
Washington University School of Medicine Washington University School of Medicine 

Digital Commons@Becker Digital Commons@Becker 

Open Access Publications 

1-1-2022 

Salaries, degrees, and babies: Trends in fertility by income and Salaries, degrees, and babies: Trends in fertility by income and 

education among Japanese men and women born education among Japanese men and women born 

1943-1975-Analysis of national surveys 1943-1975-Analysis of national surveys 

Cyrus Ghaznavi 

Haruka Sakamoto 

Lisa Yamasaki 

Shuhei Nomura 

Daisuke Yoneoka 

See next page for additional authors 

Follow this and additional works at: https://digitalcommons.wustl.edu/open_access_pubs 

https://digitalcommons.wustl.edu/
https://digitalcommons.wustl.edu/open_access_pubs
https://digitalcommons.wustl.edu/open_access_pubs?utm_source=digitalcommons.wustl.edu%2Fopen_access_pubs%2F11696&utm_medium=PDF&utm_campaign=PDFCoverPages


Authors Authors 
Cyrus Ghaznavi, Haruka Sakamoto, Lisa Yamasaki, Shuhei Nomura, Daisuke Yoneoka, Kenji Shibuya, and 
Peter Ueda 



RESEARCH ARTICLE

Salaries, degrees, and babies: Trends in

fertility by income and education among

Japanese men and women born 1943–1975—

Analysis of national surveys

Cyrus GhaznaviID
1,2, Haruka Sakamoto1,3,4, Lisa Yamasaki3,5, Shuhei Nomura1,3,4,

Daisuke YoneokaID
1,3,4,6, Kenji Shibuya3,4, Peter UedaID

3,7*

1 Department of Health Policy and Management, School of Medicine, Keio University, Tokyo, Japan,

2 Medical Education Program, Washington University School of Medicine, St. Louis, Missouri, United States

of America, 3 Department of Global Health Policy, Graduate School of Medicine, The University of Tokyo,

Tokyo, Japan, 4 Tokyo Foundation for Policy Research, Tokyo, Japan, 5 School of Medicine, Nagasaki

University, Nagasaki, Japan, 6 Infectious Disease Surveillance Center at the National Institute of Infectious

Diseases, Tokyo, Japan, 7 Clinical Epidemiology Division, Department of Medicine, Solna, Karolinska

Institutet, Stockholm, Sweden (PU)

* peter.ueda@gmail.com

Abstract

Background

While fertility rates have decreased during the second half of the 20th century in Japan, little

is known regarding trends in the number of children that men and women have across birth

cohorts and whether these differ by education and income.

Methods

We used data from four rounds of the National Fertility Survey (1992, 2005, 2010 and 2015)

and included men and women aged 40–49 years (16728 men and 17628 women). By 5-

year birth cohorts, we assessed the distribution of number of children (0, 1, 2 and 3 or more)

and total fertility (the mean number of children) at completed fertility (age 45–49 or 40–44

years depending on birth cohort). We assessed trends in these fertility outcomes in men and

women separately, and by education (no university education; university education) for men

and women and by reported annual income (0 to <3 000 000 JPY; 3 000 000 to <6 000 000

JPY;�6 000 000 JPY) for men.

Results

When comparing those born in 1943–1948 with those born in 1971–1975, the proportion

with no children had increased from 14.3 to 39.9% for men and from 11.6 to 27.6% for

women. This increase coincided with a decrease in the proportions of individuals with 2 or

more children. Total fertility had decreased from 1.92 to 1.17 among men and from 1.96 to

1.42 among women. For men, those with a university degree were more likely to have chil-

dren than those without a university degree in all birth cohorts except 1943–1947. Men with
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higher income were more likely to have children across birth cohorts. While the proportion

who had children had decreased in all income groups, the decrease was steeper among

those in the lowest income group. Among women born 1956–1970, those with a university

degree were less likely to have children than those without a university degree; this differ-

ence was no longer seen among those born 1971–1975. For both men and women, trends

in having children and total fertility across birth cohorts did not differ by educational status.

Conclusions

The decline in the total fertility rate in Japan can be attributed to both an increasing propor-

tion of the population who have no children and a lower number of children among those

who have children. Men with lower education and income were less likely to have children

and the disparity in the number of children that men have by income had increased in more

recent birth cohorts. Among women, higher education was associated with lower fertility,

although this pattern was no longer observed among those born in 1971–1975.

Introduction

In 2020, around 840000 Japanese children were born in Japan, which is the lowest number

recorded since the collection of national fertility data began in 1899. In the same year, the total

fertility rate was 1.36, and the Japanese population is predicted to decrease by one-third by

2060 [1]. While the low birth rates are a central challenge facing the country and numerous

policies have been implemented with the aim to increase fertility [2], important knowledge

gaps remain regarding historical and contemporary fertility outcomes in the Japanese

population.

It is widely known that the total fertility rate, defined as the mean number of children born

per woman in reproductive age, has decreased in the second half of the 20th century after

which it has stabilized at a low level. However, it is unclear whether the decrease was attribut-

able to a larger proportion of the population being childless, a lower number of children being

born to those who have children, or both. Moreover, conflicting hypotheses have been sug-

gested regarding a potential association of socioeconomic status, including education and

income, with fertility. On the one hand, lower income may be associated with lower fertility.

This is because the likelihood of being married or being in a romantic relationship is strongly

correlated with higher income among Japanese men [3–5] and the cost of raising children may

prevent financially strained couples from having the number of children they want [6–8]. On

the other hand, difficulties in combining full-time work with child-rearing is thought to deter

some women, especially those with high education, from having children [6, 7]. Despite being

subject to much speculation, it remains unknown whether the number of children differ across

levels of education and income and how this may have changed across birth cohorts.

In this study, we used data from four rounds of the National Fertility Survey to describe

how the distribution of the number of children and total fertility have changed among individ-

uals born 1943–1975 and whether such trends differ by level of education for men and

women, and income for men. The analysis of income was not performed for women, as the

level of income was reported at the time of survey participation and many Japanese women

work shorter hours or become homemakers after marriage and childbirth [9]. In addition, we
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assessed the association of an expanded set of sociodemographic variables with fertility out-

comes in the youngest birth cohort (1971–1975).

Methods

Data sources

The National Fertility Survey of Japan (described in detail elsewhere [10, 11]) is carried out by

The National Institute of Population and Social Security Research (IPSS), under the Japanese

Ministry of Health, Labour and Welfare, to collect nationally representative data on subjects

related to marriage and childbirth. In each survey, cluster sampling was employed with dis-

tricts in the Population Census of Japan as primary sampling units to conduct two national

sub-surveys: one for married couples in which the wife was aged 16 to<50 years, with the wife

providing information about the husband, and another for unmarried individuals aged 18–49.

A self-administered questionnaire was given to participants during a home visit; upon comple-

tion, the questionnaire was returned in a sealed envelope during a follow-up visit. In the sur-

veys from 1992, 2005, 2010 and 2015, which were used in this study, the valid response rate

ranged between 70.0 and 77.7% (mean 74.6%) among unmarried respondents and 85.7 and

91.1% (mean 87.8%) among married couples.

Data regarding the number of individuals in the Japanese population by age, sex, and mari-

tal status was obtained from the Population Census of Japan (1990–2015) [12]. We used this

information for the calculation of sample weights to account for non-response, as described

below.

Fertility outcomes

We assessed two outcomes aimed at capturing information on completed fertility in each birth

cohort: (1) the distribution of the number of children (with a focus on those with no children,

commonly referred to as childlessness [13–15]) and (2) total fertility (mean total number of

children per individual) [13, 16–20]. A key consideration regarding these fertility outcomes is:

at which age fertility should be regarded as completed, as some women and men have children

later in their life stage. The older the age at which fertility outcomes are assessed, the better

completed fertility is captured, particularly for men. If fertility is assessed at an older age, how-

ever, the more recent birth cohorts would not be included in the analyses. As such, most previ-

ous studies have used fertility outcomes at ages between 40 and 45 in their definitions of

cohort total fertility and childlessness [16, 19, 20]. As we used data from national surveys con-

ducted approximately every 5 years, we needed to include a broader age range in order to cap-

ture the completed fertility for all birth years in the investigated birth cohorts. Against this

background, we decided to use data on fertility outcomes at age 45–49 years and supplemented

this with fertility outcome data from age 40–44 years.

Study population

We used the National Fertility Survey of 1992, 2005, 2010 and 2015. The surveys from 1997

and 2002 were not used because they did not include information regarding the number of

children among unmarried individuals. We assessed fertility outcomes in 5-year birth cohorts

corresponding to the birth years of the participants who were aged 40–44 years or 45–49 years

in each survey round (S1 File [S1 Table]): 1943–1947, 1948–1952, 1956–1960, 1961–1965,

1966–1970 and 1971–1974. Individuals born in 1953–1955 were not included as their data in

the available surveys did not correspond to the assessed age range (S1 File [S1 Table]). Both

unmarried and married participants were asked regarding the number of children in their
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current or previous relationships, as described in the S1 File. We excluded participants with

unknown number of children. The proportion of excluded participants ranged from 1.7% to

2.6% for women and from 1.3% to 6.7% for men (S2 Table in S1 File). The final study popula-

tion included 16 728 men (13 786 married) and 17 628 women (14 896 married); the number

of participants by birth cohort and survey are shown in S1 File (S3 Table). Sample weights

were used to adjust for differential probabilities of non-response, by age, sex, and marital status

and were calculated based on data from the Population Census of Japan, as described in detail

elsewhere [5, 21] and in the S1 File.

Statistical methods

All analyses were performed separately for men and women using Stata version 15.0 (Stata-

Corp LP, College Town, TX). P-values of< 0.05, odds ratio (OR) 95% confidence intervals

that did not include 1 and 95% confidence intervals of coefficients in linear regressions that

did not include 0 were considered as statistically significant. The Regional Ethics Committee

at The University of Tokyo, Japan approved the study.

Trends in number of children and total fertility across birth cohorts. First, we assessed

trends in fertility outcomes across birth cohorts. In each birth cohort separately, we estimated

the distribution of the number of children (0, 1, 2 and 3 or more) and total fertility. In the pri-

mary analyses, we used fertility at age 45–49 years in birth cohorts 1943–1947, 1956–1960,

1961–1965, and 1966–1970 and at age 40–44 years in birth cohorts 1948–1952 and 1971–1975.

We assessed trends in each category of number of children using logistic regression with the

investigated category of number of children as a binary dependent variable (e.g. when assess-

ing trends in the proportion with 0 children, we used an outcome variable for which the value

was set to 1 for those with 0 children and to 0 for the remaining individuals) and birth cohort

as a continuous independent variable (accounting for the irregular time interval between the

5-year birth cohorts as described in the S1 File). We assessed trends in total fertility across

birth cohorts by using linear regression with total fertility as a continuous dependent variable

and birth cohort as a continuous independent variable. To assess whether the results of the pri-

mary analysis would be consistent with those of analyses restricted to fertility outcomes

assessed at age 40–44 or 45–49 years, we also performed two separate analyses for fertility out-

comes registered at each of the two age ranges.

Trends in childlessness and total fertility across birth cohorts by educational status and

income. Next, we assessed trends in fertility outcomes by educational level for men and

women and by annual income for men. We chose to conduct analyses by subgroups based on

these variables because they constitute key socioeconomic indicators and because they have

been correlated with fertility [13, 14, 16–20, 22] and related outcomes [5, 21, 23] in previous

studies. As level of income was reported at the time of survey participation and many Japanese

women work shorter hours or become homemakers after marriage and childbirth [9], we did

not assess this variable for women. Educational status was categorized into university degree

and no university degree. Annual income was categorized into 0 to<3000000 JPY; 3000000 to

<6000000 JPY; and�6000000 JPY. In each birth cohort separately, we described the propor-

tion of men and women by educational status and the proportion of men by income group. In

each birth cohort, we then described the distribution of the number of children and total fertil-

ity by education and income group and assessed differences in the distribution of children

using F statistics for two-way tables and total fertility using the Student’s t-test. In each sub-

group by education and income separately, we examined trends in the proportion with no

children (childlessness) using logistic regression with having no children as a binary depen-

dent variable and birth cohort as a continuous independent variable and trends in total fertility
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using linear regression with total fertility as a continuous dependent variable and birth cohort

as a continuous independent variable. We assessed whether the trends differed between sub-

groups by education and income using an interaction term between birth cohort and subgroup

category.

Association of sociodemographic variables with fertility outcomes in the youngest

birth cohort (1971–1975). Next, we focused on the youngest birth cohorts for which data

were available: those born 1971–1975. By the number of children, we presented detailed pop-

ulation characteristics using variables including education, occupational status, annual

income, hours worked/week, region of residence, and population size/density of residence;

the definitions and categorizations of these variables are shown in S1 File (S4 Table). We

then used logistic regression to estimate age-adjusted odds ratios (aORs) for the association

of the selected variables (independent variables) with childlessness and having 3 or more chil-

dren, respectively.

Results

Trends in number of children and total fertility across birth cohorts

S5 and S6 Tables in the S1 File show the distribution of children and total fertility (mean num-

ber of children) across birth cohorts. Fig 1 shows trends in fertility outcomes across birth

cohorts in the primary analyses. The analyses of trends in the distribution of the number of

children showed that the proportion who were childless had increased from 14.3% among

those born 1943–1947 to 39.9% among those born 1971–1975 for men (OR for change per

5-year birth cohorts 1.26 (95% CI 1.23 to 1.30)) and from 11.6% among those born 1943–1947

to 27.6% among those born 1971–1975 for women (OR for trend 1.23 (95% CI 1.20 to 1.27)).

Moreover, the proportion of men and women with 1 child had increased while the proportion

with 2 and 3 or more children had decreased (Fig 1 and S1 File [S5 Table]). Total fertility had

decreased, from 1.92 (95% CI 1.86 to 1.98) among those born in 1943–1947 to 1.17 (95% CI

1.13 to 1.22) among those born in 1971–1975 for men (change per 5-year birth cohort: -0.14

(95% CI -0.15 to -0.13)) and from 1.96 (95% CI 1.91 to 2.01) among those born in 1943–1947

to 1.42 (95% CI 1.37 to 1.46) among those born in 1971–1975 for women (change per 5-year

birth cohort: -0.10 (95% CI -0.12 to -0.09). Trends in fertility outcomes were similar to those

observed in the primary analyses when restricting the analyses to fertility outcomes assessed at

age 40–44 years and 45–49 years, respectively (S1 File [S5 and S6 Tables]).

Trends in childlessness and total fertility across birth cohorts by

educational status and income

S1 Fig in the S1 File shows the proportion of men and women by educational status and the

proportion of men by annual income in each birth cohort. Fig 2 shows the distribution of

number of children and total fertility across birth cohorts by educational status and income

group for men and Fig 3 shows these fertility outcomes by educational status for women (raw

data in S1 File [S7-S9 Tables]). For men, those with a university degree were more likely to

have children across birth cohorts except the oldest one (1943–1947), although differences in

total fertility were only statistically significant among those born in 1956–1960. In the birth

cohorts 1956–1960, 1961–1965 and 1966–1970, women with a university degree were less

likely to have children and had lower total fertility as compared with those without such a

degree. Among women born in 1943–1947 and 1948–1952 and in the latest birth cohort

(1971–1975), there were no statistically significant differences for these fertility outcomes

between those with and without university education.
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For both men and women, the proportion who did not have any children had increased,

and total fertility had decreased in both education groups, with these trends being similar in

both groups (Figs 2 and 3 and S1 File [S9 Table]).

In the analyses by income group, men with lower income were less likely to have children

as compared with the higher income groups, with this pattern being consistent across birth

cohorts. Similarly, total fertility was consistently higher for the highest income group vs the

lowest. When comparing those who were born in 1943–1947 vs 1971–1975 the proportion

childless had increased from 25.7 to 62.8% and total fertility had decreased from 1.74 to 0.73 in

the lowest income group. The corresponding numbers for the highest income group was 6.9%

vs 20.0% and 2.10 vs 1.60. Accordingly, childlessness had increased more steeply among those

in the lowest income group (OR for trend across birth cohorts 1.32 [9,5% CI 1.23 to 1.43]) as

compared with the highest income group (OR 1.21 [95% CI 1.14 to 1.29], p-value for

Fig 1. Trends in the distribution of number of children and total fertility across birth cohorts.

https://doi.org/10.1371/journal.pone.0266835.g001
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Fig 2. Trends in the distribution of number of children and total fertility across birth cohorts by income group and

education in men.

https://doi.org/10.1371/journal.pone.0266835.g002
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interaction term vs lowest income group 0.044). Similarly, the decrease in total fertility was

more pronounced in the lowest income group as compared to the other income groups.

Association of sociodemographic variables with fertility outcomes in the

youngest birth cohort (1971–1975)

The characteristics of men and women born in 1971–1975 by their number of children are

shown in S1 File (S10 Table), and aORs for the association of these characteristics with the like-

lihood of having no children and having 3 or more children, respectively, are shown in Tables

1 and 2. Among men, the likelihood of having children and having 3 or more children

increased in a stepwise fashion with increasing income. Men who were unemployed and men

who had part-time or temporary employment were less likely to have children and to have 3 or

more children, as compared to men with regular employment. Among women, those who had

regular employment were the least likely to have children and to have 3 or more children.

Women living in cities with over 1000 000 inhabitants were less likely to have children and to

have 3 or more children as compared with women living in non-densely inhabited districts.

Men living in cities with over 1000 000 inhabitants were less likely to have 3 or more children

as compared with men living in non-densely inhabited districts.

Fig 3. Trends in the distribution of number of children and total fertility across birth cohorts by education in women.

https://doi.org/10.1371/journal.pone.0266835.g003
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Discussion

Summary of main findings

In this analysis of nationally representative survey data including men and women born 1943–

1975, we found that the decline in the total fertility rate in Japan could be attributed to both an

increasing proportion of the population who were childless and a lower number of children

among those who had children. Men with higher income had more children across birth

cohorts. While a decline in fertility had occurred in all income groups, it was more pro-

nounced among men with low income. Similarly, men with a university degree were more

likely to have children as compared to those without such a degree in most birth cohorts. Con-

versely, for women born in 1956–1970, those with a university degree vs those without were

Table 1. Association of sociodemographic factors with childlessness (having no children) and having 3 or more

children among men born 1971–1975.

Men (n = 2232)

No children 3 or more children

Row % aOR (95% CI) Row % aOR (95% CI)

Education
No university degree 42.2 Ref. 13.0 Ref.

University degree 35.5 0.75 (0.61 to 0.92) 11.6 0.88 (0.66 to 1.17)

Occupation
Regular employee 34.0 Ref. 13.2 Ref.

Part-time or temporary worker 76.4 6.31 (4.06 to 9.80) 3.2 0.22 (0.07 to 0.64)

Business owner or member of family business 32.8 0.95 (0.67 to 1.33) 16.8 1.33 (0.90 to 1.95)

Unemployed 85.4 11.44 (6.48 to 20.21) 6.1 0.42 (0.20 to 0.89)

Working Hours (per week)
0–40 54.6 Ref. 9.5 Ref.

41–59 37.3 0.49 (0.39 to 0.62) 12.8 1.39 (0.99 to 1.97)

� 60 26.7 0.30 (0.22 to 0.41) 15.8 1.79 (1.23 to 2.62)

Annual Income (10,000 JPY)
0–99 67.6 Ref. 7.2 Ref.

100–299 58.2 0.67 (0.45 to 1.00) 9.7 1.39 (0.73 to 2.64)

300–499 40.2 0.32 (0.23 to 0.45) 10.9 1.58 (0.92 to 2.72)

500–799 29.4 0.20 (0.14 to 0.28) 14.8 2.24 (1.32 to 3.81)

800-more 13.0 0.07 (0.04 to 0.12) 19.6 3.15 (1.72 to 5.79)

Region of Residence
Kanto 57.3 Ref. 6.8 Ref.

Hokkaido 50.9 1.96 (1.14 to 3.38) 8.6 0.58 (0.21 to 1.62)

Tohoku 40.6 1.51 (0.99 to 2.32) 11.1 0.75 (0.38 to 1.49)

Chubu 37.1 0.86 (0.67 to 1.11) 13.2 1.21 (0.85 to 1.73)

Kinki 36.9 0.86 (0.64 to 1.15) 11.6 1.05 (0.69 to 1.59)

Chugoku/Shikoku 38.0 0.90 (0.64 to 1.27) 16.9 1.63 (1.04 to 2.56)

Kyushu/Okinawa 39.5 0.96 (0.68 to 1.34) 16.7 1.60 (1.02 to 2.50)

Population Density of Residence
Non-densely inhabited district 38.8 Ref. 16.4 Ref.

< 200,000 42.7 1.18 (0.90 to 1.53) 11.1 0.63 (0.44 to 0.92)

200,000 to < 1,000,000 37.5 0.95 (0.73 to 1.22) 12.2 0.71 (0.51 to 0.98)

� 1,000,000 41.6 1.12 (0.85 to 1.48) 9.1 0.51 (0.34 to 0.77)

https://doi.org/10.1371/journal.pone.0266835.t001
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less likely to have children and had fewer children; this difference was no longer seen in the

youngest birth cohort (those born 1971–1975).

Findings in relation to previous studies

While studies on the fertility of men are few, low education and income has been strongly asso-

ciated with childlessness among men, with this pattern being consistently observed across pop-

ulations and birth cohorts [16, 18, 22]. A strong association of lower income and education

with a higher likelihood of being childless was seen also among men in our study. Importantly,

while the number of children in our study decreased across income groups, the increase in

childlessness and decline in total fertility was more pronounced among men with lower

income than those with higher income, indicating that the income related disparities in fertil-

ity outcomes has increased in more recent birth cohorts. Moreover, men born in 1971–1975

and who were unemployed or had part-time or temporary employment were more likely to be

childless as compared to those with regular employment. In previous studies, lower income

and precarious employment among men have been strongly associated with a higher likeli-

hood of having no heterosexual experience [21], being single [5] and being unmarried [24].

Given that heterosexual relationships are the most common type of childbearing union and

Table 2. Association of sociodemographic factors with childlessness (having no children) and having 3 or more

children among women born 1971–1975.

Women (n = 2416)

Childlessness 3 or more children

Row % aOR (95% CI) Row % aOR (95% CI)

Education
No university degree 27.4 Ref. 15.1 Ref.

University degree 28.1 1.02 (0.76 to 1.35) 13.0 0.83 (0.59 to 1.18)

Occupation
Regular employee 40.0 Ref. 10.7 Ref.

Part-time or temporary worker 21.3 0.41 (0.31 to 0.53) 17.7 1.80 (1.31 to 2.47)

Business owner or member of family business 17.8 0.32 (0.18 to 0.57) 18.0 1.84 (1.04 to 3.23)

Unemployed 23.4 0.46 (0.34 to 0.62) 13.5 1.30 (0.90 to 1.89)

Working Hours (per week)
0–40 23.7 Ref. 15.9 Ref.

41–59 42.5 2.37 (1.81 to 3.11) 9.4 0.55 (0.37 to 0.80)

� 60 59.2 4.68 (2.26 to 9.68) 8.2 0.47 (0.11 to 1.97)

Region of Residence
Kanto 40.0 Ref. 8.8 Ref.

Hokkaido 21.3 1.46 (0.83 to 2.56) 14.3 0.56 (0.23 to 1.34)

Tohoku 30.9 0.61 (0.36 to 1.02) 14.5 0.99 (0.53 to 1.83)

Chubu 22.9 0.66 (0.49 to 0.89) 14.8 1.02 (0.73 to 1.43)

Kinki 27.8 0.86 (0.63 to 1.17) 13.3 0.90 (0.62 to 1.32)

Chugoku/Shikoku 28.7 0.89 (0.60 to 1.32) 15.0 1.04 (0.64 to 1.68)

Kyushu/Okinawa 25.0 0.74 (0.51 to 1.08) 20.1 1.47 (1.00 to 2.18)

Population Density of Residence
Non-densely inhabited district 22.2 Ref. 21.3 Ref.

< 200,000 29.0 1.43 (1.04 to 1.96) 12.5 0.53 (0.37 to 0.75)

200,000 to < 1,000,000 28.1 1.38 (1.03 to 1.86) 12.3 0.52 (0.38 to 0.72)

� 1,000,000 32.6 1.69 (1.23 to 2.31) 12.0 0.50 (0.35 to 0.72)

https://doi.org/10.1371/journal.pone.0266835.t002
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over 95% of the children are born to married couples in Japan, the association between lower

income and lower fertility in our study may not be surprising [25]. It is possible that outcomes

in the labor market, marriage market and fertility outcomes have common determinants such

as personality, values, and health status, and the associations may not represent causality.

Nonetheless, the association could potentially also be partly explained by the strong appeal of

male socioeconomic status in the Japanese marriage market [26] in combination with the

decline in stable employment opportunities over the past decades. In addition, high costs of

childrearing may deter some couples with lower income from having their preferred number

of children [6–8]. In accordance with this hypothesis, the proportion of men born in 1971–

1975 who had 3 or more children increased in a stepwise fashion with increasing income.

Several studies in Europe and the US have assessed fertility by the level of education among

women [13, 14, 16–19]. This area of research has received much attention, as the increasing

number of women with a higher education may have implications for marriage market

dynamics [27] and choices regarding family formation [6, 19]. In most European countries

and the US, women with lower education tend to be the least likely to be childless at age 40

and have the highest number of children, with fertility decreasing with higher educational

level. However, the educational gap in fertility has decreased during the past decades and in

the Scandinavian countries, the lowest educated women are now more likely to be childless at

age 40 than those with more education [16]. As such, in the Scandinavian countries, low edu-

cation is associated with lower fertility not only among men but also among women, indicating

that the social inequality in childbearing, which has long been observed for men, now also

applies to women. It has been hypothesized that higher earning potential (as indicated by

higher education) is needed to sustain a family and that the difficulties in reconciling a career

with family formation for women has been overcome in these countries [16]. Moreover, stud-

ies indicate that mate preferences of men and women are converging and that economic pros-

pects and education are increasingly important partner search criteria also for men [26, 28]. In

our study, Japanese women born between 1956 and 1970 who had a university degree were

consistently more likely to be childless and had fewer children than those without a university

degree. However, in the most recent birth cohort assessed (those born 1971–1975), women

with a university degree had similar levels of childlessness and number of children as those

without. Future studies are needed to assess whether this finding persists in younger birth

cohorts and whether a trend towards a reversal of the educational gap in female fertility will

also be observed in Japan.

In the analysis of the youngest birth cohort (1971–1975), we found that women who lived

in larger cities were the least likely to have children and to have 3 or more children. These find-

ings are in line with studies from other parts of the world and could possibly be explained by

both selective migration (individuals who have less children are more likely to move to urban

areas) and contextual factors (the effect of the immediate living environment) [29].

Limitations

Our study has a few limitations. First, as data on fertility outcomes and socioeconomic vari-

ables were self-reported, findings may have been affected by social desirability bias [30]; the

risk of such a bias, however, may have been mitigated by the survey’s use of self-administered

questionnaires [31]. Moreover, the estimates for total fertility in our study was similar to those

calculated using nationwide vital statistics data [32]; this indicates that the validity of the fertil-

ity outcome data used in our study is high. Second, although the response rate in the National

Fertility Survey was high (70.0–77.7% among unmarried individuals and 85.7–91.1% among

married couples) and the sample was weighted so that it was representative of the Japanese
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population in terms of sex, age, and marital status, non-response might have introduced bias

in our results. Third, data on income before study participants had children were not available.

As indicated by the association of having regular employment with a lower likelihood of hav-

ing children among women born 1971–1975, many women with regular employment before

childbirth start working part-time or become homemakers after they have children [9]. There-

fore, we did not assess the association of income with fertility outcomes among women.

Finally, in accordance with previous studies, we assessed fertility outcomes at age 40–44 years

or 45–49 years. As some individuals, in particular men, may go on to have more children later

in life, our analyses may not have included all children to individuals in the investigated birth

cohorts. In our study, fertility outcome data were available at age 40–44 and 45–49 for two of

the birth cohorts (1961–1965 and 1966–1970): for women, fertility outcomes were largely simi-

lar at both age ranges while for men born 1961–1965, childlessness was less common (30.6% vs

35.3%) in the older age range. The age of having children has increased during the past decades

in Japan and an increasing proportion of the children born in Japan have parents in their 40s

[33]; future studies are needed to assess fertility outcomes throughout the life course.

Conclusions

We found that lower education and income were associated with a higher likelihood of being

childless and having fewer children among men in Japan and that the disparity in fertility by

income had increased in more recent birth cohorts. Among women, higher education was

associated with lower fertility, although this pattern was no longer observed among those born

in 1971–1975.
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trian Academy of Sciences (ÖAW), Vienna Institute of Demography (VID), Vienna. 2015.

14. Tanturri ML, Mills M, Rotkirch A, et al. State-of-the-art report Childlessness in Europe Changing families

and sustainable societies: Policy contexts and diversity over the life course and across generations.

Fam Soc 2015; 32.http://www.familiesandsocieties.eu/wp-content/uploads/2015/03/

WP32TanturriEtAl2015.pdf.

15. Hoem JM, Neyer G, Andersson G. Education and childlessness: The relationship between educational

field, educational level, and childlessness among Swedish women born in 1955–59. Demogr Res 2006;

14:331–80. https://doi.org/10.4054/DemRes.2006.14.15

16. Jalovaara M, Neyer G, Andersson G, et al. Education, Gender, and Cohort Fertility in the Nordic Coun-

tries. Eur J Popul 2019; 35:563–86. https://doi.org/10.1007/s10680-018-9492-2 PMID: 31372105

17. Wood J, Neels K, Kil T. The educational gradient of childlessness and cohort parity progression in 14

low fertility countries. Demogr Res 2014; 31:1365–416. https://doi.org/10.4054/DemRes.2014.31.46

18. Miettinen A, Rotkirch A, Szalma I, et al. Increasing childlessness in Europe: time trends and country dif-

ferences. Fam Soc Work Pap Ser Published Online First: 2015.http://www.familiesandsocieties.eu/wp-

content/uploads/2015/03/WP33MiettinenEtAl2015.pdf (accessed 27 Feb 2019).

19. Hazan M, Zoabi H. Do highly educated women choose smaller families? Econ J 2014; 125:1191–226.

https://doi.org/10.1111/ecoj.12148

20. Chudnovskaya M. Trends in Childlessness Among Highly Educated Men in Sweden. Eur J Popul 2019;

35:939–58. https://doi.org/10.1007/s10680-018-9511-3 PMID: 31832031

21. Ghaznavi C, Sakamoto H, Yoneoka D, et al. Trends in heterosexual inexperience among young adults

in Japan: analysis of national surveys, 1987–2015. BMC Public Health 2019; 19:355. https://doi.org/10.

1186/s12889-019-6677-5 PMID: 30955502

22. Hopcroft RL. Number of Childbearing Partners, Status, and the Fertility of Men and Women in the U.S.

Front Sociol 2018; 3:1–9. https://doi.org/10.3389/fsoc.2018.00022

PLOS ONE Fertility outcomes by birth cohort, education and income in Japan

PLOS ONE | https://doi.org/10.1371/journal.pone.0266835 April 27, 2022 13 / 14

http://www.ipss.go.jp/index-e.asp
https://doi.org/10.1093/ssjj/jyz046
https://doi.org/10.1177/000312240507000504
https://doi.org/10.1177/000312240507000504
http://www8.cao.go.jp/shoushi/shoushika/whitepaper/measures/english/w-2013/index.html
http://www8.cao.go.jp/shoushi/shoushika/whitepaper/measures/english/w-2013/index.html
https://doi.org/10.1371/journal.pone.0241571
https://doi.org/10.1371/journal.pone.0241571
http://www.ncbi.nlm.nih.gov/pubmed/33166316
https://doi.org/10.1007/s10887-018-9160-8
https://doi.org/10.1108/IJDI-06-2017-0106
https://doi.org/10.1265/jjh.73.305
http://www.ncbi.nlm.nih.gov/pubmed/30270298
http://www.mhlw.go.jp/toukei/index.html
http://www.ipss.go.jp/ps-doukou/j/doukou15/doukou15_gaiyo.asp
https://www.mhlw.go.jp/toukei/list/118-1.html
https://www.mhlw.go.jp/toukei/list/118-1.html
http://www.stat.go.jp/english/data/kokusei/index.html
http://www.familiesandsocieties.eu/wp-content/uploads/2015/03/WP32TanturriEtAl2015.pdf
http://www.familiesandsocieties.eu/wp-content/uploads/2015/03/WP32TanturriEtAl2015.pdf
https://doi.org/10.4054/DemRes.2006.14.15
https://doi.org/10.1007/s10680-018-9492-2
http://www.ncbi.nlm.nih.gov/pubmed/31372105
https://doi.org/10.4054/DemRes.2014.31.46
http://www.familiesandsocieties.eu/wp-content/uploads/2015/03/WP33MiettinenEtAl2015.pdf
http://www.familiesandsocieties.eu/wp-content/uploads/2015/03/WP33MiettinenEtAl2015.pdf
https://doi.org/10.1111/ecoj.12148
https://doi.org/10.1007/s10680-018-9511-3
http://www.ncbi.nlm.nih.gov/pubmed/31832031
https://doi.org/10.1186/s12889-019-6677-5
https://doi.org/10.1186/s12889-019-6677-5
http://www.ncbi.nlm.nih.gov/pubmed/30955502
https://doi.org/10.3389/fsoc.2018.00022
https://doi.org/10.1371/journal.pone.0266835


23. Ueda P, Mercer CH, Ghaznavi C, et al. Trends in Frequency of Sexual Activity and Number of Sexual

Partners Among Adults Aged 18 to 44 Years in the US, 2000–2018. JAMA Netw Open 2020; 3:

e203833. https://doi.org/10.1001/jamanetworkopen.2020.3833 PMID: 32530470

24. Cabinet Office; Government of Japan. Survey on Marriage and Family Formation. 2014. http://www8.

cao.go.jp/shoushi/shoushika/research/h26/zentai-pdf/index.html (accessed 14 Jul 2018).

25. Raymo JM, Uchikoshi F, Yoda S. Marriage intentions, desires, and pathways to later and less marriage

in Japan. Demogr Res 2021; 44:67–98. https://doi.org/10.4054/demres.2021.44.3 PMID: 34054337

26. Brinton MC, Mun E, Hertog E. Singlehood in contemporary Japan: Rating, dating, and waiting for a

good match. Demogr Res 2021; 44:239–76. https://doi.org/10.4054/demres.2021.44.10 PMID:

34093081

27. Lichter DT, Price JP, Swigert JM. Mismatches in the Marriage Market. J Marriage Fam 2020; 82:796–

809. https://doi.org/10.1111/jomf.12603

28. Van Bavel J, Schwartz CR, Esteve A. The Reversal of the Gender Gap in Education and Its Conse-

quences for Family Life. Annu Rev Sociol 2018; 44:341–60. https://doi.org/10.1146/annurev-soc-

073117-041215

29. Kulu H. Why Do Fertility Levels Vary between Urban and Rural Areas? Reg Stud 2013; 47:895–912.

https://doi.org/10.1080/00343404.2011.581276

30. Fenton KA. Measuring sexual behaviour: methodological challenges in survey research. Sex Transm

Infect 2001; 77:84–92. https://doi.org/10.1136/sti.77.2.84 PMID: 11287683

31. Gribble JN, Miller HG, Rogers SM, et al. Interview mode and measurement of sexual behaviors: Meth-

odological issues. J Sex Res 1999; 36:16–24. https://doi.org/10.1080/00224499909551963 PMID:

23226876

32. National Institute of Population and Social Security Research. Population statistics—birth rates by wom-

en’s birth cohort 1950–2015 [in Japanese]. 2021.

33. Ministry of Health Labour and Welfare; Japan. Jinko dotai chosa [Demographic Survey]. https://www.

mhlw.go.jp/toukei/list/81-1a.html (accessed 2 Jan 2020).

PLOS ONE Fertility outcomes by birth cohort, education and income in Japan

PLOS ONE | https://doi.org/10.1371/journal.pone.0266835 April 27, 2022 14 / 14

https://doi.org/10.1001/jamanetworkopen.2020.3833
http://www.ncbi.nlm.nih.gov/pubmed/32530470
http://www8.cao.go.jp/shoushi/shoushika/research/h26/zentai-pdf/index.html
http://www8.cao.go.jp/shoushi/shoushika/research/h26/zentai-pdf/index.html
https://doi.org/10.4054/demres.2021.44.3
http://www.ncbi.nlm.nih.gov/pubmed/34054337
https://doi.org/10.4054/demres.2021.44.10
http://www.ncbi.nlm.nih.gov/pubmed/34093081
https://doi.org/10.1111/jomf.12603
https://doi.org/10.1146/annurev-soc-073117-041215
https://doi.org/10.1146/annurev-soc-073117-041215
https://doi.org/10.1080/00343404.2011.581276
https://doi.org/10.1136/sti.77.2.84
http://www.ncbi.nlm.nih.gov/pubmed/11287683
https://doi.org/10.1080/00224499909551963
http://www.ncbi.nlm.nih.gov/pubmed/23226876
https://www.mhlw.go.jp/toukei/list/81-1a.html
https://www.mhlw.go.jp/toukei/list/81-1a.html
https://doi.org/10.1371/journal.pone.0266835

	Salaries, degrees, and babies: Trends in fertility by income and education among Japanese men and women born 1943-1975-Analysis of national surveys
	Authors

	Salaries, degrees, and babies: Trends in fertility by income and education among Japanese men and women born 1943–1975—Analysis of national surveys

