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STUDY QUESTION: How did the first two coronavirus disease 2019 (COVID-19) waves affect fertility rates in the USA?

SUMMARY ANSWER: States differed widely in how their fertility rates changed following the COVID-19 outbreak and these changes
were influenced more by state-level economic, racial, political, and social factors than by COVID-19 wave severity.

WHAT IS KNOWN ALREADY: The outbreak of the COVID-19 pandemic contributed to already declining fertility rates in the USA,
but not equally across states. Identifying drivers of differential changes in fertility rates can help explain variations in demographic shifts
across states in the USA and motivate policies that support families in general, not only during crises.

STUDY DESIGN, SIZE, DURATION: This is an ecological study using state-level data from 50 US states and the District of Columbia
(n¼ 51). The study period extends from 2020 to 2021 with historical data from 2016 to 2019. We identified Wave 1 as the first apex for
each state after February 2020 and Wave 2 as the second apex, during Fall/Winter 2020–2021.

PARTICIPANTS/MATERIALS, SETTING, METHODS: State-level COVID-19 wave severity, defined as case acceleration during
each 3-month COVID-19 wave (cases/100 000 population/month), was derived from 7-day weekly moving average COVID-19 case rates
from the US Centers for Disease Control and Prevention (CDC). State-level fertility rate changes (change in average monthly fertility rate/
100 000 women of reproductive age (WRA)/year) were derived from the CDC Bureau of Vital Statistics and from 2020 US Census and
University of Virginia 2021 population estimates 9 months after each COVID-19 wave. We performed univariate analyses to describe na-
tional and state-level fertility rate changes following each wave, and simple and multivariable linear regression analyses to assess the relation
of COVID-19 wave severity and other state-level characteristics with fertility rate changes.

MAIN RESULTS AND THE ROLE OF CHANCE: Nationwide, fertility dropped by 17.5 births/month/100 000 WRA/year following
Wave 1 and 9.2 births/month/100 000 WRA/year following Wave 2. The declines following Wave 1 were largest among majority-
Democrat, more non-White states where people practiced greater social distancing. Greater COVID-19 wave severity was associated
with steeper fertility rate decline post-Wave 1 in simple regression, but the association was attenuated when adjusted for other covariates.
Adjusting for the economic impact of the pandemic (hypothesized mediator) also attenuated the effect. There was no relation between
COVID-19 wave severity and fertility rate change following Wave 2.

LIMITATIONS, REASONS FOR CAUTION: Our study harnesses state-level data so individual-level conclusions cannot be inferred.
There may be residual confounding in our multivariable regression and we were underpowered to detect some effects.

WIDER IMPLICATIONS OF THE FINDINGS: The COVID-19 pandemic initially impacted the national fertility rate but, overall, the
fertility rate rebounded to the pre-pandemic level following Wave 2. Consistent with prior literature, COVID-19 wave severity did not
appear to predict fertility rate change. Economic, racial, political, and social factors influenced state-specific fertility rates during the
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pandemic more than the severity of the outbreak alone. Future studies in other countries should also consider whether these factors
account for internal heterogeneity when examining the impact of the COVID-19 pandemic and other crises on fertility.
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Introduction
Few events in recent history have disrupted society to the extent of
the coronavirus disease 2019 (COVID-19) pandemic caused by the se-
vere acute respiratory syndrome coronavirus 2. Outside of changes to
everyday life and activities, reproductive behavior changed as well,
with steep reductions in the desire to become pregnant shortly after
the start of the pandemic (Seltzer, 2019; Lindberg et al., 2020; Cohen,
2021; Kahn et al., 2021; Lin et al., 2021; Lindberg et al., 2021; Morse,
2021; Kearney et al., 2022). The result in the USA was a precipitous
drop in births: a study examining one-third of all births in New York
City found a 20% decrease in births 9 months after the March–June
2020 COVID-19 wave compared with the average over the prior
4 years (McLaren et al., 2021); another study showed declines in births
9 months following the initial COVID-19 wave in nine states (Cohen,
2021); and National Center for Health Statistics data revealed a reduc-
tion in births in December 2020 and January 2021 (Morse, 2021).
However, it is unknown if fertility rates declined uniformly across the
USA or varied by state-level factors, or if they remained depressed
over time.

Increasing COVID-19 cases could influence fertility rates by reducing
pregnancy-intention via heightened pandemic anxiety, pandemic-
related restrictions, and/or economic hardship. Economic hardship has
been shown to be related to reduced fertility rates in the context of
both the 2008 recession (Sobotka et al., 2011) and the Great
Depression (Schneider, 2015; De Geyter, 2022). Without overarching
federal policies, the public health response to the COVID-19 outbreak
was dependent on individual states. Thus, residents in each state likely
experienced factors, such as pandemic-related anxiety, restrictions,
and economic stress, differently depending on the severity of the epi-
demic in their locale and their state government’s policies. In addition
to differing in their pandemic response, states already differ widely in
terms of demographic and economic features, which are known driv-
ers of fertility rates (Colleran and Snopkowski, 2018; Marcén et al.,
2018; Hellstrand et al., 2020; Aitken, 2022).

Other studies have demonstrated that differences in both pregnancy
intention and births following the COVID-19 outbreak were not con-
sistent across countries and varied according to both COVID-19 se-
verity and demography. For example, an Australian study found that
women planning pregnancy only reported higher psychological distress
than women not planning pregnancy in locations with high COVID-19
restrictions and viral transmission (Schoenaker et al., 2022). A
Japanese study found that decreases in births following the first state
of emergency were greater in urban than rural areas (Ghaznavi et al.,
2022). Existing studies on fertility rate changes following the COVID-
19 pandemic in the USA have not accounted for between-state

variation in their analyses (Koenig et al., 2022), nor have European
studies that have focused only on the country level (De Geyter et al.,
2022).

Given the lack of US state-specific fertility rate research in the
context of COVID-19 and evidence suggesting that demographic and
economic features may be important determinants of both the
COVID-19 experience and fertility rates (Adolph et al., 2022; Erwin
et al., 2021; Jha, 2020; Neelon et al., 2021; Rodriguez et al., 2022), we
chose to examine US states individually. We hypothesized that in the
first wave of the outbreak, COVID-19 wave severity, operationalized
as the case acceleration rate, would be inversely associated with an-
nual change in monthly fertility rate, with a particularly strong effect in
states that were more liberal politically and implemented more strin-
gent COVID-19 policies. We considered that economic disruption,
which has historically been linked to reduced fertility rates (Clark,
2012; Sweeney and Raley, 2014; Buckles et al., 2020; Bailey et al.,
2022), might mediate this association. We also hypothesized that
COVID-19 wave severity would not correlate as strongly with fertility
rate change following the second wave, as society would have devel-
oped some tolerance for pandemic-related anxiety and economic resil-
ience owing to the distribution of government stimulus checks.

Materials and methods

Study design
This ecological study examines associations between the severity of
the first two COVID-19 waves and changes in monthly fertility rates in
all 50 US states and Washington, DC (‘states’) 9 months after each
wave. We chose to examine waves as opposed to COVID-19 rates
continuously over time because waves are periods when we might ob-
serve the most acute pandemic effects on fertility. Also, restricting to
waves removes concerns about many time-varying confounders. There
is no definitive method to operationalize a pandemic wave in the liter-
ature (Hale et al., 2021; Zhang et al., 2021). However, it is generally
accepted that a wave is a period of substantial and/or sustained up-
ward and downward movement of some epidemic metric that is not
attributable to random error or noise (Hale et al., 2021; Zhang et al.,
2021). We were restricted to considering entire calendar months, as
publicly available fertility rate data only exist in this format; therefore,
we could not use exact dates to define our waves. Instead, we defined
waves as 3-month windows in which cases increased, peaked, then
declined. Case rates were defined as the 7-day moving average of
COVID-19 cases/100 000 population reported by the US Centers for
Disease Control and Prevention (CDC) (CDC, 2023). Using graphs of
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the 7-day moving average of case rates across time, we identified the
apex of each wave for each state. We identified Wave 1 as the first
apex for each state after February 2020 and Wave 2 as the second
apex, during Fall/Winter 2020–2021. Three coders (S.A., M.C., and
E.S.) applied this method of wave identification to all states and had an
interrater reliability of 0.85 for Wave 1 and 0.97 for Wave 2.
Discrepancies were resolved by consensus.

Since we were restricted to using calendar months for the monthly
fertility rate data, if the peak occurred at either end of a calendar
month we had to decide if that counted as the peak month. Per our
definition of a pandemic wave, we sought to make sure the sustained
increase leading up to the peak was captured in the 3-month wave
identified for each state. We found that if the peak case rate was
reached before the 10th of the month, the sustained increase most of-
ten began 2 months prior, so rather than assigning that month as the
peak month, we assigned the month prior as the peak month.

Outcome
Our outcome was the annual change in average monthly fertility rate
(change in number of births/month/100 000 women of reproductive
age (15–44 years) (WRA)/year) 9 months following the first two
COVID-19 waves in each state (the average gestational length). We
obtained birth data from the CDC Bureau of Vital Statistics and di-
vided each month’s total by the number of WRA for that state and
year, obtained from the US Census (Ellington et al., 2020). Census
numbers of WRA were not available for 2021, so we used projections
of WRA for 2021 from the University of Virginia (University of Virginia
Weldon Cooper Center DRG, 2018). For Wave 1, we calculated the
difference between fertility rates 9 months following Wave 1 and the
same months in the year prior, to account for seasonal fluctuation of
fertility rates. Since the pandemic had already impacted fertility rates
by late 2020, for Wave 2 we compared fertility rates to the corre-
sponding months 2 years prior and divided the result by two. Figure 1
illustrates this process for New York and Rhode Island for each wave.
We also calculated pre-pandemic (secular) fertility rate trends by aver-
aging annual changes in average monthly fertility rates across 2016–
2019.

Exposure
Our primary exposure was the acceleration of COVID-19 cases during
each wave, which we refer to as COVID-19 wave severity, defined as
the increase in cases/100 000 residents/month determined by the
difference in the 7-day moving average statewide COVID-19 case rate
between the wave’s peak and the same date a month prior. For
Wave 2, several states’ waves had two peaks; in those cases, we se-
lected the first peak of the wave. We chose wave severity as a proxy
for COVID-19 anxiety that might affect pregnancy intention rather
than death or hospitalization rates because we aimed to capture the
fear around the spread of COVID-19, not the consequences of the
virus.

Covariates
Potential covariates included other factors that might be associated
with both our exposure, outcome, and/or hypothesized mediators
(Supplementary Fig. S1). We considered two variables as proxies for

how seriously states’ populations may have taken the risk posed by
the pandemic. One was political leaning of the state, operationalized
as the percentage that voted Republican in the 2020 presidential elec-
tion. Political leaning was strongly linked to how importantly individuals
rated the COVID-19 outbreak in relation to the 2020 election,
according to a Pew Research Center poll (Dunn, 2020). Political lean-
ing of a state might also correlate with a state’s government response
to the COVID-19 pandemic. Because of the ecological nature of this
study, these two effects cannot be disentangled. The other variable we
considered was lockdown-related changes in behavior, operationalized
as a Social Distancing Index (SDI; 0–100) derived by researchers at
the University of Maryland based on data from mobile devices (Zhang
et al., 2020). As with political leaning, behavioral changes in social dis-
tancing may reflect how seriously individuals in a state responded to
COVID-19 restrictions as well as the prevalence and intensity of
restrictions imposed or recommended by state authorities.
Demographic variables included states’ racial and ethnic diversity (per-
centage non-White, percent Hispanic), age structure (percentage
�65 years), rurality (percentage living in a rural area), and educational
attainment (percentage �Associate degree) (U.S. Census Bureau,
2022). Economic variables included states’ poverty rate, income in-
equality ratio, affordable housing units, and employment change at the
start of the pandemic. We also evaluated whether a state voted for
Medicaid expansion in 2020 (Foundation KF, 2022). Finally, we consid-
ered when within each wave a particular state’s peak occurred (Spring
versus Summer for Wave 1, Fall versus Winter for Wave 2).

We hypothesized that economic impact of the pandemic and re-
duced pregnancy intention might mediate the relation between
COVID-19 wave severity and annual fertility rate change. While we
were unable to capture pregnancy intention for the purposes this
study, we did attempt to approximate the economic impact of the
pandemic at the state level through employment change. Employment
change was calculated as the difference in employment rate from the
end of February 2020 to the end of April 2020, when the most dra-
matic change in employment occurred across all states following the
outbreak (Marazzi, 2022) (Supplementary Table SI provides details on
data sources).

Statistical methods
We calculated the annual change in average monthly fertility rates for
all states by comparing average monthly fertility rates 9 months follow-
ing Wave 1 and Wave 2 with those 1 year and 2 years prior, respec-
tively. We also compared observed fertility rates 9 months following
each wave with expected rates extrapolated from pre-COVID (2016–
2019) secular trends. We combined state-level data to create national
averages by weighting each state by the size of its population of WRA.
We conducted analysis of variance to compare average fertility rate
change across categories of our main exposure and potential covari-
ates. Finally, we conducted simple and covariate-adjusted linear regres-
sion analyses to assess the association between wave severity and
fertility rate change separately for each wave. Covariates were se-
lected based on literature review and a directed acyclic graph, with an
eye toward avoiding collinearity (Supplementary Fig. S1). Because SDI
was not available for the period following Wave 2, we were not able
to include it in our models; instead, we included the percentage that
voted Republican in 2020, as the two variables were highly correlated
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..(r ¼ �0.74, P< 0.01). Our final covariate set included percentage
voted Republican in 2020, percentage non-White, affordable housing
units, and wave timing. We performed an exploratory test of our me-
diation hypothesis by additionally controlling for economic impact of
the pandemic in a separate model. To test the hypothesis that politics
might moderate the association between COVID-19 wave severity
and fertility rate change, we stratified our analyses by states where a
majority versus minority voted Republican in 2020. We performed
two-tailed significance tests (A ¼ 0.05) and conducted all analyses in R
(V4.0.5) (R Core Team, 2022).

Sensitivity analyses
Because the pandemic caused many people to relocate and population
movement was not uniform across states, we conducted a sensitivity
analysis in which we accounted for state-to-state migration. Using
monthly US Postal Service change-of-address request data, we as-
sumed two-thirds of all individuals and households that moved con-
tained a WRA and added or subtracted the appropriate number from

each state’s fertility rate denominator. We also tested whether secular
trends in fertility rates might explain associations between predictors
and fertility rate changes by controlling for states’ pre-pandemic trends
in our regression models.

Results
The pre-pandemic (2016–2019) national annual change in average
monthly fertility rate was �10.6 births/month/100 000 WRA/year
(SD¼ 5.3; range: �26.3, �0.9), indicating a downward secular trend.
Nine months after Wave 1, the annual change was �17.5 births/
month/100 000 WRA/year (SD¼ 23.4; range: �75.9, 46.4), a signifi-
cant decrease from the pre-pandemic trend (weighted mean differ-
ence¼�6.92, 95% CI¼�13.73, �0.11). Nine months after Wave 2,
the annual change was �9.2 births/month/100 000 WRA/year
(SD¼ 8.9; range: �27.2, 17.2), not significantly different from the pre-
pandemic trend (weighted mean difference¼ 1.31, 95% CI¼�1.60,
4.22). Following Wave 1 and Wave 2, the expected national fertility

Figure 1. Calculation of annual change in average monthly fertility rate for New York and Rhode Island following COVID-19
waves. Each panel represents the fertility rate (average monthly births/100 000 women of reproductive age) in the 9 months following each corona-
virus disease 2019 (COVID-19) wave compared to the fertility rate in the same months in previous years (1 year prior for Wave 1, 2 years prior for
Wave 2). The dotted lines show the mean fertility rate for each period. The vertical black lines indicate the annual (Wave 1) or biannual (Wave 2) av-
erage monthly fertility rate change.
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rates based on the secular trend would have been 447.0 and 488.9
births/month/100 000 WRA, respectively (Supplementary Table SII
presents state-specific rates). The observed rates were 440.1 and
491.5 births/month/100 000 WRA, respectively.

Pre-COVID, all states had declining fertility rates although the mag-
nitude of this decline varied by state (Fig. 2). Four patterns of fertility
rate change relative to baseline emerged over the two post-wave peri-
ods: declined and recovered beyond pre-COVID trend (n¼ 12); de-
clined, not yet recovered (n¼ 12); increased and/or never declined
(n¼ 19); and initially increased, then declined (n¼ 8) (Supplementary
Table SIII and Supplementary Figs S2, S3, and S4).

Following Wave 1, states with larger fertility rate declines tended to
be more urban and to have greater wave severity, greater proportions
of non-White inhabitants and inhabitants with college degrees,
higher income inequality, earlier onsets of Wave 1, and larger drops in
employment rate at the beginning of the pandemic (Table I,
Supplementary Fig. S5). They also had higher proportions of
Democratic voters and higher SDIs. Figure 3 illustrates the correlations
among SDI, political leaning, and fertility rate change following Wave 1.
Following Wave 2, states with larger declines in fertility rate tended to
have younger, more non-White populations and have higher income
inequality (Table I, Supplementary Fig. S6).

Following Wave 1, wave severity was significantly negatively associ-
ated with fertility rate change (b ¼ �0.60, 95% CI ¼ �1.19, �0.02);
upon covariate adjustment, this association was still negative but atten-
uated (b ¼ �0.32, 95% CI ¼ �0.69, 0.04) (Table II). For Wave 2,
wave severity was not associated with fertility rate change in either
simple or multivariable linear regression (Table II). When we addition-
ally controlled for economic impact, the Wave 1 adjusted effect esti-
mate was closer to the null (b ¼ �0.25, 95% CI ¼ �0.58, 0.09)
(Supplementary Table SIV). Wave severity was negatively associated
with fertility rate change in majority-Democrat states post-Wave 1
(b ¼ �0.83, 95% CI ¼ �1.49, �0.16) and in the same direction but
attenuated after covariate adjustment. In majority-Republican states,
adjusted Wave 1 results were similar in magnitude but opposite in di-
rection (Supplementary Table SV). For Wave 2, wave severity was not
associated with fertility rate change regardless of political leaning
(Supplementary Table SVI).

Sensitivity analyses
Effect estimates remained virtually unchanged from the original models
when we accounted for migration (Supplementary Table SVII).
Adjusting for pre-pandemic secular trends in fertility rates did not
meaningfully change our regression results for Wave 2 (Supplementary
Table SVIII). However, for Wave 1, the effect of COVID-19 wave se-
verity was attenuated (b ¼ �0.14, 95% CI ¼ �0.49, 0.21).

Discussion
In this ecological analysis, we observed a decline in average monthly
fertility rate change nationwide 9 months following Wave 1 of the
COVID-19 outbreak compared with the already negative pre-COVID
secular trend, and a reversal of that decline following Wave 2. These
changes varied among US states and across waves resulting in four dis-
tinct patterns of annual fertility rate changes from Wave 1 to Wave 2.

Analyzing all states together, COVID-19 wave severity was negatively
associated with fertility rate change following Wave 1, but not Wave
2. States’ racial/ethnic composition, economic conditions, and political
leaning were also associated with post-COVID fertility rate changes.
Our results were robust to sensitivity analyses that accounted for pop-
ulation movement and secular trends in fertility decline. Accounting for
secular trends, as well as for seasonality of births, which we did by
comparing year-over-year fertility rates during the same months, is a
vital and overlooked aspect of epidemiological fertility rate studies; fail-
ing to do so may lead to spurious results (Gemmill et al., 2022).

Following the 2008 recession, the USA saw an average annual de-
cline of approximately 16 births/month/100 000 WRA/year from
2007 to 2009 (Sutton et al., 2011). Comparatively, we observed an
average annual change of �17.5 births/month/100 000 WRA/year
following Wave 1, emphasizing the profound impact of COVID-19 on
fertility rates in the USA. Nine months after Wave 2, the average an-
nual change was �9.2 births/month/100 000 WRA/year, consistent
with the pre-pandemic secular trend. Our national level results align
with reported changes in pregnancy intention over a similar period. In
a nationwide survey conducted in the first few months of the pan-
demic, the Guttmacher Institute reported that 40% of US female
respondents ages 15–44 years wanted to delay or abandon pregnancy
altogether (Lindberg et al., 2020); when they repeated this survey a
year later, only 22% of respondents were planning to do so (Lindberg
et al., 2021). Similarly, a study conducted in the American Southwest
found that, while women aged 15–44 years had less desire to become
pregnant when surveyed during the first COVID-19 wave than pre-
pandemic, pregnancy intentions were back to pre-pandemic levels
when the same participants were surveyed during the second wave
(Rocca et al., 2022). Our results are also consistent with international
studies: a time-series analysis in 24 European countries found a 14%
decline in births 9 months following the first COVID-19 wave, with
over half of the countries examined experiencing a birth rate rebound
by March 2021 (Pomar et al., 2022).

The rebound we observed in the national fertility rate is consistent
with an uptick in births recently reported by the CDC, the first in-
crease since 2014 (Hamilton et al., 2022). While it is possible that this
rise is a longer-term shift that will eventually offset the pre-COVID
secular decline in the US fertility rate, we suspect that it is more likely
a temporary baby boom resulting from pregnancies delayed because
of COVID-19 and the fertility rate will soon revert to its pre-pandemic
trend. This latter scenario would be in line with reports indicating that
a growing number of Americans are choosing to remain childless to
satisfy both career ambitions and desires for personal autonomy, and
because of concerns about climate change (Cain, 2020; Jenkins, 2020;
Brown, 2021).

While our findings conform with previously published reports of na-
tional fertility rate declines following the outbreak of the COVID-19
pandemic (Tavernise, 2020; Lewis, 2021), we are the first to investi-
gate if this phenomenon was uniform across the USA and what state-
level factors may have contributed to it. There was great variability in
fertility rate changes among states in each wave. Pre-COVID, the SD
for the annual change in fertility rate was 5.3, whereas it was 23.4 and
8.9 for Wave 1 and Wave 2, respectively. We also observed large
variability among states across the two waves. For example, some
states, such as New York, experienced large drops in fertility rate fol-
lowed by only partial recoveries; others, such as Rhode Island, also
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Figure 2. State-specific annual fertility rate change for pre-pandemic period, post-Wave 1 and post-Wave 2 for each US
state. The top map of the USA shows state-specific annual change in fertility rate (average monthly births/100 000 women of reproductive age)
pre-coronavirus disease 2019 (COVID) (averaged from 2016 to 2019). The middle and bottom map shows the state-specific annual change in fertility
rate following Wave 1 and Wave 2, respectively.
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.experienced large drops but rebounded by Wave 2. Meanwhile, Maine
showed a large fertility rate increase following Wave 1 that was main-
tained through Wave 2, while West Virginia showed an initial increase
in fertility rate followed by a larger decline. Therefore, while nationally
we observed a fertility rate decline following Wave 1 and eventual re-
covery following Wave 2, this did not occur uniformly across states or
in some states at all. Subsequent to our observation of state-level het-
erogeneity in fertility rate changes during the pandemic, we then tried
to identify state-level predictors that might have influenced these
changes. While we were underpowered to draw definitive conclusions
about how state characteristics influenced fertility patterns across the
two waves, we hope that future studies will investigate predictors of
these four patterns to better inform our knowledge of drivers of fertility
changes in relation to COVID-19 and other crises.

We were curious whether wave severity was associated with state-
level annual fertility rate changes. Cohen (2021) previously reported

declines in births among nine states in the 9 months after the first
COVID-19 wave. In two of these states, county-level infection rates
and changes in mobility were significantly associated with birth changes,
yet he suggested these results could also be explained by economic,
social, and demographic factors, which were unaccounted for in his
analysis (Cohen, 2021). In our analysis, expanded to all 50 states and
Washington, DC, we only found a significant negative effect of wave
severity on fertility rate changes when not adjusted for other state-
level factors. Upon stratifying our analysis, it became clear that the ef-
fect of wave severity on annual fertility rate changes was driven by
majority-Democrat states (majority-Democrat states: �0.38 (�0.89,
0.13) versus majority-Republican states: 0.32 (�0.39, 1.02)). We also
observed a slight attenuation of our results following adjustment for
the economic impact of the pandemic. One interpretation of this at-
tenuation might be partial mediation by economic impact of the pan-
demic; however, it might also represent confounding, interaction, or

.............................................................................................................................................................................................................................

Table I US state characteristics by annual change in average monthly fertility rate (births/month/100 000 women of repro-
ductive age/year) following the first two COVID-19 waves.

Variablea Category Wave 1 Wave 2

Mean (SD) Mean (SD)

Wave severityb High 222.05 (35.95) 27.80 (10.64)

Low 211.34 (22.23) 23.63 (12.55)

Political leaning Majority Democrat 224.15 (24.3) 26.38 (12.69)

Majority Republican 21.44 (19.61) 27.93 (8.93)

Social Distancing Index High 222.05 (35.95) N/A

Low 211.34 (22.23) N/A

Percentage non-White High 218.26 (25.32) 211.29 (10.65)
Low 27.98 (23.53) 23.15 (9.80)

Percentage Hispanic High 218.46 (29.85) 26.91 (10.94)

Low 27.35 (16.74) 27.38 (11.13)

Percentage 65 years or older High 27.81 (20.24) 24.82 (11.39)
Low 216.37 (27.02) 28.64 (10.54)

Rurality Rural 23.08 (18.22) 26.45 (10.69)

Urban 223.35 (26.64) 27.86 (11.35)

Education attainment High 220.55 (25.58) 26.93 (12.46)

Low 24.54 (21.16) 27.39 (9.16)

Poverty rate High 29.17 (22.92) 28.26 (9.07)

Low 217.02 (26.34) 25.98 (12.66)

Income inequality ratio High 218.53 (24.72) 28.60 (9.99)
Low 27.28 (23.88) 25.63 (11.84)

Affordable housing units High 210.91 (20.88) 26.33 (10.54)

Low 215.20 (28.46) 27.98 (11.47)

Employment change High 217.26 (23.42) 27.52 (8.17)

Low 28.93 (25.71) 26.78 (13.21)

Medicaid expansion No 24.47 (10.73) 26.12 (5.75)

Yes 215.94 (27.47) 27.49 (12.25)

Wave timingc Earlier 228.88 (20.42) 28.08 (10.59)

Later 4.83 (15.16) 26.49 (11.29)
aContinuous variables are split at the median into low and high categories.
bChange in 7-day moving average of coronavirus disease 2019 (COVID-19) cases per 100 000 between first and peak month of wave.
cEarlier: Spring for Wave 1, Fall for Wave 2; Later: Summer for Wave 2, Winter for Wave 2.
Bolded cells indicate an analysis of variance F-test comparing the means of the two categories had a P-value <0.05. See Supplementary Figs S5 and S6 for full correlation matrices for
each wave, respectively.
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collinearity and requires further investigation with adequately powered
data.

Others have suggested that concerns such as unemployment, stress,
school closures, social isolation, and general uncertainty about the fu-
ture could be stronger drivers of changing fertility behavior rather than
pandemic severity (Gemmill, 2019; Barroso, 2021). We observed that
economic and demographic factors were associated with post-COVID
declines in fertility rates in our data. The pandemic has underscored
persistent disparities in the USA along racial and economic lines that

impact how Americans decide if and when to get pregnant (Stout
et al., 2021). Non-White Americans were both more likely to suffer
from COVID-19 infection and the economic consequences of the pan-
demic, largely owing to structural inequalities that impact these groups’
access to health care, financial, educational, and employment resources
(Snowden and Graaf, 2021). These groups were also more likely to be
disproportionately affected by income loss and food insecurity during
the pandemic. Prior studies have shown that economic hardship was a
primary predictor of fertility intention during the early months of

Figure 3. Annual fertility rate change in the USA in relation to social distancing index and political leaning following Wave 1.
Following Wave 1, fertility rate change is correlated with Social Distancing Index (x-axis) and political leaning (red: Republican, blue; Democrat).
Social Distancing Index is a scale from 0 to 100, with higher values indicating greater levels of social distancing. Political leaning is the percentage of
the state that voted Republican in the 2020 election. The size of the point indicates the number of women of reproductive age in that state during
2020.
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COVID-19 (Lindberg et al., 2020; Cohen, 2021; Kahn et al., 2021; Lin
et al., 2021; Lindberg et al., 2021; Morse, 2021).

While states’ racial composition was significantly associated with fer-
tility rate change in bivariate analysis and included in our regression
models, it represents a proxy for a cluster of variables indicating social
disadvantage since, in the USA, non-White populations are more likely
to live below the poverty line and suffer more financial hardship during
periods of economic instability (Lin et al., 2021). Indeed, these socio-
demographic variables were largely collinear in our data. The already
precarious position of low-income and non-White individuals in US so-
ciety was likely worsened by the social upheaval caused by the pan-
demic, potentially resulting in altered pregnancy intentions caused by
anxiety about the future. Being low-income and non-White were also
important predictors of fertility decline after the 2008 recession
(Seltzer, 2019).

Considering that a decline in US fertility rates could impact eco-
nomic stimulation in light of our increasingly aging population, it has
been argued that maintaining a fertility rate near the replacement level
is in the national interest (Rogers and Wilder, 2020; Chapman, 2022).
Given our findings that state demographic and economic characteris-
tics were associated with fertility decline, the US government could
consider adopting policies to alleviate the stressors impacting fertility
rates highlighted in this study such as financial strain and social disad-
vantage. For example, policies that reduce the cost of childrearing,
such as paid family leave, may ease obstacles to growing a family, es-
pecially in times of crisis (IWPR, 2020). Our research highlights the
need for further investigation of how policy interventions might moder-
ate the effect of social vulnerability on fertility rates in the USA.

Strengths and limitations
As an ecological analysis, our study cannot be used to infer individual-
level conclusions. It is important to examine influences on fertility on
the population level, however, as there may be negative social and
economic impacts if the fertility rate falls too steeply (Santacreu,
2016). Another limitation of this analysis is our inability to account for
within-state heterogeneity. Studies in Australia and Japan found that lo-
cal factors, such as urbanicity, are important determinants of both the
COVID-19 experience and fertility rates (Ghaznavi et al., 2022;

Schoenaker et al., 2022). Data were only available at the state level
for this study. We believe future research at the level of counties or
other localized geographies are necessary to enrich our findings.

Despite our effort at parsimony, we were still underpowered to de-
tect statistically significant results in covariate-adjusted analyses. We
also could not account for how spillover effects from neighboring
states or states in the media spotlight might have influenced other
states’ responses to the pandemic. Because most pandemic-related
economic relief came from the federal government in the form of
stimulus cheques, loans, and other help and did not vary by state, we
did not account for federal economic relief when conducting analyses
pertaining to economic determinants. Nevertheless, our results may
still be affected by residual confounding by factors associated with
both fertility rates and the pandemic such as ART use, contraceptive
access, and potential effects of COVID-19 infection on the ability to
conceive and deliver a live birth.

Ours is the first paper to analyze determinants of fertility rate
changes since the COVID-19 outbreak using US state-level data for all
50 states and Washington, DC. This contribution to the literature is
essential, as the USA is extremely heterogeneous and, as our results
demonstrate, varied in its response to the pandemic. We are also the
first to analyze fertility rates following the second COVID-19 wave and
compare trends to those following the first. We incorporated a wide
array of state-level data from a variety of publicly available sources and
considered the impact of migration and secular fertility rate decline in
sensitivity analyses.

Conclusion
The COVID-19 pandemic exacerbated existing disparities in the USA,
including those that influence pregnancy intention and, consequently,
fertility rates. We observed a national fertility rate decline following
the first wave that amplified the longstanding downward trend in the
USA. In addition, we found a remarkable correlation between states’
SDI (which tracked with political leaning) and fertility rate change, sug-
gesting that fertility rate changes as a consequence of the pandemic
appear to have been influenced by the level of concern that individuals

.............................................................................................................................................................................................................................

Table II Associations between COVID-19 severity and annual change in average monthly fertility rate (births/month/
100 000 women of reproductive age/year) in the USA following Wave 1 and Wave 2.

Predictor Wave 1 Wave 2

Unadjusted b
(95% CI)

Adjusted b
(95% CI)

Unadjusted b
(95% CI)

Adjusted b
(95% CI)

Wave severity (cases/100 000/month) �0.60 (�1.19, �0.02) �0.32 (�0.69, 0.04) �0.04 (�0.15, 0.07) 0.01 (�0.11, 0.13)

Percentage voted Republican 2020 0.45 (0.01, 0.89) �0.05 (�0.27, 0.17)

Percentage non-White �0.90 (�1.25, �0.55) �0.72 (�0.94, �0.50)

Affordable housing units �0.44 (�0.81, �0.07) �0.34 (�0.57, �0.12)

Wave timinga �33.22 (�42.72, �23.72) �6.66 (�13.17, �0.15)

R-squared 0.08 0.78 0.01 0.48
aWave 1: Spring versus Summer; Wave 2: Fall versus Winter.
b: beta, effect estimate; COVID-19: coronavirus disease 2019.
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and state governments placed on mitigating the spread of COVID-19.
In sum, our analysis shows that, while fertility rates fell and potentially
recovered across the first two COVID-19 waves on a national level,
shifts were not uniform across states and largely depended on existing
social inequalities and not the severity of the pandemic itself. Building
on this ecological study, future epidemiologic investigations should ex-
amine individual-level variables that factor into pregnancy decision-
making, especially in times of crisis or social change.
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