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Original Article

Background: Studies of couple fertility over time have often exam-
ined study populations with broad age ranges at a cross-section of 
time. An increase in fertility has been observed in studies that fol-
lowed episodes of fertility events either prospectively among nullipa-
rous women or retrospectively among parous women. Fertility has a 
biological effect on parity. If defined at a cross-section of time, parity 
will also be affected by year of birth, and thus becomes a collider. 
Conditioning (stratifying, restricting, or adjusting) on a collider may 
cause selection bias in the studied association.
Methods: A study with prospective follow-up was taken as the 
model to assess the validity of fertility studies. We demonstrate the 
potential for selection bias using causal graphs and nationwide birth 
statistics and other demographic data. We tested the existence of par-
ity-conditioning bias in data including both parous and nulliparous 
women. We also used a simulation approach to assess the strength of 
the bias in populations with prior at-risk cycles. Finally, we evaluated 
the potential for selection bias due to conditioning on parity in vari-
ous sampling frames.
Results: Analyses indicate that the observed increase in fertil-
ity over time can be entirely explained by selection bias due to 
parity-conditioning.
Conclusion: Heterogeneity in fertility and differential success in 
prior at-risk cycles are the ultimate factors behind the selection bias. 
The potential for selection bias due to parity-conditioning varies by 
sampling frame. A prospective multidecade study with representative 
sampling of birth cohorts and follow-up from menarche to meno-
pause would bypass the described bias.

(Epidemiology 2015;26: 85–90)

Since the milestone paper by Carlsen et al,1 potentially 
decreasing trends in male fertility have been debated 

worldwide, and the reproductive toxicity of environmental 
xenobiotics has become a concern in many countries. The 
few studies of couple fertility have variously shown increas-
ing2,3 and decreasing4 fertility over time, or no clear trend5 
(Table  1). None of the studies has followed the reproduc-
tive success of birth cohorts from menarche to menopause, 
or measured the fertility of women at all reproductive ages 
throughout the entire study period.2–5 Instead, the study popu-
lations have been established at a cross-section of time. In par-
ticular, two studies clearly showing an increase in fertility over 
time conditioned on parity.2,3 These study decisions motivated 
us to assess whether the observed increase could be caused by 
selection bias.6

In this paper, we focus on questionable conditioning 
on parity. As further reading, we refer to earlier studies that 
have discussed a number of selection problems and other 
methodologic issues in studies of fertility over time.3,7–10 A 
recent study using 5 European data set points out the need 
to consider cohort and period effects simultaneously.11 
Separate analyses of period and cohort effects in these data 
showed an increase in fertility over time, but a decrease 
was observed in the earlier female birth cohorts in mutually 
adjusted analysis. In eAppendix 1 (http://links.lww.com/
EDE/A838), we present selected key concepts and selection 
processes in studies of time trends in fertility.

Studies of Time Trends in Fertility
Table 1 presents the characteristics of the 4 studies on 

couple fertility over time.2–5 Time to pregnancy,2 subfertil-
ity,3 primary infertility,4 or their combinations5 were used as 
a measure of fertility. Study populations were established at 
a cross-section of time; 3 studies explored fertility events in 
the past,2,4,5 and 1 study, excluding parous women, focused 
on subsequent pregnancies.3 Data on fertility events were col-
lected at the first antenatal care visit in 1 study,3 and 1–51 
years after fertility events in other studies.2,4,5 One study3 was 
nationwide and included registered fertility information on all 
the births. Other studies collected data on fertility by inter-
views from population samples.2,4,5 In 3 studies, the age range 
at the cross-section was wide, including the entire reproduc-
tive age,2–4 but nearly all of the selected women in 1 study 
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had reached the end of their reproductive career.5 One study 
focused solely on the birth cohort effect,4 whereas 3 studies 
analyzed both cohort and period effects.2,3,5

Studying Birth Cohort Effect: Selection 
Bias Due to Conditioning on Parity

In general, associations between year of birth, fertility, 
and parity can be disentangled by a causal diagram (Figure A). 
The direction of causality is from biological fertility, through 
fecundability, to parity.9 Thus, fertility affects parity, and not 
vice versa. In addition, at a cross-section of time, causality 
goes from the year of birth to parity, but not vice versa. This 
is simply because parity increases along with increasing age. 
Parity is thus a collider, and in line with the graph theory, 
restricting the study to nulliparous women at a cross-section 
of time seems to cause a design-driven bias in the association 
between year of birth and fertility.6,12

We used the Swedish study of cohort effects3 as a 
model in assessing validity because of the availability of 
nationwide birth statistics and other demographic data. The 
study included all nulliparous women living in Sweden on 
31 December 1982, who subsequently gave birth to their first 
child in 1983–2002. Cohort effects were analyzed for women 
born between 1945 and 1979. We believe that the two condi-
tions—restriction to nulliparous at a cross-section of time and 
reproduced for the first time in a given period—have caused 
a selection bias toward increasing fertility over time due to 
the selective participation of the less fertile women in the 
earlier birth cohorts, and the more fertile women in the later 
birth cohorts. This study assumes that the excluded women, 
who had either reproduced before 1983 at younger ages or 
reproduced for the first time at an older age after 2002, have 

fertility similar to that of the eligible women from the same 
birth cohorts—which seems to be unlikely.

Selection by Year of Birth and Parity
The inclusion and exclusion of women by birth cohort 

in the Swedish study3 are described in Table 2. Using Swedish 
population statistics data on the mean female population in 
1984 and 1989,13 and the numbers of included pregnancies by 
birth cohorts,3 we estimated the proportion of women contrib-
uting to the follow-up. In the birth cohorts of 1945 to the late 
1960s, childlessness increased slightly in Sweden from about 
12% to about 14%.14 Combining the 3 above-mentioned data 
sources,3,13,14 we estimated the birth cohort-specific inclusion 
percentage among women who had ever delivered or would 
have delivered to be about 3%, 13%, 46%, 86%, 91%, 60%, 
and 24% for the 7 consecutive birth cohorts of 1945–1949 to 
1975–1979, respectively (Table 2). Women, mainly from the 
earlier birth cohorts, who had their first child at a younger age 
before 1983, were excluded. In contrast, the study included 
women, mainly from the later birth cohorts, who delivered 
their first child at a younger age during the study period 
(Table 2). Thus, inclusion was strongly related to the year of 
birth and parity across birth cohorts.3

Selection by Fertility
Not only the inclusion percentage but also the underly-

ing reasons behind inclusion differed between the birth cohorts 
of the study.3 With the sampling frame of that study, the asso-
ciation between parity and fecundability has previously been 
studied at cross-sections of time in women’s lives; here, the 
cross-section was the calendar time of beginning to try to con-
ceive. On the basis of several retrospective studies, the age-
adjusted fecundability of parous women appears to be about 

TABLE 1.  Studies on Time Trends in Fertility in Populations Established at a Cross-section of Time

Study Cohort Definition

Cross-section  
Year; Age  

Range (years)

Time of Data 
Collection in 

Relation to Fertility 
Events

No. Participants 
(participation percent) Focus Fertility over Time

Notkola (1995)4 Random sample from 

1938 to 1967 birth 

cohorts in Finland

1989

22–51

1–29 years later 4,155

(81.4)

All pregnancies 

and all periods of 

infertility included

C: decrease

Joffe (2000)2 Representative sample 

of British population 

aged 16–59 years in 

1996

1996

16–59

3–35 years later 1,540 (~70)

 

1st birth of parous 

women

P: increase and C: 

weak increasea

Jensen et al (2005)5 Danish twins from  

1931 to 1952  

birth cohorts

1998–1999

45–66

1–51 years later 1,715 women (81.3) 1st attempt C and P: no change 

or weak increase

Scheike et al (2008)3 Childless Swedish 

women on 31 

December 1982

1982

All ages

At birth 832,000 (very high) 1st birth C and P: increase

aFindings were not represented numerically. “The trend was much weaker in cohort analysis than in period analysis.2”
C, cohort effect; P, period effect.
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20–50% higher than that of nulliparous women.15–18 Moreover, 
the risk of delayed conception (>1 year) of nulliparous women 
was more than twice (28%) that of parous women (12%) in a 
prospective study.15 Thus, a population of reproductive-aged 
women, defined at a cross-section of time, has two compo-
nents: (1) parous women who, on average, are more fertile than 
their nulliparous counterparts and (2) less fertile nulliparous 
women. Consequently, a follow-up study that excludes parous 
women would show fecundability for earlier birth cohorts to be 
lower than it actually was. In effect, the inclusion was differen-
tially related to fertility, as in the Swedish study.3 We hypothe-
size that the magnitude of the bias due to parity-conditioning is 
related to the birth year-specific proportion of excluded women 
at the cross-section of time (for earlier birth cohorts) and at the 
end of follow-up (for later birth cohorts) (Table 2). We further 
propose that heterogeneity in fertility and differential success 
in episodes of unprotected intercourse by fertility in the past 
are the ultimate factors behind the selection bias.

Evidence of Parity-conditioning Bias from 
Other Data

To empirically test the existence of parity-condition-
ing bias, we studied the birth cohort effect using data from 
4 earlier studies among Finnish families of female and male 
workers.15,20–22 The range of the women’s years of birth was 
1933–1962. One pregnancy from 1973 to 1983 was randomly 
selected for each woman from hospital records. Data on time to 
pregnancy and parity were collected using questionnaires. The 
age of the woman was defined according to the time-to-preg-
nancy starting date. We considered truncation bias by restrict-
ing time-to-pregnancy starting dates between 1 July 1972 and 
31 December 1981. The data on time to pregnancy by continu-
ous maternal year of birth were analyzed using discrete pro-
portional hazards regression (SAS PROC PHREG procedure 
with exact handling of ties) providing fecundability density 

ratios (FDRs). All analyses were carried out using the Statisti-
cal Analysis System 9.4 program (SAS Institute, Cary, NC).

No trend in fertility was seen in the age-adjusted analy-
sis of birth cohort effect, which included all the women (n = 
950; FDR = 1.00 [95% confidence interval (CI) = 0.98–1.02]). 
A subset analysis of nulliparous women (n = 338) induced a 
strong trend toward an increase in fertility for each increas-
ing year of birth (FDR = 1.04 [1.00–1.07]). Thus, restriction to 
nulliparous women seems to have caused a selection bias in a 
setting not particularly designed for studying trends in fertility.

We cannot assess the true trend in fertility on the basis 
of these data because the original studies were not planned to 
assess time trends. Moreover, the analysis that includes one 
period of time to pregnancy per woman, independent of par-
ity, may still suffer from attrition-related bias and from other 
biases due to, for example, co-linearity problem. The effect of 
age, period, and cohort cannot be analyzed in the same model 
because of linear dependence of each other.11 Nevertheless, 
the data include both nulliparous and parous women, defined 
at the time-to-pregnancy initiation, and could therefore be 
used for demonstration purposes.

In eAppendix 2 (http://links.lww.com/EDE/A838), we 
describe a simulation approach to assess change in fertility in 
populations with varying proportions of childless women who 
have experienced at-risk cycles in the past. Both the number of 
prior at-risk cycles and proportion of women with prior at-risk 
cycles affect fertility and thus the strength of selection bias.

Key Issues in Selection Bias Due to Parity-
conditioning

Parity-conditioning is a selection process that can mani-
fest itself in a cross-sectional population sample of a wide age 
range. If such a sample is conditioned on parity, parity-con-
ditioning operates during the reproductive age of the women. 
As a distinction to truncation bias, in that selection problems 

TABLE 2.  Inclusion and Exclusion of Swedish Ever-delivered Women by Year of Birth and Observed Subfertility in the First 
Calendar Time Period in Scheike et al’s study3

Birth  
Cohort

Age in 1983 
(years)

Age in 2002 
(years)

Size of Birth 
Cohort in 
Sweden

(No.)

Included in the 
Study 

No. (%)

Childlessness 
(%) After 

Menopause13

Inclusion 
Percentage 

Among Ever- 
delivered 
Women

Exclusion 
Percentage Due 

to Timing of First 
Child

Observed 
Subfertility 
(%) in the 

First Calendar 
Time Perioda

Before 
1983

After 
2002

1945–1949 34–38 53–57 327,588 7,447 (2) 12 ~3 ~86 0 14.5

1950–1954 29–33 48–52 286,467 32,226 (11) 13 ~13 ~76 0 15.0

1955–1959 24–28 43–47 275,844 111,200 (40) 13 ~46 ~47 0 13.8

1960–1964 19–23 38–42 277,831 207,691 (75) 13 ~86 ~10 ~2 8.4

1965–1969 14–18 33–37 288,176 227,576 (79) 13 ~91 0 ~8 6.7

1970–1974 9–13 28–32 275,663 140,904 (52) 14 ~60 0 ~34 6.7

1975–1979 4–8 23–27 248,547 51,559 (21) 14 ~24 0 ~64 4.7

aFirst calendar time period refers to ages below 25 years for cohort categories born later than 1954, 25–29 age group for 1950–1954 birth cohort, and 30–34 age group for 
1945–1949 birth cohort.

http://links.lww.com/EDE/A838
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in inclusion lie at both ends of the study period, parity-condi-
tioning can also be viewed as truncation during reproductive 
age (Figure B). We propose that heterogeneity in fertility and 
differential success in episodes of unprotected intercourse in 
the past are the ultimate factors behind the selection bias.

Potential for Selection Bias in Studies of Cohort 
Effect: Impact of Sampling Frame

In Table 3, we summarize the potential for parity-condi-
tioning bias and attrition-related bias in studies of cohort effects 
with varying sampling frames. The study among Danish twins5 
included only women who had finished their reproductive career, 
leaving no room for the proposed bias. The same study found 

little evidence of change in fertility across birth cohorts. The 
Finnish study not only included women within the reproductive 
age range at the time of interview but also requested informa-
tion on periods of primary infertility.4 It therefore does not suffer 
from parity-conditioning bias, but the findings are supposedly 
biased toward decreased fertility over time due to infertility mis-
classification.9 Moreover, the study provides very little informa-
tion on the fertility of the youngest birth cohorts.

The British study consisted of a representative sample of 
the population aged 16–59 years in 1996.2 Time to pregnancy 
for the first birth during 1961–1993 was included. This study 
was also conditional on parity, but, in contrast with the Swed-
ish study,3 it included only parous women at the cross-section 

TABLE 3.  Parity-conditioning Bias and Attrition-related Biasa 
in Studies of Fertility over Time, by Direction of Follow-up. 
In all the Designs, Study Population has been Defined at a 
Cross-section of Time, and the Focus is on Cohort Effects.

Age Range at Cross-
section of Time, and 
Conditioning on Parity

Susceptibility to  
Parity-Conditioning and 
Attrition-related Biases Study

Retrospective follow-up

  Women past menopause 

or finished  

reproductive career

Free from both biases Jensen et al5

  Wide age range at  

  cross-section of time

  �N  o conditioning  

  on parity

Free from both biases Notkola4

  �C  onditional on parity Susceptible to  

parity-conditioning bias

Joffe2

Free from attrition-related 

bias 

Prospective follow-up

 C ross-section before 

menarche (multidecade  

follow-up)

Free from both biases No available  

studies

  Wide age range at  

  cross-section

  �N  o conditioning  

  on parity

Oldest birth cohorts: 

susceptible to  

attrition-related bias

No available  

studies

Youngest birth cohorts: 

susceptible to  

parity-conditioning bias

  �C  onditional on parity Oldest birth cohorts: 

susceptible to both 

biases

Scheike et al.3

Youngest birth cohorts: 

susceptible to  

parity-conditioning bias

aTogether with low desired family size, heterogeneity in fertility leads to a selection 
process called attrition. Attrition is a process that operates before the study period 
through differential success of pregnancies among fertile and less fertile couples. The 
most fertile couples reach the desired family size at a younger age and are not at risk in 
further follow-up.

FIGURE.  Two simplified illustrations of causal relation between 
year of birth, fertility, and parity in study populations established 
at a cross-section of time. Determinants of fertility that may 
have been changing over time (eg, changes in demographic 
patterns, smoking, hygiene, and environmental exposures) are 
not included in the figures. (A) A causal diagram. A causal rela-
tion between fertility and parity (solid line) is biologic. Once 
the study is restricted to nulliparous women (conditioning on 
parity marked with a rectangle), a strong conditional design-
driven relation between year of birth and parity is induced 
(dashed line). Parity is a common effect of year of birth (expo-
sure), and fertility (outcome), ie, a collider. According to graph 
theory,6,12 conditioning on a common effect opens the path 
between year of birth and fertility association, thereby inducing 
selection bias. (B) Lexis diagram for 1945–1975 birth cohorts 
in a study including women who gave birth during the study 
period 1983–2002 (area B). The areas refer to the aging of par-
ticipants and to dates for the initiation of pregnancy attempts 
at the age of 20 years or older. The grey area A includes 3 types 
of ever-reproducing women: (a) Women who gave birth to one 
or more children prior to 1983; and childless women (b) with 
no, or (c) with one or more prior cycles at risk of pregnancy. 
The grey area C refers to women who reproduce for the first 
time after the study period, and are thus excluded. A study 
without any restriction on age or parity would include first at-
risk cycles of women from ~1960 to 2020.
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of time. This sampling design supposedly did not cause par-
ity-related selection in the oldest birth cohorts, as they had 
completed their reproductive career. However, the proportion 
of highly fertile women will gradually increase among the 
included women along with increasing year of birth. Thus, a 
study conditional on parity and focusing on past fertility events 
is liable to be biased toward increasing fertility over time. To 
our knowledge, no studies have defined the study population at 
the age of menarche. As shown above, settings not particularly 
designated for studying trends in fertility are likely to suffer 
from the proposed biases, as well, if conditioned on parity.

Selection in the Period Analysis
Could the findings on period effect also be biased? 

The most fertile women from the earliest birth cohorts were 
underrepresented in the Swedish study, whereas the latest 
birth cohorts had an excess of the most fertile women.3 More-
over, the oldest women contributed mainly to the early years 
of the study period, and the youngest women to the later years. 
Thus, it is likely that a study based on nulliparous women is 
also biased toward increasing fertility over time in the period 
analysis. It is not plausible that a British study population of 
parous women aged 16–59 years at a cross-section of time 
would be valid to study period effects for the last 33 years.2

CONCLUDING REMARKS
Earlier studies have documented a number of selection 

problems that should be considered in studies on trends in 
fertility. We propose that one must also avoid parity-condi-
tioning bias and must consider attrition-related bias in certain 
sampling designs. Otherwise, a study will reflect the relation 
between parity and fecundability, rather than changes in fertil-
ity across birth cohorts. Restriction to nulliparous women has 
been recommended for studies on reproductive health in gen-
eral.23 However, restricting the study of cohort effect to nul-
liparous women may produce misleading results, as we have 
indicated. A subset of nulliparous women could be used in 
populations with strong restrictions to premarital sex, eg, some 
Muslim populations.24 In an ideal study on cohort effects, the 
study population should be solely defined on the basis of birth 
cohorts, and reproductive success from several birth cohorts 
should be followed from menarche to menopause. A study 
of period effects would prospectively measure the fertility of 
women at all reproductive ages during the entire study period.

Any change in couple fertility would be a matter of 
public health importance.25 Although there are considerable 
potential biasing factors in studies of time trends in fertility,7–10 
we share the view of some commentary writers that valid sur-
veillance systems should be established to detect such fertility 
change.26–28 Due to methodologic limitations in the conducted 
studies, the question of a possible decline or increase in human 
capacity to conceive remains unanswered. The analyses we 
present herein provide insights into how to avoid parity-condi-
tioning and attrition-related biases in such studies.
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Appendix 1. Key concepts and selection processes in studies of time trends in fertility. 

 

Fertility We use "fertility" as a synonym of fecundity i.e. reproductive capacity. 

Fertility is a continuum rather than a dichotomy. 

Parity Number of births for a given woman. 29 In this paper we are mainly interested 

in parity at a given calendar time. A woman with no previous births is 

nulliparous; otherwise she is parous. 

Fecundability The probability of conception in a cycle. Fertility and fecundability vary 

considerably in humans. => heterogeneity 

Heterogeneity  Heterogeneity is important in fertility studies because women can have 

multiple periods of being at risk of pregnancy during their reproductive age. 30, 

31 Fertile couples, on average, have more children than their less fertile 

counterparts. 32 

Attrition Together with low desired family size, heterogeneity leads to a selection 

process called attrition. Attrition is a process that operates before the study 

period through differential success of pregnancies among fertile and less fertile 

couples. The most fertile couples reach the desired family size at younger age, 

and are not at risk in further follow-up.  

Truncation Truncation is design-driven selection and operates within the study period by 

differential inclusion of pregnancies by the length of pregnancy attempt at both 

ends of the study period. 3 In a cross-sectional population sample, couples with 

long waiting times are overrepresented at the start of follow-up but 

underrepresented at the end. 

Collider  A variable is called a collider when it is the common effect of two or more 

variables in a causal path. 33 Conditioning (stratifying, restricting or adjusting) 

on a collider may cause selection bias in the studied association. 6, 12 
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Appendix 2. A simulation approach to assess the strength of bias due to restricting the study to 

nulliparous women at a cross-section of time  

 

The simulations below refer to a study population defined at a cross-section of time (T0), and to 

birth cohorts which, at T0, have reached reproductive age, i.e. women aged 20–40+ years in the 

Swedish study. 3 The first time to pregnancy event after T0, leading to the birth of a child, is 

followed. The simulations approximately correspond to 1945–1960 birth cohorts, but not to 1961–

1979 birth cohorts. 3 

 

Assumptions: 

- An original population (A) of 100,000 women, referring to an entire birth cohort with a 

mean effective fecundability 34 of 0.3 and STD of 0.188. The women have no prior at risk 

cycles at T0. 

- Four other populations of 100,000 women (B1–B4) with an identical fecundability 

distribution to that in population A. The women in populations B1–B4 have experienced N 

= 1, 2, 4, or 8 at risk cycles prior to T0, and, in part, are parous. 

- All the women in population A are childless and eligible for the study at T0, but as in the 

Swedish study 3, only childless women at T0 are eligible for the study in the B1–B4 

populations. 

- Female age and other determinants of fertility are assumed to be considered adequately. 

Also, for simplicity, all the pregnancies are assumed to end in birth. We refer here to 

effective fecundability 34: pregnancy is defined to have started in a given menstrual cycle if 

and only if the pregnancy ended in the birth of one or more children. 
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A simulation study on time to pregnancy was conducted among nulliparous women in populations 

A and B1–B4. Difference in fecundability or infertility in populations B1–B4 as compared to 

population A describe the strength of selection bias between women with and without prior at risk 

cycles. 

 

Findings 

The study populations include all the 100,000 women from population A, and a varying number of 

nulliparous women from populations B1–B4 (Table 1.). The number of eligible population B 

members depends on the number of prior cycles and fecundability of subjects, and is 70,192 for 

N=1 prior at risk cycle, 52,495 for N=2, 33,764 for N=4, and 18,105 for N=8. This means that 30% 

(as could be expected on the basis of a mean fecundability of 0.3), 47.5%, 66.2%, and 81.9% of the 

women had become pregnant by cycle 1, 2, 4, or 8, respectively.  

 

Table 1. Infertility and fecundability of nulliparous women in population B1–B4 by number of prior 

at risk cycles not leading to pregnancy as compared to the entire non-selected population A. 

Number of participants in the reference population (original population A) is 100,000 in all the 

analyses. 

Cycles at risk 

prior to T0 

N of nulliparous women included 

in populations B1–B4 

Subfertility OR 

(95% CI) 

Fecundability density  

ratio (95% CI) 

1 B1: 70,192 (70.2%) 1.37 (1.33–1.41) 0.86 (0.85–0.87) 

2 B2: 52,495 (52.5%) 1.70 (1.65–1.75) 0.75 (0.75–0.76) 

4 B3: 33,764 (33.7%) 2.49 (2.41–2.58) 0.61 (0.61–0.62) 

8 B4: 18,105 (18.1%) 4.09 (3.95–4.25) 0.46 (0.45–0.47) 
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As expected, fecundability decreases and subfertility increases along with the number of prior at 

risk cycles. 

 

The pregnant women at T0 in this simulation experiment cannot be directly compared to the eligible 

women in the Swedish study, 3 rather the eligible women in the Swedish study constitute an 

unknown proportion of women both without (population A) and with one or more prior at risk 

cycles (populations B1–B4), who eventually reproduced during the study period. 

Next, we aim to mimic what could happen in true human populations over time. The 

focus is strictly on heterogeneity in fertility and the number of prior unprotected cycles. In true 

human populations, it is an unrealistic assumption that: A) only women without prior at risk cycles 

would try to conceive in a given time period, or B) only women with prior at risk cycles would try 

to conceive in a given time period after T0. As regards parity conditioning, the validity of the 

Swedish study 3 depends on assumption A.  

 

To conduct a comprehensive simulation to assess the potential strength of parity conditioning, one 

would need at least the following age and cohort-specific assumptions: 

- Prior to T0: Number (distribution) of cycles until women stop trying if not pregnant. This 

assumption should be made for all ages and cohorts separately. 

- N1 and N2: the number of nulliparous women with and without prior at risk cycles 

(population B above), and the proportion of these women attempting pregnancy during the 

study period or having unattended at risk cycles during the study period. Data on time to 

pregnancy among those giving birth to a child. Even better would be collecting information 

on all at risk cycles independent on attempt. This assumption should also be made for all 

ages and cohorts separately. 

There is no information on non-successful at risk cycles in true human populations. 

Also, it is unrealistic to assess the number of women in these two groups (N1 and N2) for any birth 
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cohort. However, it is a more reasonable assumption that the N1 / N2 ratio increases along with 

increasing age, and is thus higher in earlier birth cohorts than in later birth cohorts. In one woman, 

the number of unprotected cycles can increase over time or remain the same but cannot decline. 

Should there be a systematic cohort specific change in the N1 / N2 ratio i.e. in proportions of 

“Women with no prior at risk cycles“ and “Women with one or more prior at risk cycles” 

attempting  pregnancy, a change in fertility over time would be observed. 

In Table 2, we show fecundability and subfertility (no pregnancy within 12 cycles) in a) 

populations of nulliparous women having experienced: 1, 2, 4, or 8 prior cycles, and b) a varying 

proportion of women with prior cycles as compared to the original population. For each cell in 

Table 2, the size of the selected population B is the same as that in Table 1. The size of the non-

selected population A is set to a given number to achieve the proportions of 20%, 40%, 60% and 80 

% for women with prior at risk cycles.  

 

Interpretation 

 

For example, a subfertility per cent of 14.3 (prior cycles=2, proportion=40%) would mean a 

subfertility odds ratio of about 1.26 in comparison to the original population. This finding is 

comparable with the findings of the Swedish study 3 for 1945 to 1960 birth cohorts. Relative 

subfertility decreased from about 1.2 to 1.0 from the 1945 birth cohort to the birth cohort 1960 

(Figure 2 in reference 3). 

 

Simulation findings suggest that restriction to nulliparous women may cause a bias towards increase 

in fertility over time. The strength of the bias may well equal or even exceed the strength of the 

observed trend in true studies. 3, 2 
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eTable 2. Mean fecundability and subfertility (%) in populations according to the varying proportion of childless women with prior at risk 

cycles. Original population: Mean fecundability 0.300, subfertile 11.8%. 

 

 Proportion of childless women with prior at risk cycles among those who try to get pregnant. 

Prior at risk cycles 20% 40% 60% 80% 

1 Mean fecundability: 0.290 

Subfertile: 12.4% 

Mean fecundability: 0.280 

Subfertile: 13.0% 

Mean fecundability: 0.269 

Subfertile: 13.8% 

Mean fecundability: 0.259 

Subfertile: 14.4% 

2 Mean fecundability: 0.283 

Subfertile: 12.9% 

Mean fecundability: 0.266 

Subfertile: 14.3% 

Mean fecundability: 0.249 

Subfertile: 15.6% 

Mean fecundability: 0.232 

Subfertile: 17.0% 

4 Mean fecundability: 0.274 

Subfertile: 14.1% 

Mean fecundability: 0.247 

Subfertile: 16.6% 

Mean fecundability: 0.220 

Subfertile: 19.3% 

Mean fecundability: 0.194 

Subfertile: 21.7% 

8 Mean fecundability: 0.263 

Subfertile: 16.2% 

Mean fecundability: 0.225 

Subfertile: 20.9% 

Mean fecundability: 0.188 

Subfertile: 25.6% 

Mean fecundability: 0.151 

Subfertile: 30.1% 
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a population that is representative of all 
women who have given birth, the popu-
lation of first births is appropriate. This 
is because all women who have a birth 
have a first birth.

Another way of putting this is 
that biological fertility is a property of 
the individual (or couple), not of each 
pregnancy. Inclusion of more than one 
pregnancy per woman can therefore 
introduce bias.

Three of the studies cited by Sall-
mén et al. studied the first birth or the 
first attempt at conception. It is just plain 
wrong to describe these as having “con-
ditioned on parity.”

The other study4 included all preg-
nancies, so excessive weighting was 
given to the relatively fertile women, who 
were counted twice (or more). That arti-
cle’s finding that fertility decreased over 
time is therefore subject to the bias that 
as family size decreased over time in Fin-
land (as elsewhere), this over-weighting 
became less pronounced, generating an 
apparent—but false—downward trend in 
biological fertility. This is the one empiri-
cal article in the literature where parity-
conditioning bias is present.

In the simulation presented by 
Sallmén et al.,1 they do not make this par-
ticular error, but they make a related one, 
albeit weaker. They consider only one 
pregnancy per woman, which is valid. 
The problem is that the pregnancy can 
be anywhere in the birth order, randomly 
chosen. When this is from a second or 
subsequent pregnancy, it is likely to have 
been to a relatively fertile woman for the 
reasons already given. The valid compar-
ison would be confined to first pregnan-
cies; their inclusion of subsequent ones 
introduces a weaker form of parity-con-
ditioning bias than in the Notkola article.

It should be apparent from this dis-
cussion that maternal age does not enter 
into the consideration of this particular 
bias. Introducing it, and the causal dia-
gram in Figure A of the article by Sall-
mén et al., only confuses the situation.

Selection Bias Due to 
Parity-conditioning in 
Studies of Time Trends 

in Fertility

To the Editor:

The recent article by Sallmén et al.1 
raises the issue of “parity-condition-

ing bias”: women (or couples) of low 
biological fertility tend to have, on aver-
age, fewer children; their family size is 
limited by biological factors.1,2 As the 
article correctly says, “fertility affects 
parity,” potentially causing bias—but it 
then gets the bias the wrong way round.

Time to pregnancy can be assessed 
only for women who have had at least one 
birth—unless augmented by information 
on infertile phases, as recommended.3 To 
obtain unbiased estimates of fertility in 
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To the Editor:

We thank Michael Joffe for his  
letter1 pertaining to our article on 

selection bias due to parity conditioning 
in studies of time trends in fertility.2 We 
agree that studying the first pregnancy or 
attempt in a population that is representa-
tive of all women is appropriate, and were 
happy to see that Michael Joffe shared 
our view on the direction of causality 
from fertility to parity. However, in our 
opinion, he makes incorrect conclusions 
regarding the existence and direction of 
the selection bias2 in the referenced stud-
ies.3–6 Our arguments are as follows:

First, and most importantly, Michael 
Joffe ignores the key issue behind parity-
conditioning bias in this context, namely 
the definition of a study population with a 
wide age range at a cross section of time. 
The Swedish study consisted of all nullip-
arous women living in Sweden on Decem-
ber 31, 1982, who subsequently gave birth 
to their first child in 1983–2002.4 The two 

http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/DIETARY_MEC.pdf
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FIGURE.  Lexis diagram for 1945–1975 birth cohorts and the follow-up periods 
of three example studies. Arrow 1 A study without any restriction on age or parity 
includes first at-risk cycles of women during ~1960–2020. Two other studies exam-
ine study populations with broad age ranges at a cross section of time and condi-
tion on parity. Arrow 2 A study with a prospective follow-up including only women 
who gave birth during the study period 1983–2002 (area B)4 excludes women who 
were parous on 31.12.1982 (gray area A), and those who remained nulliparous 
after the study period (gray area C).4 A part of the included women from earlier 
birth cohorts 1945–1960 supposedly have experienced unsuccessful prior at-risk 
cycles, and thus are less fertile than those who reproduced before 1983. By con-
trast, some of the excluded women in the later birth cohorts ~1962–1975 suppos-
edly have experienced unsuccessful at-risk cycles during the study period, and thus 
are less fertile than those who reproduced. Arrow 3 A study with a retrospective 
follow-up excluding women who remain nulliparous at the cross section3 suffers 
from the latter selection problem unless information on prior infertile phases or at-
risk cycles have been collected.

conditions (nulliparous on December 
31, 1982 and reproduced in 1983–2002) 
resulted in a major difference in eligibil-
ity between different birth cohorts, with 
inclusion varying from 3% (birth cohort 
1945–1949) to 91% (1965–1969), and 
further to 24% (1975–1979).4 Moreover, 
eligibility was strongly related to par-
ity at the cross section, and thus also to 
fertility—a finding that is indicative of 
selection bias. Women with first birth at 
a younger age were excluded from the 
earlier birth cohorts, but included in the 
later birth cohorts. The opposite was true 
for women with first birth at an older age. 
This selection by parity is illustrated in 
the Lexis diagram (Figure). The most 
extreme difference in eligibility was 
between women born in 1945 and 1979. 
The 1945 cohort members should have 
had their first child at the age of 37 years 
or over to be included, whereas the 1979 
cohort members should have reproduced 
before 24 years old. This comparison is 
simply not reasonable. The ultimate fac-
tors behind the selection bias are hetero-
geneity in fertility and differential success 
in at-risk cycles before the study period 
(earlier birth cohorts) or during the study 
period (later birth cohorts).

Second, the Finnish study5 did not 
include more than one pregnancy per 
woman. The study addressed primary 
infertility defined as an attempt to become 
pregnant that lasted 12 months or more 
before the first birth. Five-year age group-
specific primary infertility increased from 
that of the 1938–1949 birth cohort through 
that of the 1950–1959 cohort to that of the 
1960–1967 cohort. As indicated earlier, 
the findings of that study5 may be biased 
toward decreased fertility over time due to 
infertility misclassification.7

Instead of only including births 
that occurred during a common, arbi-
trary study period independent of the 
year of birth, a follow-up of all the 
birth cohorts should start at menarche 
and last until first pregnancy or until 
menopause. Otherwise the findings may 
suffer from parity-conditioning bias. In 
conclusion, as regards the existence and 
direction of parity-conditioning bias, 
we firmly maintain our original stand.2
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