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Changes in the comprehensive
unassisted pregnancy rate as a
possible marker of declining human
fecundity
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Recent decades have seen declining total fertility rates (TFR) globally, alongside increased use of
assisted reproductive technology (ART). However, TFR includes ART births and excludes induced
abortions, complicating assessments of population fecundity. Here, we examine trends in cohort total
fertility rates (cTFR), induced abortions, and ART use through a nationwide cohort study of 1,648,971
pregnancies, including abortions, among Danish women aged 15-45 years born between 1958 and
1999. A new index, the Comprehensive Unassisted Pregnancy Rate (live births and induced abortions,
excluding ART births), was developed. Our findings reveal a decline in unassisted pregnancy rates

for women born after 1961, with an accelerated decline for those born after 1970. In contrast, cTFR
increased for women born between 1958 and 1970 before decreasing, driven by trends in induced
abortions and ART births. These differences highlight a disconnect between cTFR and fecundity
measures. The declining unassisted pregnancy rates, reduced abortions, and increased ART demand
raise concerns about population fecundity. Understanding these trends’ biological and socioeconomic
drivers requires large-scale, transdisciplinary studies of representative populations. Our results
emphasize the need for alternative measures, like the Comprehensive Unassisted Pregnancy Rate, to
assess reproductive health and fertility trends accurately.
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Declining trends in fertility rates in recent decades have been reported in all parts of the World"2. This decline
has occurred in parallel with a rising number of couples seeking help to conceive in the form of treatment with
assisted reproductive technology (ART)3. In almost all OECD countries, the total fertility rates (TFRs) have
been below the replacement level (i.e., 2.1 children per woman) for more than a generation, resulting in ageing
populations and rising concern that a deteriorating human fecundity (i.e., the biological ability to conceive)
may be involved*. However, TFRs, annually reported by the World Health Organization and national agencies
to inform the public and policymakers about birth rates and population development, cannot be considered a
reliable marker of population-level fecundity as (a) births following ART are included in TFR and (b) pregnancies
terminated by induced abortion are not considered. Furthermore, changing birth rates, as reported in TFR,
may represent a change in the use of contraception or induced abortions in societies where these are made
readily available. In addition, socio-economic and cultural aspects are undoubtedly influential determinants
that also shape a nation’s birth rates. The effect of these aspects can moreover be detected in the tempo effects
of TFR, which can distort the interpretation of fertility trends. Nevertheless, the interplay of these factors on a
population’s birth rate is important and often reliant on assumptions rather than evidence, primarily due to a
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lack of available data. To address this gap, we have™® proposed to supplement existing registries with a registry
that contains comprehensive information on pregnancies, including both live births and induced abortions.
While this tool is in its early stages, it could serve as a starting point for exploring population-level trends in
reproductive outcomes and informing future research directions.

We report new national data showing declining trends in unassisted pregnancies as expressed in the
Comprehensive Unassisted Pregnancy Rate (CUPR), defined as the generation total rate of live births and
induced abortions, excluding births after ART. Our findings raise questions about changes in couple fecundity
of the population.

Materials and methods

Study design and study population

This nationwide registry-based time-series study includes complete information on all registered pregnancies in
Denmark for women aged 15-45 years born between 1st January 1958 and 31st December 1999”. The individual
personal identification numbers given to all Danes at birth or permanent residency since 1968 enabled the
linkage of several Danish nationwide registries (Supplemental Material Fig. 1) and naturally conceived live births,
births resulting from ART (including in vitro fertilisations, oocyte donations, and frozen embryo transfers), and
induced abortions were identified. In the Danish context, admittance to fertility treatment can only occur after
12-months of attempted conception without contraception. The Danish registry specifically for ART treatments
was established in 19948, and induced abortions have officially been recorded since its legalisation in 1973°. This
setup allowed a nearly complete follow-up on registered pregnancies for women born between 1958 and 1999
from the age of 15 up until the calendar year 2019 (the misclassification of 1,554 ART pregnancies!® during the
period from 1983 to 1994, the time when the registry was established, was deemed to have only a minor impact
on the results). Up until Ist April 2004, a live birth was registered due to ART if the child was born 196-308 days
after ART and subsequently if the child was born 154-308 days after ART. The reason for the change in counting
was a change in the differentiation between spontaneous abortion and birth in Denmark from 28 to 22 weeks
of gestation. Data on contraception prescriptions, including ATC codes GO3A (hormonal contraceptives
for systemic use) and G02B (contraceptives for topical use) in the period 1995-2020 was retrieved from the
prescription registry!! to add information on an additional factor influencing pregnancy rates.

Statistical analysis
Cohort total fertility rates, total induced abortion rates and total ART birth rates were calculated as the number
of births or pregnancies per woman within each cohort!:

x—1
Total rate(y ) = Z f(z,c)

Tmin

The rates were calculated for all cohorts c that are observed from age xmin that is equal to age 15 until age 40 or
older in 2023. The cohort total fertility rate was defined as the total number of children that are born to a woman
over her lifetime as a result of spontaneous or assisted conception through ART. Women’s age at the birth of
a child or induced abortion was calculated by subtracting the date of birth of the child or the date of induced
abortion from the date of birth of the woman. The number of women within their reproductive lifetime was
calculated as the number of women alive in Denmark within the same birth cohort by the 1st of July within a
year. It was calculated for each birth cohort of women born between 1958 and 1999 and for each 1-year or 5-year
age group using data from the Danish Population Register. Age- and cohort-specific CUPR were calculated by
adding cTFRs and induced abortion rates followed by subtraction of ART birth rates, and defined as the total
number of pregnancies resulting in live birth or induced abortion, but excluding births after ART. CUPR, which
is conceptually identical with the previously used term Total Natural Pregnancy Rate'2, provides a more precise
and neutral descriptor and is used throughout this paper.

The CUPR rates were calculated by summarising consecutive age-specific rates for birth cohorts 1958-1999.
The CUPR is proposed here as a proxy measure intended to approximate the population-level unassisted
pregnancy rate (live births and induced abortions). It does not directly measure biological fecundity, and should
therefore be interpreted with caution and not as a definitive indicator of fecundity. For the cohorts 1979-1983
the CUPR and cTFR was calculated until the highest possible age in 2023 (i.e. 40 years in 2023).

Ethical approval

This study was conducted using data from national registers only. According to Danish law, ethics approval is not
needed for this type of research under the Scientific Ethical Committee Act. All data management and analyses
were carried out on Statistics Denmark’s secure research servers. The study only contains aggregated results and
no personal data.

Results
The registry linkage identified 1,039,634 pregnancies resulting in a live birth, of which 20,248 were live births
following ART and 609,337 pregnancies resulting in an induced abortion (Supplemental Material Fig. 1).

All birth cohorts had cTFRs below the population replacement level of 2.1 children per woman (Fig. 1).
The cTFR depicted an increase from women born in 1958 (1.86 children per woman) to women born in 1970
(1.99 children per woman), followed by a decrease for women born until 1983 (1.87 children per woman). A
slight increase in the CUPR was observed for women born between 1958 (2.40 pregnancies per woman) and
1961 (2.45 pregnancies per woman), whereafter the CUPR decreased for the following cohorts, reaching 2.26
pregnancies per woman in the 1983 cohort (Fig. 1).
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Cohort Total Fertility Rates (cTFR) and
Comprehensive Unassisted Pregnancy Rates (CUPR)
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Fig. 1. Cohort total fertility rates (green) and Comprehensive Unassisted Pregnancy Rate (red) of Danish
birth cohorts. The X-axis represents the birth cohorts from 1958 to 1983. The Y-axis represents the cohort total
fertility rate (cTFR) and Comprehensive Unassisted Pregnancy Rate (CUPR), ranging from 0.0 to 2.5. Two
plotted trend lines further indicate the rates. Note that the measures show opposite trends from 1961 to 1970,
with a gradual shift in their difference from 0.53 for women born in 1958 to 0.31 for women born in 1983.

In general, women across successive birth cohorts tended to have fewer births at younger ages. However, total
and cumulative cohort fertility rates caught up at older ages and increased until the 1970 cohort (Figs. 1 and 2).
In contrast, there was a distinct decline in CUPR across all age groups for each birth cohort younger than the
1961 cohort (Fig. 3).

Women in successive cohorts exhibited a decrease in induced abortion rates across all age groups, except
those born between 1985 and 1989, where the rates surpassed the three preceding cohorts (Supplemental
Material Fig. 2A). Finally, there was a noticeable and gradual rise in the cohort birth rate following ART among
younger cohorts and at younger ages (Supplemental Material Fig. 2B). Excluding intrauterine inseminations
from the CUPR had only minor effects (Supplemental Material Fig. 2).

Discussion

In this study, utilizing data linked to personal identification numbers from nationwide registries, we were able
to do a complete follow-up of all Danish women on their pregnancies covering (1) all births, (2) a separate
registry on births after ART, and (3) a registry on induced abortions. Our results based on observed data align
with our previous projections™®, and we observed a decline in the Comprehensive Unassisted Pregnancy Rate
(CUPR) within complete follow-up of birth cohorts of women born from 1961 onward. These changes unfolded
consistently across successive decades, from their adolescence to the conclusion of their reproductive period.
Notably, a rise in total births co-occurred with a decline in CUPR until the cohort of women born in 1970. These
contradictory trends indicate a clear difference between the two rates and that CUPR, reflecting unassisted
pregnancies (including induced abortions), is potentially better fitted as a proxy of fecundity than rates of total
births. The overall declines observed in the number of pregnancies pose an essential question on whether these
trends are a consequence of women’s and couples’ deliberate intentions to have fewer children than preceding
birth cohorts or whether the decreases are a possible consequence of increasing reproductive health issues in
the population, or lastly, whether the declines are due to a combination of reproductive health and sociocultural
factors. E.g. if socio-cultural factors postpone the onset of reproduction (i.e. increased maternal and paternal
age), which again would impose reduced fecundity or if reduced fecundity delays reproductive success.

Results in the context of what is known

If the declining pregnancy rates were, in fact, due to a collective change in desire for fewer children and fecundity
was constant, it could be anticipated that unplanned pregnancies would more frequently result in abortions.
Contrary to this anticipation, abortion rates have also declined within the same period (Supplemental Material
Fig. 2A). This trend could be attributed to pregnancies becoming more planned recently. However, reports have
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Fig. 2. Cumulative birth rates across birth cohorts of women born between 1958 and 1999. The X-axis
represents women’s ages from 15 to 45 years. The Y-axis represents the cumulative birth rate per woman,
ranging from 0.0 to 2.5. Multiple cohort lines ranging from the 1958 to the 1999 birth cohort are plotted on the
figure. Each line indicates the respective cohort’s cumulative birth rate, starting from the lowest values at age 15
and peaking before age 45.

shown that despite the availability of modern contraception, approximately half of all pregnancies are unintended,
though not necessarily unwelcome!>!. Such pregnancies may occur during assumed ‘safe’ periods, during a
change of contraceptive method, or due to forgetfulness. Yet, we observed a decline in prescribed contraception
use amongst cohorts of Danish women, especially at younger ages (Supplemental Material Fig. 2C), providing
little evidence that the declining abortion rate was a reflection of increased use of contraception. While the
simultaneous decline in both the induced abortion and contraceptive prescription rates may be independent of
one another, they both point to broader changes in reproductive behaviours. Although the relationship between
these trends and how their decline impacts the CUPR is speculative, it is worth considering further, as it could
provide valuable insights into the factors influencing population-level fecundity. The change in the abortion rate
could also express a change in population fecundity, as suggested in a recent study'>~15.

Study implications

Based on our findings, the declining pregnancy rates can not solely be accounted for by changes in contraception
practices. Thus, it is imperative to explore additional, contributing factors. It is well documented that infertility
and the need for ART are prevalent among young couples in Denmark, as well as globally, where there has
been a decline in semen quality!®-2!. There has moreover been a rise in the incidences of male reproductive
disorders?>?. These reproductive health problems have occurred within a short span of one or two generations,
making genetic alterations an unlikely explanation. However, evidence has accumulated that environmental
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Fig. 3. Comprehensive Unassisted Pregnancy Rates (CUPR) across birth cohorts of women born between
1958 and 1999. The X-axis represents women’s ages from 15 to 45 years. The Y-axis represents the cumulative
CUPR, ranging from 0.0 to below 2.5. Multiple cohort lines ranging from the 1958 to the 1999 birth cohort are
plotted on the figure. Each line indicates the respective cohort’s CUPR, starting from the lowest values at age 15
and peaking before age 45.

pollutants may be involved?!-. The mammalian foetal testis is particularly vulnerable to chemical exposures,
which have been associated with testicular dysgenesis syndrome both in animal models and humans. This
syndrome, besides cryptorchidism and hypospadias, may also manifest late effects in the form of poor semen
quality, infertility, and testicular cancer?.

Exposures to endocrine disruptors may impact female reproductive health as well*”. However, our recent
literature review did not find substantial evidence of similar trends in female reproductive health?. Nonetheless,
the global incidences of polycystic ovary syndrome?® and uterine fibroids?® have been reported to be increasing.
Furthermore, the trend among young couples to postpone family planning until the female partner is above
30 (and physiologically less fecund) may decrease the chances of conception for some couples?®. Physiological
ageing of the ovary, combined with poor semen quality of the male partner, may well explain some of the trends
in declining CUPR.

Strengths and limitations

The unique Scandinavian registry system with personal identification numbers made this study possible.
It provided a complimentary tool to assist in the surveillance of all pregnancies in the population, thereby
potentially reflecting changes in fecundity. The possibility of capturing all pregnancies by their source and
including ART and induced abortions makes these nationwide trends highly relevant. While the comprehensive
nature of the Danish registry data allows for detailed tracking of pregnancy trends, it remains an observational
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dataset, and alternative explanations, such as changing reproductive behaviour, must also be considered. Trends
in societal norms, contraceptive efficacy and use, pregnancy timing, or changes in sexual activity could all
influence CUPR independent of fecundity. Furthermore, a limitation of the current study is that our data do not
allow us to differentiate between medically necessary and elective-induced abortions. While conceptions linked
to medically necessary abortions are generally less likely to result in a successful live birth, the CUPR does not
account for this distinction. As a result, CUPR may include abortions that could have different implications
for fertility outcomes compared to elective abortions. Also, the availability of the morning-after pill since 2014
may have led to an underestimation of medically induced abortions. Therefore, some conceptions may not have
been captured in our data. The morning-after pill can be purchased over the counter in Denmark!®!” and is
thus not reflected in the contraceptive use shown in supplementary Fig. 2C. Nonetheless, its impact on CUPR is
likely to be limited as a first-time contraceptive compared to other methods (2.1% in 2011-2012)'°, particularly
when considering a 20-25% chance of conception'®. Furthermore, a minor limitation is the lack of complete
information on fertility for birth cohorts born between 1979 and 1983, covering ages 44 and below in 2023. This
limitation is, however, expected to be minor given that only about 2% of births occur after age 40.

Though we may observe a declining CUPR, our data does not allow us to isolate or directly measure
fecundity. While the CUPR is designed as a population-level measure of pregnancy rates, rather than an
individual-level assessment of fecundity, it is important to recognize that ART outcomes result from both female
and male reproductive factors. Given these limitations, we emphasize that CUPR is a preliminary, registry-
based indicator rather than a definitive measure of fecundity. Rather than replacing established metrics, it offers
a complementary perspective on unassisted conception rates in a population. We recognize that additional
data and methodologies, such as large-scale transdisciplinary studies of representative population samples, are
necessary to address this complex question definitively.

Conclusion

In conclusion, our findings that decreasing unassisted birth rates were associated with simultaneous decreasing
trends in rates of induced abortion and a high need for ART may reflect a deterioration in the fecundity of
the population. However, to get a complete picture of the fertility trends, we urgently need relevant large-scale
population data on behavioural and biological factors, such as voluntary and involuntary childlessness and the
complex economic, social and educational profiles of young couples attempting to conceive.

Data availability

Data is provided within the supplementary information files.
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