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Fertility resilience varies by socioeconomic
status and sex: Historical trends
in childlessness across 150 years

Milla Salonen,1,3,* Mirkka Lahdenperä,1 Anna Rotkirch,2 and Virpi Lummaa1
SUMMARY

Fertility dynamics are key drivers of demographic change in a population. Fertility resilience is likely to
vary by socioeconomic class, yet little investigated. Using a unique dataset tracking the reproduction
of family lineages for 150 years, we explored childlessness by socioeconomic status and sex during the
demographic transition and recurring societal and economic disturbances in Finland. Lifetime childless-
ness doubled from the 1800 birth cohort to the 1945–1949 cohort. Higher socioeconomic status (SES) indi-
cated higher lifetime likelihood to reproduce. The fluctuations in childlessness over time appeared to be
driven by the low socioeconomic group, showing low fertility resilience. In contrast, a steady increase was
seen in high and moderate SES. Our findings suggest that the family formation of lower socioeconomic
groups suffers the most during crises and does not necessarily recuperate. Preventing inequalities in fam-
ily formation and reproduction should be recognized as a key challenge for population resilience to crises.

INTRODUCTION

Large societal crises such as famine, war, and disease tend to disrupt population dynamics. The ability of populations or subpopulations to

resist, adapt to, and recover from crises that alter the demographic structure can be called demographic resilience.1 After a disturbance, resil-

ient populations react less and are quicker to revert to the original stable state. An intense disturbance can also push a population over a

tipping point, resulting in the population adopting a new stable state instead of reverting to the original level.1 In humans, demographic re-

silience additionally encompasses institutional settings and policy measures which may both instigate or prevent and mitigate crises.2

One important part of demographic resilience is fertility resilience, or stability of fertility dynamics during disturbances. Fertility resilience

has only recently emerged as a concept in the human sciences.3 The most extreme end of disrupted fertility dynamics is childlessness. Yet,

although childbearing and especially failure to reproduce are key drivers of demographic change, we lack studies of how resilient the fertility

of different subgroups in a population is in response to crises over larger time spans.We define here fertility resilience as stability of birth rates

during times of crises, or a quick recovery to pre-crises fertility trends. A key dimension of fertility resilience is the likelihood to reproduce at all,

measured as lifetime childlessness. Understanding individual differences stemming, for example, from socioeconomic disadvantage, is vital

to grasp the drivers of such fertility resilience. However, existing research on socioeconomic gradients in reproduction has tended to focus

either on specific crises or on the long haul of the demographic transition, rarely combining both.

Fertility dynamics are affected by both long-term trends and societal disturbances. Birth rates have steadily decreased in most countries

during the gradual spread of the demographic transition, or the shift from highmortality and fertility to lowmortality and fertility4 that started

in Western Europe at the beginning of the 19th century.5,6 Based on an increase in association between fertility rate and childlessness, child-

lessness is becoming an increasingly important component of low fertility.7Western European countries and the United States have exhibited

similar historical trends in childlessness.8–10 In these countries, the proportion of lifetime-childless women in the early 19th century birth co-

horts was 15–20 percent, followed by a subsequent increase to 20–30 percent in childlessness until the 1905–1910 birth cohorts; male child-

lessness has been much less studied (but see Rotkirch at al.11 for trends between 1930 and 1979). After this, childlessness decreased and was

at its lowest, 5–15 percent in the 1930–1940 birth cohorts before rapidly increasing again in many Western countries and reaching 12–23

percent in the 1960 birth cohort with the increase expected to continue.8–10 Many reasons have been implicated for fertility decline and

increasing proportions of childlessness, including, for example, the demographic transition, wars, economic hardships, urbanization, changes

in the prevalence of marriage and age of marrying, and social acceptance of birth control and childlessness.9,10,12,13 For example, after the

Second World War, earlier marriage underlay the temporal decrease in childlessness.12,13 Thus, various obstructions to entering a union,

which in Europe historically often occurred around peak fecundity or age 25, can strongly influence failure to reproduce.9,10 Within marriage,

possible reasons for remaining childless include, for example, biological infertility, postponing childbearing to less-fertile later ages, and birth
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control.9,10 The demographic transition and societalmodernization brought a shift from controlling age at first birth bymarriage to controlling

it within marriage via birth control.

In addition to the centuries-long demographic transition, abrupt social crises may influence childlessness and test fertility resilience.

Notably, the FirstWorldWar and theGreat Depression were implicated in the increase in lifetime childlessness in the 1890–1900 birth cohorts

in manyWestern European countries and the United States, through death of potential and current husbands in the army and postponement

of childbearing due to economic hardships.8,9 The aftermath of the Second World War, by contrast, witnessed an uptick of fertility rates and

lower proportions of childlessness during the baby booms inmany countries experiencing rapid economic growth.12 Inmore recent times, the

onset of the COVID-19 pandemic caused a quick drop in birth rates in themost affected countries, but a rapid increase in others, followed by a

return to pre-crises trends in most cases.3,14 It is important to note that both a sudden growth and decrease in birth rates can challenge de-

mographic resilience and sustainable population dynamics.15 Currently, as global fertility continues to decline at an unexpected pace,16 while

different societal crises caused by both technological change and climate crises are likely to multiply and escalate, the question of fertility

resilience is increasingly topical.

Both the long-termdemographic transition and abrupt social crises are likely to affect different subgroups of a population differently. Fam-

ines and wars are known to cause higher mortality among males and among the poor.17,18 Trends in childlessness can also vary by both sex

and socioeconomic status (SES). While children have historically been born predominantly in wedlock, trends in childlessness can differ be-

tween men and women through differences in mortality as well as in the likelihood to marry and remarry. In most known societies, men have

higher reproductive variance and higher proportions of childlessness compared to women.19,20 SES can influence childlessness in opposite

ways: on the one hand, individuals with low SES may have poorer health and lower chance to marry, but, on the other hand, individuals with

high SES may have had better access to fertility control.9,10,21,22 Before the demographic transition, wealthier families commonly had more

children than poor families.23 As the shift to longer life expectancy and lower fertility unfolded, the relationship often reversed, so that espe-

cially women of lower SES had more children compared to women with higher SES during the 20th century.24 Currently, as the demographic

transition draws to a close, the socioeconomic gradient appears to be turning positive once again in many countries. For instance, in some

Nordic countries, high education is currently associated with higher cohort fertility among both sexes, and also elsewhere childlessness is

increasing amongmen and women with low education.25 Fertility decline globally is related especially to postponement of parenting to later

ages and increases in lifetime childlessness. This stresses the need for longitudinal studies examining the differences in fertility resilience be-

tween SES groups in response to crises and hardships.

In this study, we investigate how fertility resilience differs between SES groups and by sex. We explore fertility resilience by examining the

historical trends and variation in childlessness in Finland, a country that has one of the world’s longest continuous registry data spanning from

the early 18th century onwards. These registers were maintained by the Lutheran Church and include the births, deaths, occupations, and

marriages, allowing us to construct the whole life course of individuals and spanning several family generations. Our study period covers

the lifetime reproduction of birth cohorts between 1800 and 1950. At the beginning of this period, Finland was part of Sweden, but annexed

by Russia in 1809 after the Finnish War 1808–1809. The Finnish War increased mortality among young men and may have influenced child-

bearing of young adults born before our study period. In 1832–1833, crop failures and epidemics of dysentery and typhoid increasedmortality

in Finland.26 This crisis may have influenced the fertility of both those who were young children at the time and young adults, born in 1805–

1815. In 1866 to 1868, Finland experienced the worst famine since the 17th century. An estimated 150,000 people died due to starvation and

infectious diseases. Mortality was high especially among the poor. Again, this crisis may potentially influence the fertility in those who were

young children or born during the famine, and of young adults born in 1840–1850.

Finland remained as an autonomous Grand Duchy of Tsarist Russia until its declaration of independence in 1917. Finland did not take part

in the World War I (WWI), but in 1918 the Finnish Civil War took place, resulting in excess deaths in men. The Civil War could influence the

childbearing of especially youngwomenborn at around 1890–1900. TheCivilWar was followedby the Spanish flu epidemic between 1918 and

1920, which resulted in excess deaths especially in the adult population and could influence fertility in both young adults (born at around

1895–1905) and children (born 1915–1920). World War II (WWII) would likely influence childbearing of young adults (born at and after 1925).

Industrialization and the demographic transition began in Finland comparatively late for Europe, in the 1870s.27–29 During nearly the whole

study period Finland was mostly an agrarian society: as late as in the 1950s, nearly half of the population still received their income from agri-

culture.30 Overall, the study period and population offer outstanding opportunities to address how repeated social crises of different types

affect fertility resilience over a long period of time. Based on earlier studies we expect the lower SES groups to show more variation in child-

lessness over time, indicating poor resilience. Based on studies that have revealed higher reproductive variance and childlessness in men,19,20

we also expect childlessness to be more common in men than women. Finally, we expect that trends in childlessness are linked to trends in

marriage and family size, as childlessness may result from difficulty finding a spouse or fertility control within marriage.8–10,12,13
RESULTS

We studied lifetime childlessness of individuals born between 1800 and 1950. During these 150 years, Finland underwent the demographic

transition from high mortality and fertility to low mortality and fertility as revealed from the crude birth and death rates and encountered

several societal crises (Figure 1).26 A Similar change was reflected in the total fertility rate and life expectancy at birth: until 1900, the total

fertility rate stayed at around 4.8 children per woman, after which it started to decrease and dropped permanently below two in 1970.31

At the start of the study period, life expectancy at birth was 30.4 years for men and 33.2 years for women.32 In contrast, at the end of the study

period in 1950, life expectancy at birth had nearly doubled, being 58.4 years for men and 65.8 years for women.32
2 iScience 27, 110227, July 19, 2024
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Figure 1. Birth and death rates in Finland, 1800–1995

Crude birth rate in black and crude death rate in red per 1,000 people. Demographic transition in gray area. Data from Statistics Finland34,61 and information of

crises from Turpeinen 1975.26
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Historical trends in lifetime childlessness

We assessed lifetime childlessness among individuals that survived until 45 years of age andwhose entire life history was known,meaning that

we had records of all their children. Individuals that did not have a record of any children were considered childless. Some individuals had

missing information in, for example, SES, and, thus, the sample size varied between 14,408 and 17,569 (Table S1). We fitted generalized ad-

ditive models (GAMs) to evaluate the significance of temporal trends. A large chi-squared statistic and a small p value indicate that childless-

ness (or underlying factors) increased, decreased, or fluctuated in time. The effective degrees of freedom (df) (edf) reflect the degree of non-

linearity, with edf >2 indicating strong non-linearity in the trend.

Across the 150-year study period, themean proportion of lifetime-childless individuals (having survived until 45 years of age and not being

registered as the parent of any child) was 14.6 percent of the total sample, but there is strong temporal variation in childlessness (c2 = 257.5,

ref.df = 299, edf = 8.161, p < 2e-16; ref.df = reference degrees of freedom used in statistical inference). The proportion of childless individuals

stayed relatively low, around 10%, until the birth cohort of 1850. Lifetime childlessness increased thereafter, peaking in the 1890 birth cohort.

At the start of the 20th century, the proportions of men and women who had no children decreased until the cohorts of the 1930s, after which

lifetime childlessness again steadily increased until the end of the study period (Figure 2).

Menwere slightly more often childless than women: overall 15.2% of menwere childless compared to 14.1% of women.Women had stron-

ger temporal trends (c2 = 164.50, ref.df = 299, edf = 8.375, p < 2e-16; Figure 2A) than men, who showed a nearly steady increase in child-

lessness throughout the study period, with only a weak increase in men born in the 1890s and a weak decrease until the cohorts born in

the 1930s (c2 = 104.10, ref.df = 299, edf = 5.17, p < 2e-16; Figure 2B). However, the difference in the shape of the trend did not significantly

differ by sex (c2 = 6.764, ref.df = 299, edf = 3.641, p = 0.0916).

Historical trends of childlessness by SES

As predicted, we detected notable differences in fertility resilience during crises when comparing socioeconomic groups. Our results indicate

the highest fertility resilience among landowners and those with socially highly ranked professions, but significant disturbances in fertility dur-

ing crises among the lowest socioeconomic group as highlighted by the differences in trends in childlessness. High SES includes landowners,

clergy, and noblemen in historical times and highly educated individuals in modern times. Moderate SES includes, for example, tenant

farmers and craftsmen. Low SES consists of servants, dependent lodgers, less educated, and unemployed. Childlessness was more likely

in low-SES groups than in high-SES groups: of those with high SES, 8.2 percent were lifetime childless compared to 10.2 percent childless

of those with moderate SES and 19.8 percent of those with low SES. In the high-SES group, lifetime childlessness steadily and moderately

increased until the end of the study period (c2 = 28.56, ref.df = 292, edf = 3.54, p = 1.97e-6). In the moderate SES-group, the proportion

of lifetime-childless individuals peaked among those born at the end of the 18th century and only weakly decreased after that (c2 = 82.07,

ref.df = 299, edf = 4.314, p < 2e-16). In the low-SES group, the proportion of childless individuals was much higher compared to those

with high and moderate SES and also exhibited larger temporal fluctuations (c2 = 40.59, ref.df = 299, edf = 7.618, p = 4.87e-6). When

comparing the trends between SES groups with the high-SES group as the reference, the trend of the moderate-SES group did not signif-

icantly differ from the trend of the high-SES group (c2 = 0.696, ref.df = 182, edf = 1.437, p = 0.624), but the low-SES group strongly differed

from the high-SES group by showing a considerably more non-linear trend (c2 = 24.918, ref.df = 299, edf = 6.741, p = 0.000119).

The trends among women and men were highly similar in different socioeconomic groups. Among those with high SES, 7.5% of

women and 9% of men never reproduced and lifetime childlessness slightly increased toward the end of the study period
iScience 27, 110227, July 19, 2024 3
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Figure 2. Historical trends of lifetime childlessness by sex

Proportions of (A) women and (B) men lifetime childless. The x axis denotes the year of birth. The line is a smoothed conditional line with 95% confidence limits

indicated by the gray area. Points indicate the mean childlessness in 5-year birth cohorts. NA = 9,154 and NB = 8,415.
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(women: c2 = 16.38, ref.df = 278, edf = 3.237, p = 0.000547, Figure 3A; men: c2 = 18.31, ref.df = 256, edf = 2.834, p = 0.00036; Figure 3B).

Among those with moderate SES, 10.1% of women and 10.3% of men did not reproduce and lifetime childlessness followed a similar trend

with a nearly linear increase but a slight bump in the 1890–1900 birth cohorts (women: c2 = 45.45, ref.df = 295, edf = 3.703, p < 2e-16, Fig-

ure 3C; men: c2 = 36.00, ref.df = 286, edf = 2.994, p < 2e-16; Figure 3D). Low-SES men weremore often childless than low-SES women: 23.2%

and 16.8%, respectively. In the low-SES group, trends in both male and female childless fluctuated largely during the study period (women:

c2 = 27.66, ref.df = 299, edf = 6.91, p = 7.85e-5, Figure 3E; men: c2 = 25.18, ref.df = 299, edf = 5.936, p = 0.000105; Figure 3F), although male

childlessness peaked earlier than female, in the 1880–1890 birth cohorts.
Socioeconomic differences in trends of marrying and childlessness in marriage

In total, 92.1% of both women andmen that survived to age 45married at least once. Temporal trends of childlessness emerged in individuals

that married at least once (c2 = 64.05, ref.df = 299, edf = 4.494, p < 2e-16). The proportion of lifetime childless amongmarried individuals was

much lower than in the whole study population (Figure S3A), although the time trends of childlessness were similar, if less pronounced, in

marriage (Figure S3). These trends emerged both in women (c2 = 38.00, ref.df = 299, edf = 4.693, p < 2e-16; Figure S3B) and in men

(c2 = 26.75, ref.df = 277, edf = 2.644, p = 1.07e-06; Figure S3C), although in men it was nearly linear. Trends of marriage and childlessness

in marriage varied by SES (Figure 4). Only 1.7% of the high-SES group never married, whereas 3.0% of the moderate-SES group and 13.3% of

the low-SES group never married. In wedlock, lifetime childlessness was most common in the low-SES group: 6.7% of those with high SES,

7.7% of those with moderate SES, and 12.0% of individuals with low SES never reproduced. The high- andmoderate-SES groups experienced

a permanent decrease in marriage rates around the 1890 birth cohort, whereas themarriage rate among those with low SES increased rapidly

from the 1890 birth cohorts.
4 iScience 27, 110227, July 19, 2024
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Figure 3. Historical trends of lifetime childlessness by sex and socioeconomic status (SES)

Proportion of (A) high-SES women, (B) high-SES men, (C) moderate-SES women, (D) moderate-SES men, (E) low-SES women, and (F) low-SES men who are

lifetime childless. The x axis denotes the year of birth. The line is a smoothed conditional line with 95% confidence limits indicated by the gray area. Points

indicate the mean childlessness in 5-year birth cohorts. NA = 2,573, NB = 2,562, Nc = 3,436, ND = 3,220, NE = 2,153, and NF = 1,850.
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Socioeconomic differences in fertility resilience

Fertility resilience fluctuated most over time in the low-SES group (Figures 3 and 4). Using the high-SES group as a baseline, we further explored

these differences by calculating and plotting risk ratios of childlessness and evermarrying among thosewith low andmoderate SES compared to

high SES (Figure 5). The risk ratio of the low-SES group in comparison to the high-SES group for lifetime childlessness had a mean of 2.44 (SD =

0.96) but highly fluctuated over time, varying between 1.03 and 4.66. The risk ratio of the moderate-SES group was, on average, 1.29 (SD = 0.65)

and fluctuated between 0.32 and 3.40. The risk ratio for ever marrying in the low-SES group in comparison to the high-SES group had a mean of

0.89 (SD= 0.058) and varied between 0.79 and 1.01. The risk ratio for evermarrying in themoderate-SES groupwas, on average, 0.99 (SD= 0.020)

and varied between 0.93 and 1.02. The risk ratios of both the moderate- and low-SES groups compared with the high-SES group converged to

near 1 in the latest birth cohorts, indicating an equal likelihood of lifetime childlessness and marrying in these cohorts.
iScience 27, 110227, July 19, 2024 5
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Figure 4. Historical trends of marriage and childlessness in wedlock by socioeconomic status (SES)

Proportion of (A) high-SES ever married, (B) high-SES childless in marriage, (C) moderate-SES ever married, (D) moderate-SES childless in marriage, (E) low-SES

ever married, and (F) low-SES childless in marriage. The x axis denotes the year of birth. The line is a smoothed conditional line with 95% confidence limits

indicated by the gray area. Points indicate the mean proportion of ever married and childless in 5-year birth cohorts. NA = 5,135, NB = 5,047, Nc = 6,656,

ND = 6,457, NE = 4,003, and NF = 3,471.
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Additional results

Historical trends in possible underlying factors

Several factors appeared to underlie the observed temporal patterns of childlessness. First, the mean number of children among those who

reproduced per 5-year birth cohort was highly negatively correlated with the mean proportion of childless per 5-year birth cohort (r =�0.674,

df = 28, p= 4.503e-05; Figure S1A). Second, themean proportion of evermarried per 5-year birth cohort was highly negatively correlated with

the mean proportion of lifetime-childless individuals (r =�0.934, df = 28, p = 4.613e-14, Figure S1B). Third, the mean age at first marriage per

5-year birth cohort was not overall associated with the mean proportion of childless individuals (r = 0.187, df = 28, p = 0.3214) but correlated
6 iScience 27, 110227, July 19, 2024
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Figure 5. Risk ratios of childlessness and ever marrying comparing low and moderate SES to high SES

Risk ratio of (A) childlessness and (B) ever marrying. The x axis denotes the year of birth. The spacing of ticks on the y axis is on a log2 scale. Colored line indicates

the risk ratio in 5-year birth cohorts. The gray line is the baseline (high SES).
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positively in birth cohorts 1800–1930 (r = 0.436, df = 25, p= 0.02297, Figure S1C). Fourth, the proportion of SES groups in our sample changed

during the study period, with the share of the high-SES group decreasing from 45% in the 1800 birth cohort to 23% in 1945 birth cohort. The

mean proportion of lifetime childless per 5-year birth cohort was negatively correlated with the mean proportion of individuals with high SES

(r = �0.568, df = 28, p = 0.001054) and positively correlated with the mean proportion of individuals with moderate SES (r = 0.478, df = 28,

p = 0.007489, Figure S1D).

Historical trends of childlessness in different regions of Finland

In total, 15% were childless in northern and eastern Finland, 12% in central Finland, and 16.5% in southwest Finland. In northern and eastern

Finland, childlessness slightly increased during the study period (c2 = 11.16, ref.df = 297, edf = 4.672, p = 0.0271; Figure S2A). In central and

southwestern Finland, the temporal trends followed a similar pattern, but, in southwestern Finland, childlessness increased more and the

peak occurred earlier than in central Finland (central: c2 = 92.39, ref.df = 299, edf = 6.64, p < 2e-16, Figure S2B; southwest: c2 = 178.3,

ref.df = 299, edf = 6.386, p < 2e-16; Figure S2C).
DISCUSSION

Major social crises can affect reproduction and resilience in childbearing behavior—what we here call fertility resilience. Fertility resilience

shapes the future of individuals, families, lineages, and populations. Becoming a parent is one of the key indicators of fertility behavior overall,

and the relative contribution of childlessness to fertility rates often grows as fertility declines.7

We investigated for the first time how fertility resilience varied within a population across a 150-year period of gradual societal change and

demographic transition. The study followed trends in Finland from a time filled with socioeconomic crises, notably the Finnish famine of 1866–

1868 and the Finnish Civil War and Spanish flu epidemic of 1918–1920. We focused on trends in childlessness, here defined as failure to

become a parent among those who lived until 45 years of age. Using unique, individual-level data in a large sample of Finnish kin lineages

including people born between 1800 and 1950, we explored how rates of lifetime childlessness varied by birth cohort, sex, and SES and exam-

ined underlying factors. Results indicate that social standing highly influences trends in childlessness, as low SES was linked to a higher likeli-

hood of childlessness and larger fluctuations in time. Our hypothesis of lower fertility resilience among low-SES individuals was thus

confirmed. Indeed, the fluctuation in childlessness over time appeared to be driven by the effects of crises on low socioeconomic class in

this population, whereas a general trend of increasing lifetime childlessness was related to a steady increase of this feature in high- and mod-

erate-SES group.

Results for general trends in lifetime childlessness showed the expected gradual increase in childlessness, from 10% to around 20%, during

the 150-year study period. The temporal trends in childlessness seemed to parallel the trends observed in otherWestern countries.8–10 Child-

lessness increased considerably after the 1860s birth cohorts and peaked for both men and women born in 1890–1900. A similar peak has

been reported for many Western countries,8–10 with the First World War and the Great Depression as probable causes.8,9 While Finland

did not take part in WWI and the Great Depression was very short lived,29,33 the Finnish Civil War in 1918 resulted in excess deaths in

men.34 This likely explains the childlessness peak in our sample and justifies the higher peak in lifetime childlessness among women, who

faced greater difficulty in finding a spouse. In contrast, the Baby Boom after WWII demonstrates a decrease in childlessness in birth cohorts

of 1920–1925. Other crises do not seem to have as drastic influences, which is may be explained by our use of cohort outcomes rather than

period rates of fertility or childlessness. Crises can influence childlessness in many cohorts, from those born during the crisis to those in their

late fertile years, and these influences can differ in magnitude and direction, rendering the fertility effects of these crises less pronounced on
iScience 27, 110227, July 19, 2024 7
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cohort than on period fertility rates. Our results in timing of fluctuations in childlessness align with other studies, showing that timing of trends

in childlessness is highly similar in different countries.

We discovered that individuals with low SESweremuchmore often childless than thosewithmoderate or high SES, and this difference was

especially pronounced in men. Low SES is known to be linked to poorer health and a lower chance to marry, compared to high andmoderate

SES.9,10,21,22 We found both lower likelihood of ever marrying and a higher likelihood of childlessness in marriage among those with low SES

compared to those with higher status, indicating that both difficulties finding a spouse and poorer health may underlie the lower likelihood of

ever reproducing among those with low SES. However, it is also possible that those with low resources could consciously choose not to marry

or have children, although it is unlikely as living outside amarital union was not approved.Our results also indicate higher variance in themale

risk of childlessness, as we expected. Overall, shape of trend did not differ between men and women whereas low SES showed significantly

more temporal non-linear variation than high SES. Due to higher male mortality, sex differences would likely have been greater had we stud-

ied all adults, not only those surviving to age 45.

We hypothesized that fertility resilience would be high among individuals with many resources and low for individuals with less resources.

This hypothesis was supported by our results, as we observed amodest and stable increase in childlessness in the high socioeconomic group,

but strong temporal fluctuations in the low-SES group. Among those with high SES, cohort probabilities of childlessness and marriage fluc-

tuated between the 5-year birth cohorts, yet the smoothed conditional line traced the long-lasting pattern of decreased fertility due to de-

mographic transition, industrialization, and urbanization.5,6 Among thosewith low SES, however, both the smoothed conditional lines and risk

ratios of childlessness and ever marrying by age 45 exhibited major fluctuations throughout the study period, especially in the earlier birth

cohorts. Thus, effects of specific crises seem to differ and diffuse across birth cohorts with two exceptions. First, women born just before

the Finnish famine had a lower likelihood of childlessness. This contrasting finding reflects the fact that crises can also promote earlier

ages as childbearing, since age at first birth is often positively correlated with expected lifespan.35 Furthermore, those in poorest health,

many of whom would have remained childless, may have not survived the famine. Second, birth cohorts that were young adults during

the Finnish civil war were more likely childless than earlier cohorts.

As resilience is the ability to resist changes and recover from them,1 our main result indicates that a lack of social and economic resources

results in low fertility resilience. Interestingly, the risk ratios stabilized near baseline for the last birth cohorts of our study period, suggesting a

diminished importance of SES for fertility resilience toward the middle of the 20th century. However, socioeconomic differences also

decreased during our study period, due to rising living standards and the first steps toward a welfare state.36 It is hence also possible that

the latest cohorts in our study faced fewer hardships, leading to smaller differences between socioeconomic groups. Our sample does

not include cohorts born after 1950, but we know that, in later birth cohorts in Finland, the period rate of childlessness has continued to in-

crease37 and cohort fertility has decreased.38 As childlessness has recently increased most among low educated,25 it is possible that SES dif-

ferences in fertility resilience also have increased.

In linewith previous research, trends in overall fertility, marriage, and SES coincidedwith the historical trends in lifetime childlessness, with the

trend of marriage showing a nearly linear negative relationship with childlessness and family size being highly negatively correlated as well. The

temporal trend in the proportion of individuals with high SES correlated negatively with the trend in childlessness. The proportion of high status

increased in the1860birth cohorts, as theFinnish famineof 1866–1868most heavily impacted thosewith the least resources,17,18but subsequently

decreasedasFinnish societychanged rapidlydue to landreformsand industrialization.39Thesechanges in thesocietal class structureare reflected

in the total childlessness rate in our study population. Historical trends in lifetime childlessness also coincidedwith the historical trends of average

family size among individuals that had at least one child. This result indicates that, at least within marriage, childlessness may also be related to

fertility control and cultural changes in postponing reproduction.9 Marriage patterns, especially trends in ever marrying, strongly correlated with

trends in childlessness, as the proportionof evermarriedmirrored the proportionof childlessness, confirming earlier research on the relevanceof

marriage trends as a strongpredictor for fertility trends.40Age at firstmarriagewas associatedwith childlessness, but only until thebirth cohorts of

the 1920s. Timing of marriage has been previously found to influence marital fertility.41 However, as trends in childlessness in wedlock are quite

weak, it seems that trends in ever marrying influence childlessness more than the timing of marriage, and these trends varied most by SES.

Our study hasmany strengths. First, we examined the temporal trends of childlessness in the same family lineages, so trends are not due to

sampling different lineages at different times. Second, we have a very long study period spanning through much of the demographic tran-

sition and several major crises which impacted birth cohorts, the sexes, and socioeconomic classes differently. Third, our data are collected

from the population register and therefore provide unbiased estimations of fertility. Fourth, our dataset allowed the examination of trends in

fertility in both males and females and included detailed and reliable information on SES, which is rare. The utility of our data can be seen in

the similarity of trends in childlessness with previously published registry data.8,9

In sum, this study shows that fertility resilience in a Northern European country strongly varied by SES, with low SES linked with low resilience

as indicated by strong fluctuations in childlessness during a time of repeated hardships. In addition to lifetime childlessness, these fluctuations in

times of crises appeared in both the likelihood of remaining unmarried and that of remaining childless in wedlock. Temporal trends in bothmar-

riage and family sizewere related to trends in lifetime childlessness, stressing that both factors are important causes. Today, declining fertility and

escalating ecological and geopolitical crises have heightened the relevance of demographic resilience. Trends in lifetime childlessness were in

this study driven by the effects of socioeconomic crises on people with fewer resources. Even though our results suggested diminished impor-

tance of SES for fertility resilience in the birth cohorts of the mid-20th century, social and economic inequality has since started to increase.36,42

Therefore, suchdifferential vulnerability among socioeconomicgroups is relevant for the future of the humanpopulation. Preventing inequality in

family formation and reproduction represents a key challenge for population resilience to crises.
8 iScience 27, 110227, July 19, 2024
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Limitations of the study

Our study has some limitations. The data are derived from population registers that record all births, marriages, and deaths independently

in different parishes. Thus, although we managed to follow many individuals from birth to death even when they migrated to another

parish, some were also censored before age 45 and excluded from the data. Furthermore, it is important to keep in mind that, due to

high mortality and low lifespan throughout most of the study period, the individuals having reached 45 years and studied here do not

represent the entire adult population. Nevertheless, our estimates seem to be very similar to previous estimates.8,9,11 This criterion could

also inflate the differences between SES groups, but this did not seem to be the case: when flexing the requirement of survival for those

that did reproduce, the difference between SES groups persisted (6.8% childless in high SES group, 16.4% childless in low SES group). The

last birth cohort included in our study was born in 1945–1949, during the onset of the Baby Boom, and entered adulthood during the late

Baby Boom, which was characterized by unusually low childlessness and age at marriage. Therefore, these cohorts cannot be regarded as

an endpoint for long-term trends in childlessness. In future, data collection expanding further into the end of the 20th century could reveal

more about these trends.
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A., Tanturri, M., and Mills, M. (2017).
Childlessness and Assisted Reproduction in
iScience 27, 110227, July 19, 2024 9

https://doi.org/10.1016/j.isci.2024.110227
https://doi.org/10.1016/j.tree.2020.05.001
http://refhub.elsevier.com/S2589-0042(24)01452-4/sref2
http://refhub.elsevier.com/S2589-0042(24)01452-4/sref2
http://refhub.elsevier.com/S2589-0042(24)01452-4/sref2
https://doi.org/10.1073/pnas.2105709118
https://doi.org/10.1073/pnas.2105709118
https://doi.org/10.1080/0032472031000149536
https://doi.org/10.1080/0032472031000149536
https://doi.org/10.12765/CPoS-2017-09
https://doi.org/10.12765/CPoS-2017-09
https://doi.org/10.1007/s11698-011-0062-7
https://doi.org/10.1007/s11698-011-0062-7


ll
OPEN ACCESS

iScience
Article
Europe. FamiliesAndSocietes 69, 1–41.
https://doi.org/10.31235/osf.io/sxgu4.

8. Sobotka, T. (2017). Childlessness in Europe:
Reconstructing Long-Term Trends Among
Women Born in 1900–1972. In Childlessness
in Europe: Contexts, Causes, and
Consequences Demographic Research
Monographs, M. Kreyenfeld and D.
Konietzka, eds. (Springer International
Publishing), pp. 17–53. https://doi.org/10.
1007/978-3-319-44667-7_2.

9. Rowland, D.T. (2007). Historical trends in
childlessness. J. Fam. Issues 28, 1311–1337.
https://doi.org/10.1177/0192513X07303823.

10. Morgan, S.P. (1991). Late Nineteenth-And
Early Twentieth-Century Childlessness. Am.
J. Sociol. 97, 779–807.

11. Rotkirch, A., and Miettinen, A. (2017).
Childlessness in Finland. In Childlessness in
Europe: Contexts, Causes, and
Consequences Demographic Research
Monographs, M. Kreyenfeld and D.
Konietzka, eds. (Springer International
Publishing), pp. 139–158. https://doi.org/10.
1007/978-3-319-44667-7_7.

12. Van Bavel, J., and Reher, D.S. (2013). The
Baby Boom and Its Causes: What We Know
and What We Need to Know. Popul. Dev.
Rev. 39, 257–288.

13. Schellekens, J. (2017). The marriage boom
and marriage bust in the United States: An
age–period–cohort analysis. Popul. Stud.
71, 65–82.

14. Nisén, J., Jalovaara, M., Rotkirch, A., and
Gissler, M. (2022). Fertility recovery despite
the COVID-19 pandemic in Finland? Finnish
Journal of Social Research 15, 25–44. https://
doi.org/10.51815/fjsr.120361.

15. Henderson, K., and Loreau, M. (2019). An
ecological theory of changing human
population dynamics. People and Nature 1,
31–43. https://doi.org/10.1002/pan3.8.

16. Vollset, S.E., Goren, E., Yuan, C.-W., Cao, J.,
Smith, A.E., Hsiao, T., Bisignano, C., Azhar,
G.S., Castro, E., Chalek, J., et al. (2020).
Fertility, mortality, migration, and population
scenarios for 195 countries and territories
from 2017 to 2100: a forecasting analysis for
the Global Burden of Disease Study. Lancet
396, 1285–1306. https://doi.org/10.1016/
S0140-6736(20)30677-2.

17. Hayward, A.D., Rickard, I.J., and Lummaa, V.
(2013). Influence of early-life nutrition on
mortality and reproductive success during a
subsequent famine in a preindustrial
population. Proc. Natl. Acad. Sci. USA 110,
13886–13891. https://doi.org/10.1073/pnas.
1301817110.

18. Song, S. (2009). Does famine have a long-
term effect on cohort mortality? Evidence
from the 1959-1961 great leap forward famine
in China. J. Biosoc. Sci. 41, 469–491. https://
doi.org/10.1017/S0021932009003332.

19. Brown, G.R., Laland, K.N., and Mulder, M.B.
(2009). Bateman’s principles and human sex
roles. Trends Ecol. Evol. 24, 297–304. https://
doi.org/10.1016/j.tree.2009.02.005.

20. Courtiol, A., Pettay, J.E., Jokela, M., Rotkirch,
A., and Lummaa, V. (2012). Natural and sexual
selection in a monogamous historical human
population. Proc. Natl. Acad. Sci. USA 109,
8044–8049. https://doi.org/10.1073/pnas.
1118174109.

21. Fieder, M., and Huber, S. (2007). The effects
of sex and childlessness on the association
between status and reproductive output in
modern society. Evol. Hum. Behav. 28,
392–398. https://doi.org/10.1016/j.
evolhumbehav.2007.05.004.
10 iScience 27, 110227, July 19, 2024
22. Fieder, M., Huber, S., and Bookstein, F.L.
(2011). Socioeconomic status, marital status
and childlessness in men and women: an
analysis of census data from six countries.
J. Biosoc. Sci. 43, 619–635. https://doi.org/10.
1017/S002193201100023X.

23. Pettay, J.E., Helle, S., Jokela, J., and Lummaa,
V. (2007). Natural Selection on Female Life-
History Traits in Relation to Socio-Economic
Class in Pre-Industrial Human Populations.
PLoS One 2, e606. https://doi.org/10.1371/
journal.pone.0000606.

24. Goodman, A., Koupil, I., and Lawson,
D.W. (2012). Low fertility increases
descendant socioeconomic position but
reduces long-term fitness in a modern
post-industrial society. Proc. Biol. Sci. 279,
4342–4351. https://doi.org/10.1098/rspb.
2012.1415.

25. Jalovaara, M., Neyer, G., Andersson, G.,
Dahlberg, J., Dommermuth, L., Fallesen, P.,
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METHOD DETAILS

Study population

We studied the historical trends in childlessness in a demographic dataset derived from population registers across Finland. Information was

gathered from the parish records of the Lutheran Church, which meticulously maintained registers of all births, movements, marriages, and

deaths in the country since the 17th century andmaintaining this registry becamemandatory by law for the church in 1749.43 These records are

extremely high quality. Our dataset encompasses survival and reproductive details from lineages originating from four distinct geographical

areas and eight parishes: Hiittinen, Kustavi and Rymättylä, Southwest Finland region; Ikaalinen and Tyrvää, Pirkanmaa region; Pulkkila, North-

ern Ostrobothnia region; and Jaakkima and Rautu, Karelia region. In general, the primary source of livelihood for these communities was

farming, with fishing supplementing livelihoods in coastal areas, thereby enhancing food predictability along the coast.44 These lineages

were collected prospectively, by first selecting mothers born 1600–1750 in these eight parishes and then, collecting information of their mar-

riages and children for asmany generations as was possible to follow.Whenmembers of the lineagemigrated, their records in the destination

parish were accessed and compiled. In total, the dataset contains over 100,000 people. However, as mortality was high, many did not survive

until adulthood.

In this study, we included individuals that were born between 1800 and 1950, survived until at least 45 years of age, and whose full life

history was known, meaning that likely all their children were recorded. After 1950, we lack information of SES and thus, we were unable

to include these cohorts. Our sample included individuals born and reproduced both before and during the major onset of the demographic

transition, allowing us to examine the trends in relation to this major, long term and still ongoing process. In total, our sample included 17569

individuals, 9154 women and 8415 men (Table S1). Men may sire biological children which are not officially registered to them; however, we

estimate this proportion to be tiny, around one percent.45,46 Finland was a traditional, largely agrarian and Lutheran country in which extra-

marital births were very rare throughout the study period.47

We utilized the number of children in examining historical trends in fertility and for deriving whether individuals were childless or not. Life-

time childlessness was defined as having survived until at least 45 years of age and had no registered children. Only around 2.5% of men and

0.09% of women had their first child after that age in our dataset, making it extremely rare that we would wrongly classify individuals that were

censored after that.

The level and trends of childlessnessmay relate to an individual’s socioeconomic status (SES) and thereforewe categorized individuals into

three SES groups based on their occupation around age 30: high SES, moderate SES, and low SES, based on their own and their first spouse’s

occupation. We sorted all the possible occupations into these three classes separately in the historical (born before 1850) and modern (born

after 1850) parts of the dataset, as the status related to some occupations, such as landowner changes with time. This sorting was done
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manually considering the likely status achieved in society. In the historical part, sorting mostly reflected landownership: high SES included

landowners, but also noblemen and clergy, whereas moderate SES included tenant farmers (and craftsmen) and low SES included servants

and dependent lodgers who did not have access to land. This classification has captured key differences in lifespan, marriage patterns, and

childbearing.23,48 In the modern part, high SES included highly educated and white-collar workers, moderate SES included lower-grade non-

manual laborers and skilledmanual laborers and low SES included unskilledmanual laborers. This classification is commonly used and reflects

status differences in society, which are related to, for example, physical and mental health and mortality.49–51 For examining the trends in the

proportion of SES groups, we calculated the proportion of SES groups in the 5-year birth cohorts in our dataset.

For studying the historical trends in the number of children, we only included those individuals in our samplewho reproduced at least once,

resulting in 14997 individuals in this second sample. For examining the age at first marriage, we only included individuals that weremarried at

some point of their lives and whose exact date of the first marriage was known, a total of 14408 individuals. For examining the trends in SES

groups, we includedonly individuals whose SESwas known, a total of 15794 individuals. Finally, for examining the trends in different regions of

the country, we included those individuals whose parish of birth was known and was in Finland (or in Karelia, a region annexed to Russia after

the Second World War), a total of 17073 individuals (Table S1).
QUANTIFICATION AND STATISTICAL ANALYSIS

All analyses and visualizations were conducted in R version 4.2.2.52 Generalized additivemodels (GAM)were fitted to examine the significance

of historical trends in childlessness and in underlying factors with the packagemgcv.53,54 We used the variable under examination (childless-

ness, number of children, ever married, and age at first marriage) as the outcome and exact date of birth as the explanatory variable. For

smoothing basis, we used the shrinkage version of cubic regression splines (bs=’’cs’’) with the REML smoothing parameter estimationmethod

and basis dimension as 300, which we tested to be adequate. For examining the differences in historical trends between subgroups (SES

groups and sexes), we also fitted GAM models that included the subgroups as an ordered factor, as this allows the comparison of the

smoothed trends. These models used high SES and women as the reference categories. The same options were used for smoothing basis

as in other GAM models. For examining the differences in fertility resilience between SES groups, we calculated the risk ratios (relative

risk) for childlessness and ever marrying for comparison of low SES with high SES and moderate SES with high SES. We plotted the trends

in childlessness in the whole population and in subpopulations, for example, for men and women and for SES groups separately with

ggplot2.55

Pearson correlation coefficients were used to analyze the pairwise correlations in possibly underlying trends and childlessness trends. For

this analysis, we calculated the mean proportion of ever married, age at first marriage, and number of children for each 5-year birth cohort

between 1800 and 1950 and correlated these with the mean proportion of childlessness for each birth year.

We also plotted the trends in possible underlying factors. We used the R package ggplot255 to visualize these trends with the mean pro-

portion of childless individuals, proportion of ever married, age at first marriage, and number of children plotted as a scatterplot and also

included smoothed conditional lines. We used GAM as the smoothing method with the same properties as explained previously. Trends

in proportions of SES groups were visualized with an area plot and risk ratios with a line plot. We used the package scales56 to scale the y

axis in childlessness plots to percents, package patchwork57 to combine the plots into panels, and packages dplyr,58 plyr,59 and reshape260

for handling the data.
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