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A B S T R A C T   

Recent evidence suggests a positive association between fertility and cognitive ability among Swedish men. In 
this study we use data on 18 birth cohorts of Swedish men to examine whether and how the relationship between 
cognitive ability and patterns of childbearing are mediated by income, education and marriage histories. We 
examine whether the expected positive associations between cognitive ability and life course income can explain 
this positive association. We also explore the role of marriage for understanding the positive gradient between 
cognitive ability and fertility. To address these questions we use Swedish population administrative data that 
holds information on fertility histories, detailed taxation records, and data from conscription registers. We also 
identify siblings in order to adjust for confounding by shared family background factors. Our results show that 
while cognitive ability, education, income, marriage, and fertility, are all positively associated with each other, 
income only explains a part of the observed positive gradient between fertility and cognitive ability. We find that 
much of the association between cognitive ability and fertility can be explained by marriage, but that a positive 
association exists among both ever-married and never-married men. Both low income and low cognitive ability 
are strong predictors of childlessness and low fertility in our population. The results from the full population 
persist in the sub-sample of brothers.   

1. Introduction 

The relationship between cognitive ability and fertility has vexed 
researchers for over a century. Throughout the 20th-century researchers 
variously reported positive and negative gradients for fertility and 
cognitive ability, though in the second half of the 20th-century re-
searchers increasingly observed negative gradients where men and 
women with lower cognitive ability had more children (where the effect 
was larger for women). A recent study using Swedish military 
conscription data, a data source of unusually high quality in terms of 
representativeness and quality of cognitive ability measurement, found 
a clear positive association between cognitive ability and fertility for 
men (Kolk & Barclay, 2019). In this study we use a similar dataset from 
Sweden, linked with high quality yearly taxation records, to examine the 

extent to which socioeconomic success among higher cognitive ability 
individuals might explain the positive fertility and cognitive ability 
gradient. We also employ data on marriage histories to examine the 
extent to which marriage mediates the association, to understand the 
extent to which the cognitive ability and fertility gradient are explained 
by partnership availability or fertility preferences of men within unions. 

2. Previous research on intelligence and fertility 

In order to contextualize our research, it is important to provide a 
brief historical overview of research on the relationship between fertility 
and intelligence. Key figures in the history of statistics and evolutionary 
biology, such as Francis Galton, Karl Pearson, and Ronald Fisher, were 
all interested in differential fertility by achievement and intelligence; 
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indeed, much of contemporary statistics was developed in conjunction 
with research on these and closely related questions. Most early research 
on this topic was motivated by eugenics concerns, where it was feared 
that higher fertility among lower achievement groups would lead to 
declining average achievement in future generations (Kevles, 1985; 
Osborn, 1952). Kevles (1985) provides an excellent overview of early 
research on this topic. 

An increased sophistication in the measurement of cognitive ability 
was later followed by improvements in the quality of data collection and 
research design, with the study of IQ and fertility in Scotland playing a 
prominent role. An early important piece of work for the research 
question addressed in this study was that of Higgins, Reed, and Reed 
(1962). Analyzing the data from the parents’ perspective they found that 
there was almost no gradient between intelligence and fertility. 

Following Higgins et al. (1962), a number of studies using modern 
survey data from the United States found small positive correlations 
between intelligence and completed fertility. This research, often based 
on sub-populations from the upper Midwest, examined cohorts born in 
the 1910s and 1920s who were having children throughout the US baby 
boom (Bajema, 1963; Bajema, 1968; Falek, 1973; Waller, 1971). Using 
data on later cohorts Vining (1982, 1995) and Retherford and Sewell 
(1988, 1989) found small negative correlations between fertility and 
intelligence. Several of these studies examined parity progression (the 
share of women that have an additional birth at a given number of 
children) and found that the intelligence differences were larger at 
higher parities. Recent studies on the US including have found small 
negative IQ-fertility gradients for men and women, with more consistent 
negative gradients for women (Hopcroft, 2006; Lynn, 1999; Lynn & Van 
Court, 2004; Meisenberg, 2010; Woodley et al., 2016), though others 
have reported a small positive association for white men (Woodley & 
Meisenberg, 2013). 

Reported gradients in the intelligence-fertility association in the 
United States have changed over time. Research on cohorts born in the 
early 20th century suggests that there was no clear gradient, though it 
may have been positive during the baby boom period. However, among 
cohorts born in the second half of the 20th century, research suggests a 
small to moderate negative intelligence-fertility gradient. Outside the 
US, Von Stumm, Batty, and Deary (2011) found no overall association 
between childbearing and intelligence for men or women in Scotland; 
Kanazawa (2014) found small negative associations between entry to 
parenthood and intelligence for women in the UK; and Woodley et al. 
(2016) found no clear pattern for men or women in the UK. Recent data 
from East Asia has found negative gradients between IQ and fertility in 
Taiwan (Chen, Chen, Liao, & Chen, 2013) and China (Wang, Fuerst, & 
Ren, 2016). Finally, two older Swedish studies (Nyström, Bygren, & 
Vining Jr, 1991; Vining, Bygren, Hattori, Nystrom, & Tamura, 1988), 
studying cohorts born in the 1910s to 1930s, found high fertility among 
men with very high cognitive ability, and an unclear pattern for women, 
with some support for a negative gradient. However, this finding should 
not be considered conclusive due to the small and non-representative 
sample. 

Alternatives to traditional IQ tests have also been used to attempt to 
infer the intelligence-fertility association. For example, Madison, 
Woodley, and Sänger (2016) found that auditory reaction times were 
slower in Swedish cohorts born in the 1980s than the 1960s, and sug-
gested that this implied negative selection on intelligence. Polygenic 
scores have also been used to assess the link between educational 
attainment and fertility, based on the theory that educational attainment 
has a strong cognitive genetic basis. In Iceland, polygenic scores predict 
a negative association between educational attainment and fertility, 
where an increase of one standard deviation for a polygenic score pre-
dicted 0,084 fewer children on average (Kong et al., 2017). The findings 
from polygenic studies using US data are mixed (Beauchamp, 2016; 
Conley et al., 2016), while a negative association has been reported in 
data from the UK (Barban et al., 2016). Gardner et al. (2020) show that 
genetic variants affecting cognitive traits negatively are associated with 

lower fertility among men in the UK. 
Contrary to much previous research, recent studies using population 

administrative data and military conscription records from Norway and 
Sweden have reported an unambiguously positive intelligence-fertility 
gradient for men (Bratsberg & Rogeberg, 2018; Kolk & Barclay, 2019). 
The association is particularly strong at lower levels of cognitive ability 
(Kolk & Barclay, 2019). One potential explanation for the discrepancy 
between these findings and much other work is that the education- 
fertility and income-fertility gradients in Scandinavia differ from other 
contexts. In the Nordic countries both education and indivudal income 
are positively associated with fertility for men (Chudnovskaya, 2019; 
Jalovaara et al., 2019; Jalovaara & Fasang, 2020; Kolk, 2019), and also 
female personal income (Kolk, 2019), which is less clear in other con-
texts (Freedman & Thornton, 1982; Jones & Tertilt, 2008; Skirbekk, 
2008). For example, in the US and UK researchers occasionally find 
positive associations for male personal income and household income, 
but typically negative associations for education (Hopcroft, 2006; 
Hopcroft, 2015; Nettle & Pollet, 2008; Stulp, Sear, Schaffnit, Mills, & 
Barrett, 2016), with stronger negative correlations in personal income 
and education for women. 

Previous research has shown that socioeconomic status is very 
important for patterns of childbearing in Sweden, where highly 
educated and men with high income have more children. We also know 
that cognitive ability strongly predicts socioeconomic success in 
contemporary societies. This suggests that income at least partially 
mediates the relationship between cognitive ability and fertility among 
Swedish men. As marriage is also highly concentrated among high- 
income and highly educated individuals in the Nordic countries (Jalo-
vaara & Fasang, 2020; Ohlsson-Wijk, 2011), we also explore marriage as 
a potential mediator. This research will improve our understanding of 
the mediators of cognitive ability and fertility, and be helpful for un-
derstanding how the relationship between cognitive ability and fertility 
may vary across contexts where the relationship between socioeconomic 
status and fertility differs from Sweden. In the following section we re-
view previous research on the degree to which the association between 
cognitive ability and fertility is mediated by income, education, and 
marriage, as well as the research on how income, education, and mar-
riage are associated with fertility. 

3. Previous research on pathways explaining the association 
between cognitive ability and fertility 

A robust finding across contemporary societies is that high cognitive 
ability is associated with economic success for both men and women 
(Carneiro, Crawford, & Goodman, 2007; Heckman, Stixrud, & Urzua, 
2006; Lindqvist & Vestman, 2011; Strenze, 2007). Cognitive ability is a 
strong predictor of school grades (Duncan et al., 2007), as well as later 
life outcomes, including income (Lindqvist & Vestman, 2011). This is 
unsurprising given the strong link in contemporary societies between 
cognitive ability and educational outcomes, and between education and 
income. Consistent with evolutionary theory, the empirical literature 
also indicates that, net of other socioeconomic traits, intelligence is 
considered an attractive feature in a partner for both men and women 
(Buss & Barnes, 1986; Miller, 2000; Miller, 2000b). The few studies 
examining the association between cognitive ability and marriage are 
inconsistent, but may be said to indicate positive gradients for men, and 
negative gradients for women (Aspara, Wittkowski, & Luo, 2018; Taylor 
et al., 2005; Von Stumm et al., 2011). 

While most previous research on cognitive ability and fertility has 
been interested in the overall gradient between the two variables, some 
researchers have examined which sociodemographic variables may 
mediate the intelligence-fertility association. Using path analysis, Mei-
senberg (2010) found that education was strongly positively associated 
with cognitive ability, but because highly educated men and particular 
women had fewer children, this resulted in a negative intelligence- 
fertility gradient. Kim (2015) found that fertility was negatively 
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associated with cognitive ability for US men and women in three 
different surveys, but that this association disappeared after adjusting 
for education. Using US data to study sex differences between status and 
fertility, Hopcroft (2015) found that cognitive ability was negatively 
associated with fertility for men and women. 

Rodgers et al. (2008) examined the interaction between education, 
age at first birth, and cognitive ability using Danish twin data, and found 
that people with more years of education had their first children later, 
but that there was no direct association between cognitive ability and 
later age at first birth. Using data from Wisconsin, Retherford and Sewell 
(1989) found that education entirely mediated the negative association 
between cognitive ability and fertility, and as education suppressed fe-
male fertility to a greater extent than male fertility, education could 
explain lower fertility among women with high cognitive ability. Reeve, 
Lyerly, and Peach (2013) found a similar pattern using a nationwide US 
dataset. In studies applying polygenic scores, an observed negative 
education-fertility gradient in a population is the explanation for why 
polygenic scores predicting high education are associated with low 
fertility (Barban et al., 2016; Beauchamp, 2016; Kong et al., 2017). 

In summary, studies using data from the United States have 
frequently identified education as an important mediator for the nega-
tive association between cognitive ability and fertility, and this is 
particularly true for women. However, it is important to note that the 
negative association between education and fertility observed in the US 
and many other Western countries for most of the 20th century (e.g. 
Blossfeld & Huinink, 1991) does not hold true for Sweden (Jalovaara 
et al., 2019). Furthermore, in Sweden the income-fertility gradient is 
positive for men (Kolk, 2019), which calls for the potential mediating 
role of income between intelligence and fertility to be examined care-
fully (Kolk & Barclay, 2019). Previous research highlights the impor-
tance of considering how socioeconomic status is associated with 
fertility in order to understand the association between cognitive ability 
and fertility. However, all survey-based studies suffer from potential 
biases attributable to measurement error from both cognitive ability and 
income, as well as concerns about generalizability. Such issues are 
largely sidestepped by using population-level register data as we do in 
this study. 

Recent research has highlighted the increasing social polarization of 
male childlessness, where low-status men are ever less likely to have 
children, and this is particularly true for men who never partner (Bar-
clay & Kolk, 2020; Demey, Berrington, Evandrou, & Falkingham, 2013; 
Hudson & der Boer, 2004; Jalovaara & Fasang, 2020). Kolk and Barclay 
(2019) found that men with low cognitive ability scores were particu-
larly likely to be childless. Failure to find and/or keep a partner for 
childbearing may be an important determinant of low fertility for men in 
contemporary Sweden. Moreover, low scores on cognitive ability are 
strongly correlated with health in childhood and adulthood, which may 
adversely affect fertility through both behavioral and physiological 
pathways (Calvin et al., 2010; Wraw, Deary, Gale, & Der, 2015). This 
may be of particular importance at the lower ranges of the cognitive 
ability distribution, where poor health and disabilities are likely to be 
overrepresented. Another recent study using Swedish conscription data 
found that short, unfit and obese men had very poor fertility outcomes 
(Barclay & Kolk, 2020). Barclay and Kolk (2020) found that these health 
differences in fertility were strongly mediated by whether men had ever 
married, but that the negative associations also existed among married 
men. One way of assessing whether partner search processes mediate the 
relationship between cognitive ability and fertility is to examine the 
gradient within and between never-married and ever-married males. As 
the entry into marriage is itself affected by education and income, this 
further motivates us to look at the multidimensional associations be-
tween marriage, income, cognitive ability, and fertility. 

In the current study we further examine relationships between 
cognitive ability and fertility in Sweden by addressing the following five 
research questions (RQ 1–5): 

First (RQ1), is there a positive gradient between fertility and 

cognitive ability even after controlling for income during the life course? 
Second (RQ 2), is the relationship between fertility and cognitive 

ability similar for men with high and low income? 
Third (RQ 3), do cognitive ability and income affect the propensity to 

marry? 
Fourth (RQ 4), how much of the relationship between fertility, 

cognitive ability, and income can be explained by high-income men 
more often forming stable partnerships? We examine this by studying 
childlessness and fertility among ever-married and never-married men. 

Fifth (RQ 5), is the gradient between fertility and cognitive ability 
affected by patterns of childlessness, given the assumed negative rela-
tionship between socioeconomic status and childlessness? 

4. Data and methods 

4.1. Data 

To examine the relationship between cognitive ability and fertility, 
we use population register data from Sweden. These individual-level 
data are based on administrative records that can be linked using a 
unique personal identification number. These administrative sources 
include registers of vital events such as births, marriages, and deaths, as 
well as education and tax registers, and military conscription registers. 
As the vital events are based on birth records we can only link fathers to 
children that are known by the authorities, though these represent over 
99% of all births (Statistics Sweden, 2009), partly because of rigorous 
paternity investigations by the social services. As such our data is su-
perior to self-reported information which can be problematic, and 
particularly so for assessing male fertility. Most of our data is based on 
fertility measured at or after age 50 (we use fertility data up to 2012 for 
all our cohorts), which assures that we have a virtually complete count 
of fertility, missing less than 1% of births (Kolk & Barclay, 2019 evaluate 
the extent that age at measurement affects male fertility). 

Our measurement of cognitive ability is drawn from the military 
conscription registers. Sweden used to practice universal conscription, 
and we have data from intelligence tests conducted as a part of the 
military evaluation of all Swedish men born 1951–1967. Conscription 
tests took place at ages 17–20, and all Swedish men were required by 
law to attend these tests. We have data on scores from universal 
conscription tests for the period 1969 to 1981, but as we want to follow 
our cohorts until age 45 in order to be sure we measure completed 
fertility, we limit our study to cohorts born between 1951 and 1967. We 
define our population as all Swedish-born men of those cohorts alive 
until the end of their reproductive ages. Kolk and Barclay (2019) used a 
similar dataset to study the overall relationship between cognitive 
ability and fertility. In the study, they provide further information on 
how conscription tests were designed and validated. Overall, the mea-
surement of IQ was rigorous and based on a test with spatial, logical and 
verbal components, approximately one hour in length (Mårdberg & 
Carlstedt, 1998). The military conscription tests, despite being manda-
tory, were not taken by everyone (around 97%), and of those that 
attended, a small group did not take the IQ test (2%). The not-tested 
group, and to a lesser extent the missing group, would likely have had 
lower IQ scores than the population as a whole. The non-tested group 
may have had physical limitations and disabilities that prevented them 
from completing the cognitive tests, and may have been disadvantaged 
along several dimensions. In Tables S1 and S2 in the Supplementary 
Materials we present detailed descriptives for our population and 
covariates. Fertility in Sweden was stable over the cohorts of men that 
we study (1951–1967), with an average of around 1.8 children. 

4.2. Education 

Information on educational attainment is derived from administra-
tive registers. We use eight categories for education, based on highest 
educational attainment by 2012: primary (<9 years), primary (9 years), 
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secondary (10–11 years), secondary (12 years), tertiary (13–15 years), 
tertiary, but not including postgraduate qualifications (15+ years), and 
postgraduate qualifications (approximately 16–20 years). The final, 
eighth, category indicates whether the variable for education has a 
missing value. The information is based on educational attainment at the 
end of the reproductive career. Primary and secondary attainment will 
mostly take place before the measurement of cognitive ability, while 
tertiary attainment takes place after measurement. 

4.3. Cumulative income 

To calculate cumulative income up to age 45, we use a measure of 
disposable income provided by Statistics Sweden. We sum up the total 
income earned between the ages of 18 and 40 as a measure of cumula-
tive income. We then split this measure of cumulative income into 
deciles for each birth cohort, meaning that relative income position is 
defined in relation to other men the same age, who will have experi-
enced similar labor market conditions over the life course. 

4.4. Marital status 

We examined whether the association between anthropometric 
measures and fertility varies according to whether the men in our 
population had ever married by age 45. This binary variable indicates 
whether the men had ever married at any point up to age 45, and ignores 
any subsequent change to marital status due to divorce or being wid-
owed. We use this variable as an indicator of whether the men had 
partnered without conditioning on childbearing. We also conduct 
additional sensitivity analyses using a variable that indicates that an 
individual had been married for at least five years before any divorce or 
widowhood. Due to the difficulty involved in identifying cohabiting men 
without children in the Swedish population registers, the never-married 
category also includes a substantial share of men who have formed one 
or more cohabiting relationships. However, the ever-married category 
only includes men who have formed at least one serious partnership. 

4.5. Statistical analyses 

To examine the relationship between cognitive ability scores and 
fertility we conduct regression analyses to examine how our cognitive 
ability measure is associated with total number of children by age 45 or 
later as well as childlessness at age 45 or later. To examine total number 
of children we use linear regression, while our analyses of childlessness 
take the form of linear probability models. We also conduct analyses to 
examine the pathways by which any association between cognitive 
ability and fertility flows. To this end we examine how cognitive ability 
scores are associated with entrance into marriage, how fertility varies 
between those who ever married and those who never married, the 
extent to which education and cumulative income mediate the fertility 
and cognitive ability association, and how cognitive ability scores 
interact with cumulative income. 

We present regressions where we use all men in the population, as 
well as fixed effects models in which we only analyze variance between 
full biological siblings. These fixed effects models are based upon the 
subsample of families with at least two brothers who were born in the 
1951–1967 cohort window. By comparing brothers in the same family 
we are able to hold constant all factors shared by brothers, including 
parental education and income, as well as other characteristics of par-
ents that would otherwise be difficult to capture, including personality, 
parenting style, as well as parental intelligence. These sibling compari-
son models also adjust for shared household, neighborhood, and school 
conditions, as well as shared genetics. This is theoretically relevant, as it 
allows us to examine how cognitive ability affects fertility among men 
with a very similar social background and upbringing. This is important 
as we know that social background influences both cognitive ability and 
fertility preferences. 

To answer our first research question we estimate the following 
models to examine whether we observe the same gradient between IQ 
and fertility after adjusting for income (comparing model 1 and 3): 

y = β0 + β1IQ+ β2BirthYear+ ε (1)  

y = β0 + β1IQ+ β2BirthYear+ β3BO+ β4FamSize+ β5Edu+ ε (2)  

y = β0 + β1IQ+ β2BirthYear+ β3BO+ β4FamSize+ β5Edu+ β6Income+ ε
(3)  

where y is total number of children, β0 is the constant, IQ refers to a 
vector of dummy variables for our measurement of cognitive ability, 
BirthYear refers to a vector of dummy variables for individual birth years 
(1951,1952, …1967), BO refers to a vector of dummy variables for birth 
order within the sibling group of origin (1,2, …,6+), FamSize refers to a 
vector of dummy variables for total number of siblings in the sibling 
group of origin (1,2, …,6+), Edu refers to vector of dummy variables for 
the eight educational categories described in more detail above, Income 
refers to a vector of dummy variables for deciles of cumulative income 
earned between ages 18 to 45, while ε is the residual. We control for 
birth order and family size as there is evidence that these factors are 
related to both cognitive ability and fertility in contemporary Sweden 
(Black, Devereux, & Salvanes, 2010; Hank, 2007; Kolk, 2014; Morosow 
& Kolk, 2020). Using the subsample of siblings, we estimate three 
additional models: 

yij = αj + β1IQij + β2BirthYearij + εij (4)  

yij = αj + β1IQij + β2BirthYearij + β3BOij + β5Eduij + εij (5)  

yij = αj + β1IQij + β2BirthYearij + β3BOij + β5Eduij + β6Incomeij + εij (6)  

where the subscripts refer to the individual i in sibling group j, and αj is 
the sibling fixed effect. Family size is constant within the sibling group 
and is therefore not controlled for in our sibling comparisons. We use a 
parallel modelling strategy with a binary variable for childlessness by 
age 45 or later as the outcome variable, which we label models 7–12 
(where our independent variables are the same as in models 1–6, and 
only the dependent variable changes). To analyze our third research 
question on the propensity to marry, we also use a parallel modelling 
strategy, with a binary variable for ever-marrying by age 45 as an 
outcome, which we label models 13–18. 

To examine the interaction between cognitive ability scores and 
cumulative income and to answer our second research question, we 
estimate the following models: 

y = β0 + β1IQ*Income+ β2BirthYear+ β3BO+ β4FamSize+ ε (19)  

yij = αj + β1IQij*Income+ β2BirthYearij + β3BOij + εij (20)  

where IQ * Income refers to the full interaction between cognitive ability 
scores and cumulative income deciles. We examine this interaction both 
in the full population as well as in the subsample of siblings. We also 
estimate parallel models with childlessness as the outcome in models 21 
and 22. 

Finally, we also examine whether the association between cognitive 
ability test scores and fertility varies between men who have ever 
married, and those who have not (our fourth research question): 

(⇔ means that we stratify our sample for our regressions based on 
this value, i.e. if and only if Married = 1) 

y = β0 + β1IQ+ β2BirthYear+ β3BO+ β4FamSize+ ε ⇔ Married = 0 (23)  

y = β0 + β1IQ+ β2BirthYear+ β3BO+ β4FamSize+ β5Edu+ β6Income
+ ε ⇔ Married = 0

(24) 
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y = β0 + β1IQ+ β2BirthYear+ β3BO+ β4FamSize+ ε ⇔ Married = 1 (25)  

y = β0 + β1IQ+ β2BirthYear + β3BO+ β4FamSize+ β5Edu+ β6Income
+ ε ⇔ Married = 1

(26) 

where y refers to total number of children at the end of our follow-up 
period, with separate models estimated conditional on a binary variable 
Married, indicating whether the men have ever married or not by age 45. 
We estimate parallel models for childlessness by the end of our follow-up 
period in models 27–30. We also estimate the equivalent models using 
our subsample of brothers: 

yij = αj + β1IQij + β2BirthYearij + β3BOij + εij ⇔ Married = 0 (31)  

yij = αj + β1IQij + β2BirthYearij + β3BOij + β4Eduij + β5Incomeij

+ εij ⇔ Married = 0
(32)  

yij = αj + β1IQij + β2BirthYearij + β3BOij + εij ⇔ Married = 1 (33)  

yij = αj + β1IQij + β2BirthYearij + β3BOij + β4Eduij + β5Incomeij

+ εij ⇔ Married = 1
(34)  

where models 31 and 32 include controls for early life factors that vary 
within the family, and models 33 and 34 include additional adjustment 
for socioeconomic factors measured in adulthood. We also do this for 
examining childlessness as the outcome in models 35–38. 

Finally, we also estimate models to address our fifth research ques-
tion, the extent to which the overall association between cognitive 
ability and number of children by age 45 or later is driven by child-
lessness. To evaluate this question, we estimate models equivalent to 
models 1–3 and 4–6 above, but exclude from the analytical sample men 
who were childless at the end of the follow-up period. These models are 
numbered 39–44. 

5. Results 

We begin by assessing the extent to which the overall gradient be-
tween cognitive ability and fertility in Sweden is affected by income (our 
first research question). The overall gradient between cognitive ability 
and fertility in Sweden is positive, as shown in Fig. 1 where we regress 
cognitive ability measured at ages 17 to 20 on completed fertility (see 
also descriptives in Table S1). All regression estimates from Fig. 1, 
including covariates, are available in Supplementary Tables S5 and S6, 
where we also show results for the small number of men who either 
missed the test or were not required to take it (they generally exhibit 
lower fertility than other groups). We find particularly low fertility 
among men with lower cognitive ability scores, while we find a more 
consistent positive monotonic pattern when we compare biological 
brothers. The magnitude is substantial with men with the lowest 
cognitive ability scores having around 0.4 fewer children in our full- 
population comparisons, while the difference between men with the 
highest and lowest scores in our brother comparisons is over 0.7 children 
(among men with median cognitive ability, average fertility was 1.85 in 
our data). In Fig. 1 we also show the gradient after adjusting for edu-
cation, and both education and income. We find that education hardly 
mediates the observed non-adjusted relationship, while income reduces 
the overall positive gradient. We find that the association between 
cognitive ability and fertility for low cognitive ability men is partly 
mediated by low income. We also find that after holding income con-
stant, men with higher cognitive ability scores have slightly fewer 
children. This is explained by the fact that high income, which is com-
mon among men with high cognitive ability scores, is associated with 
higher fertility among Swedish men (see Supplementary Fig. S1 where 
we regress income on fertility). When we compare brothers and adjust 
for income, we find that the monotonic positive gradient attenuates but 
remains broadly positive. In Supplementary Tables S7 and S8, we show 
the regression estimates for cognitive ability when operationalized as a 
linear variable regressed on fertility, and we find that the overall 
gradient remains positive, even after adjusting for income, in the full 
population as well as in the sub-sample of siblings. 

We now examine whether the IQ-fertility gradient varies between 

Fig. 1. Number of children by age 45 or older regressed on cognitive ability for Swedish men born 1951–1967. Error bars are 95% confidence intervals. Models 1 and 
4 control for birth year. Models 2 and 5 introduce additional controls for educational attainment, birth order and family size, and Models 3 and 6 further control for 
cumulative income deciles. 
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men with higher and lower income (our second research question) In 
Fig. 2 we show the relationship between cognitive ability and fertility 
within deciles of accumulated income. All regression estimates from 
Fig. 2, including covariates, are available in Supplementary Table S9. 
The clearest pattern is the very strong relationship between income and 
fertility: we find that men in income deciles 1, 2 and 3 have much lower 
fertility than men in higher income deciles, net of cognitive ability. In 
our population comparison model, Model 19 in Fig. 2, we find that for a 
given decile of accumulated income the relationship between cognitive 
ability and fertility is rather weak. This suggests that much of the overall 
negative income-fertility gradient is driven by the distribution of income 
and cognitive ability, where low cognitive ability men achieve lower 
accumulated income (see Supplementary Fig. S2). However, within in-
come deciles we do find that men with lower cognitive ability have 
lower fertility, in particular at low levels of income, which explains why 
the positive IQ-fertility gradient shown in Fig. 1 persists after adjusting 
for income. Within higher income deciles we occasionally find a small 
negative IQ-fertility gradient, though there are few men with both high 
income and very low cognitive ability. The results shown in Fig. 2 do not 
include adjustment for educational attainment, but including educa-
tional attainment as a control variable makes little difference to the 
results (see Supplementary Fig. S3). 

In brother comparison models, Model 20 in Fig. 2, we consistently 
observe a strong positive IQ-fertility gradients even within income 
deciles. In other words, for two brothers with similar income (and a 
shared social background), on average the brother with higher cognitive 
ability has more children. 

Previous research has shown that cognitive ability is associated with 
the specific number of children that men in Sweden have (Kolk & Bar-
clay, 2019). In particular – as highlighted in our literature review – it is 
plausible that much of the lower fertility of men with lower cognitive 
ability is affected by a reduced probability of finding a partner for 
childbearing. We first explore this by examining patterns of childless-
ness and income in relation to cognitive ability scores. We then further 

explore how income and cognitive ability affects the propensity to marry 
(our third research question), after which we study how marriage, 
cognitive ability, and income jointly affect fertility and childlessness 
(our fourth research question). 

In Fig. 3, we examine the probability of childlessness by cognitive 
ability using linear probability models. All regression estimates from 
Fig. 3 are available in Supplementary Tables S10 and S11. We find a 
much higher probability of childlessness among men with low cognitive 
ability scores, both with and without adjusting for income and educa-
tion, and this pattern also persists in sibling comparison models. The 
effect is very strong, with men with the lowest scores having a proba-
bility of childlessness approximately 0.2 higher than men with median 
scores (the overall population probability is 0.21, and 0.19 among men 
with median cognitive ability). Interestingly, we find that after adjusting 
for income, men with higher cognitive ability have a higher probability 
of childlessness than men with the median cognitive ability score. 
Assuming that they have a similar income, men with high cognitive 
ability scores are therefore more likely to be childless than men with 
average cognitive ability scores. However, this pattern is not apparent in 
the sibling comparison models. 

We also examined how childlessness varies by combinations of in-
come and cognitive ability, examining the gradient between cognitive 
ability and childlessness within deciles of accumulated income (Fig. 4). 
Full regression output is available in Supplementary Table S12. It is 
again clear to see that there is a very strong relationship between income 
and the probability of childlessness, where men in the lowest decile of 
cumulative income have a far greater probability of childlessness by age 
45 or later than men in the top half of the cumulative income distribu-
tion, and particularly in comparison to men in the highest decile of 
cumulative income. 

In Fig. 5 we show the likelihood of marriage (as in ever marrying 
before age 45) by cognitive ability using linear probability models. 
Tabulations of ever-married status by cognitive ability categories can be 
seen in Supplementary Fig. S5. All regression estimates from Fig. 5 are 

Fig. 2. Number of children by age 45 or older regressed on interaction between cognitive ability and deciles of cumulative income for Swedish men born 1951–1967. 
Error bars are 95% confidence intervals. 
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available in Supplementary Tables S13 and S14. Marriage is strongly 
linked to income in Sweden (see Supplementary Fig. S6), partly because 
men with less education are more likely to form long-lasting cohabita-
tion as an alternative to marriage. Because of this, our never-married 
category includes both individuals in long-lasting cohabiting 

relationships (though these tend to be slightly less stable), as well as 
never-partnered men, while the ever-married group only includes in-
dividuals that have formed at least one serious partnership. In these 
results, we find a very strong gradient where men with the lowest 
compared to the highest level of cognitive ability differ by 0.2 in the 

Fig. 3. Probability of childlessness regressed on cognitive ability for Swedish men born 1951–1967. Error bars are 95% confidence intervals. Models 7 and 10 control 
for birth year. Models 8 and 11 introduce additional controls for educational attainment, birth order and family size, and Models 9 and 12 further control for cu-
mulative income deciles. 

Fig. 4. Probability of childlessness by age 45 or older regressed on interaction between cognitive ability and deciles of cumulative income for Swedish men born 
1951–1967. Error bars are 95% confidence intervals. 
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probability of ever marrying by age 45. The differences attenuate when 
adjusting for income, but remains substantial. The results from sibling 
comparisons are similar to the population level patterns. 

In Fig. 6 we examine how total childbearing varies by cognitive 
ability among men who have ever married, or never married, by age 45. 
All regression estimates from Fig. 6 are available in Supplementary 
Tables S15 and S17. The results in the full population show that there are 
very few differences in total number of children by age 45 or later by 

cognitive ability among men who have married, though men in the 
lowest category of cognitive ability have approximately 0.10 fewer 
children. Among men who never married, we observe a pattern where 
fertility is lower among men in the top half of the cognitive ability 
distribution as well as the bottom half of the cognitive ability distribu-
tion relative to the median. However, in brother-comparison models 
only lower cognitive ability men have statistically significantly lower 
fertility, whether they had ever married or not. 

Fig. 5. The probability of having ever married by age 45 or older regressed on cognitive ability for Swedish men born 1951–1967. Error bars are 95% confidence 
intervals. Models 13 and 16 control for birth year. Models 14 and 17 introduce additional controls for educational attainment, birth order and family size, and Models 
15 and 18 further control for cumulative income deciles. 

Fig. 6. Number of children by age 45 or older regressed on cognitive ability and stratified by having ever married by age 45 for Swedish men born 1951–1967. Error 
bars are 95% confidence intervals. Models 23, 25, 31, and 33 control for birth year, birth order and family size. Models 24, 26, 32, and 34 introduce additional 
controls for educational attainment and cumulative income deciles. 
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In Fig. 7 we assess the joint probability of never having children and 
never marrying by cognitive ability. All regression estimates from Fig. 7 
are available in Supplementary Tables S16 and S18. Among the ever- 
married, we find rather small differences in childlessness, though men 
with very low cognitive ability are significantly less likely to have had a 
child even within the group of men who had ever married. Among never- 
married men we find a polarized U-shaped pattern that is robust to 
adjustment for income. Never-married men with low cognitive ability 
are much more likely to be childless (as seen in Fig. 4), though the group 
of never-married men with high cognitive ability (this group is very 
small, due to the strong positive relationship between income and 
marriage) are also more likely than men with average cognitive ability 
to be childless. This might be due to these individuals choosing volun-
tary childlessness, but may also be related to the low prevalence of 
forming longer partnerships. As can be seen in Fig. 5, however, this 
group has little effect on population-level gradients, but nevertheless 
this remains an interesting finding. When comparing brothers we no 
longer observe a very clear pattern, and due to the low number of men in 
these groups, the estimates are very noisy. 

In Figs. 3, 4 and 7 we show a very strong gradient between cognitive 
ability and never having children. This raises the question as to whether 
the overall gradient presented in Figs. 1 and 2 also exists among the sub- 
set of men who had children, excluding the childless. We have therefore 
examined the association between cognitive ability scores and fertility 
only among men who had any children, in order to understand the 
extent to which childlessness drives the overall association (see Fig. S7 
for models 39–44). Overall there is still a positive association between 
cognitive ability scores and number of children after removing childless 
men, but the pattern does differ substantially from that presented in 
Fig. 1. Notably, there is much less variation in fertility by cognitive 
ability scores below the median test score; this implies that much of the 
lower fertility among men with lower scores on the cognitive ability test 
was driven by childlessness. In the between-family model there is still a 
clear and statistically significantly higher level of fertility among men 
with higher test scores. These differences are no longer statistically 
significant in the results from the sibling comparison model shown in the 
right panel, but it is important to note that the point estimates support 

the conclusions drawn from the estimates derived from the full popu-
lation, and that we lose a significant portion of the sample population by 
removing childless men from the analytical sample (hence the wider 
confidence intervals). 

6. Discussion 

In our paper, we show that while income is strongly associated with 
cognitive ability, men with below average cognitive ability have fewer 
children, even after adjusting for income. We also find that these dif-
ferences are magnified for childlessness, and are also very strong for 
entry into marriage. Consistent with previous research, we find that 
income and fertility are very strongly associated (Chudnovskaya, 2019; 
Kolk, 2019), but that the relationship between cognitive ability and 
fertility persists net of the mediation of income. This is particularly true 
at lower income levels. Men with low cognitive ability who are above 
the median in cumulative income between age 18 and 45 have 
approximately the same number of children as men who score highly on 
cognitive ability. However, men with low cognitive ability are much less 
likely to find themselves in the top half of the cumulative income dis-
tribution. Among ever-married individuals, the association between 
cognitive ability and fertility is strongly attenuated, and only really 
suggests lower fertility among men with the lowest scores on cognitive 
ability. When comparing full biological brothers with each other, we 
find a strong positive fertility and cognitive ability gradient even after 
adjusting for income. Overall, our results indicate that the primary 
reason that we observe low fertility among men with lower cognitive 
ability is because of their failure to attract a partner for stable unions for 
childbearing. In addition to confirming previous findings on cognitive 
ability and fertility in Sweden (Kolk & Barclay, 2019), the findings of 
this study provide evidence for the importance of partnership formation 
for fertility, as well as showing that the intelligence-fertility association 
persists even after taking cumulative income into account. 

Another intriguing empirical pattern that we have observed is that, 
although men with high cognitive ability have more children overall, 
men of average cognitive ability had more children than men with high 
cognitive ability scores among those who never married. These never- 

Fig. 7. Childlessness by age 45 or older regressed on cognitive ability and stratified by having ever married by age 45 for Swedish men born 1951–1967. Error bars 
are 95% confidence intervals. Models 27, 29, 35, and 37 control for birth year, birth order and family size. Models 28, 30, 36, and 38 introduce additional controls for 
educational attainment and cumulative income deciles. 
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married men with high cognitive ability are too few to affect the 
population-level intelligence-fertility gradient, but may indicate a sub- 
population that either voluntarily abstains from childbearing and mar-
riage, or in other ways have life trajectories that are associated with high 
education and income but not traditional patterns of family formation. 
In our full population analyses, when adjusting for cumulative income, 
we find that the men with the highest cognitive ability scores have 
slightly lower fertility and higher childlessness than men with median 
cognitive ability scores. After adjusting for income we observe slightly 
lower fertility among high IQ never-married men (left-panels of Figs. 6 
and 7), as well as slightly lower fertility among men with high cognitive 
ability (see Fig. 1). However, our finding that higher cognitive ability 
men have higher childlessness and lower fertility than men with similar 
incomes but average cognitive ability is not replicated in sibling com-
parison models. 

In our sibling comparison models we consistently observe lower 
fertility among men in the bottom half of the cognitive ability distri-
bution. The difference between our population level models and the 
sibling models is intriguing. Although the results from our population 
level models are key to understanding how cognitive ability may be 
distributed in the following generation (though without data on women 
we cannot speculate about this), the sibling comparison models effec-
tively adjust for all factors shared in the family of origin. It is certainly 
possible that the results in the full population are confounded by factors 
that are jointly associated with both cognitive ability as well as fertility 
outcomes, for example negative experiences in early adulthood such as 
health shocks or substance abuse. 

We believe that our study highlights the importance of examining 
and interpreting gross associations between cognitive ability and 
fertility by taking account of the associations between cognitive ability 
and mediating dimensions of social status and partnership formation. 
The sociological and demographic literature suggests great variation 
across the West in the associations between income and fertility, and 
education and fertility. The findings from our Swedish data may not 
generalize to other countries. In other high-income countries, the in-
terrelationships between education, income, marriage, and fertility, 
differ in important ways from Sweden, and our results may to some 
extent be contingent on the aggregate positive relationships between 
status and marriage and family formation in Sweden. Nevertheless, we 
think that the fertility disadvantage of very low cognitive ability men is 
likely widespread across OECD contexts and that using datasets where 
such individuals are fully included is important if researchers are to be 
able to make population-level inferences. Future research on cognitive 
ability and fertility is therefore advised to pay careful attention to 
contemporary research in family sociology, demography, and economics 
on the overall relationship between status and fertility in the focal so-
ciety. Importantly, the associations between income and fertility and 
education and fertility typically differ by gender. Unfortunately, we 
cannot examine any gender differences in the intelligence-fertility 
gradient in Sweden as we have male-only conscription data. 

Our findings also contribute towards the increasing evidence for 
social polarization of childbearing in many Western countries. We find 
that the proportion childless and the proportion that never-marry is very 
substantial among men with lower cognitive ability. We find large 
separate effects where both low income and low cognitive ability are 
each strongly associated with a higher probability of childlessness and 
low completed fertility. When a man has both low income and low 
cognitive ability, fertility is even lower. This corresponds to the findings 
from a growing literature that shows that men with low income, low 
levels of education, worse health, and low cognitive ability, are much 
less likely to find a childbearing partner in Scandinavia (Barclay & Kolk, 
2020; Jalovaara et al., 2019; Jalovaara & Fasang, 2020; Kolk, 2019). 
Fertility in Scandinavia has traditionally been characterized by rela-
tively small social differences between groups. Our findings of differ-
ences by cognitive ability in probabilities of childlessness and ever- 
marriage of 20 to 30 percentage points clearly show that partnership 

and childbearing are increasingly less likely for many men with low 
cognitive ability in contemporary Sweden. 
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