​doi.​org/​10.​1146/​
annur​ev-​soc-​060116-​053442.

	48.	 China’s 2020 fertility rate was 1.3, with 12 mln births. https://​www.​reute​rs.​
com/​artic​le/​china-​socie​ty-​census-​ferti​lity-​idUSL​4N2MY​140. Accessed on 
1 Sept 2021.

	49.	 Fang EF, Scheibye-Knudsen M, Jahn HJ, Li J, Ling L, Guo H, Zhu X, Preedy 
V, Lu H, Bohr VA: A research agenda for aging in China in the 21st century. 
Age Res Rev2015, 24:197–205.

	50.	 Bloom DE, Boersch-Supan A, McGee P, Seike A. Population aging: facts, 
challenges, and responses. Benefits Compensation Int. 2011;41(1):22.

	51.	 Global Population Aging: Facts, Challenges, Solutions & Perspectives. 
Daedalus. 2015;144(2):80–92. doi:10.1162/DAED_a_00332

	52.	 Lee S, Duvander AZ, Zarit SH. How can family policies reconcile fertility 
and women’s employment? Comparisons between South Korea and 
Sweden. Asian J Women Stud. 2016;22(3):269–88. https://​doi.​org/​10.​
1080/​12259​276.​2016.​12020​27.

	53.	 Sachs JD. Lower fertility: A wise investment. Sci Am. 2006;295(3):42. 
https://​doi.​org/​10.​1038/​scien​tific​ameri​can09​06-​42.

	54.	 Casey G, Galor O. Is faster economic growth compatible with reductions 
in carbon emissions? The role of diminished population growth. Environ 
Res Lett. 2017;12(1). https://​doi.​org/​10.​1088/​1748-​9326/​12/1/​014003

	55.	 O’Sullivan JN. Revisiting demographic transition: Correlation and causa-
tion in the rate of development and fertility decline. 2013.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s10680-016-9382-4
https://doi.org/10.1007/s10508-012-9949-z
https://doi.org/10.1007/s10508-012-9949-z
https://doi.org/10.1016/s0140-6736(20)30677-2
https://doi.org/10.1007/s10680-020-09562-0
https://doi.org/10.1080/00324728.2018.1498223
https://doi.org/10.1080/00324728.2018.1498223
https://doi.org/10.1177/0003122416673598
https://doi.org/10.1177/0003122416673598
https://doi.org/10.1038/nature08230
https://doi.org/10.1038/nature08230
https://doi.org/10.1146/annurev-soc-060116-053442
https://doi.org/10.1146/annurev-soc-060116-053442
https://www.reuters.com/article/china-society-census-fertility-idUSL4N2MY140
https://www.reuters.com/article/china-society-census-fertility-idUSL4N2MY140
https://doi.org/10.1080/12259276.2016.1202027
https://doi.org/10.1080/12259276.2016.1202027
https://doi.org/10.1038/scientificamerican0906-42
https://doi.org/10.1088/1748-9326/12/1/014003

	Global trends in total fertility rate and its relation to national wealth, life expectancy and female education
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Regions and countries
	Data
	Analytical strategies
	Sensitivity analysis

	Results
	Trends of TFR and relevant variables
	Correlations between TFR and relevant variables
	TFR and GDP per capita
	TFR and life expectancy at birth
	TFR and female expected years of schooling
	TFR and HDI

	Discussion
	Conclusions
	Acknowledgements
	References


