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Abstract

Prior studies report a decline in male twin live births during economically stressful periods, presumably owing to higher selection in utero
against frail male gestations, yet no study has examined the natural corollary: whether provision of economic support increases rates of male
twin births. We examined whether male twin live births increase following income gains from the Alaska Permanent Fund Dividend
(PFD)—the longest running unconditional cash transfer program in the US. We obtained the monthly volume of male (and female) twin and
singleton live births, from January 1980 to December 2019, from Alaska’s Department of Health. Data on PFD timing and payment amounts
came fromAlaska’s Department of Revenue.We used time-series analyses to gauge whether the odds of male twin live births increase within 2
−6 months following PFD receipt, controlling for autocorrelation. Results suggest that for every $1000 increase in PFD payments, the odds of
male twin live births increase by 0.002 (p < .05) three months following PFD disbursement. This corresponds with 50 additional (individual)
male twin live births statistically attributable to the cumulative PFD amount disbursed over our study period. Income gains through the PFD
may correspond with reduced male-specific selection in utero in Alaska.
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Population-level responses to external stressors may manifest as
variations in birth outcomes across exposed gestational cohorts
(Bruckner & Catalano, 2018). Studies examining sudden,
exogenous ambient stressors such as pandemics, economic
recessions and terrorist attacks provide evidence of selection in
utero against frail male gestations, and a consequent decline in
male births among conception cohorts exposed to these macro-
stressors in large populations (Bruckner et al., 2023; Bruckner et al.,
2010; Catalano et al., 2020; Karasek et al., 2015; Singh, Gailey et al.,
2023). Selection in utero, also known as prenatal or fetal selection,
refers to the process by which certain fetal traits affect survival
during pregnancy, and traits that offer a survival advantage are
more likely to be passed on (Bruckner & Catalano, 2018; Lummaa
et al., 1998). The male-specific nature of selection in utero was first
theorized in 1973 by Robert Trivers and DanWillard (the Trivers-
Willard hypothesis), who posited that parents in species with high
parental investment, including humans, may unconsciously bias
the sex ratio of offspring based on their own condition and the
expected reproductive success of each sex (Trivers & Willard,
1973). The hypothesis suggests that when a mother is in resource-
rich conditions (e.g., higher availability of nutrition, low ambient
threat to survival), she is more likely to produce male offspring as
males have higher reproductive variance and potential success

through competition for mates (Trivers & Willard, 1973). In
contrast, when a mother is in resource-deprived conditions (e.g.,
periods of war, famine, higher mortality from diseases), she may be
more likely to produce female offspring, who have more
predictable reproductive success (Trivers & Willard, 1973). This
strategic allocation of resources, though not consciously directed, is
thought to be driven by innate biological mechanisms shaped by
evolution, helping to maximize reproductive fitness and the
transmission of genes across generations (Bruckner & Catalano,
2018; Trivers & Willard, 1973).

In case of twin pregnancies, the allocation of resources becomes
even more critical, as the mother needs to provide for two
developing fetuses (Lummaa et al., 1998). If resources are scarce or
compromised due to stressful conditions, the mother may
prioritize the survival and reproductive success of female offspring
over male offspring (Trivers & Willard, 1973). Moreover, male
twin offspring, if born during periods of resource scarcity, may fare
poorly in terms of future reproductive success owing to increased
competition provided by the corresponding twin (Lummaa et al.,
1998; Trivers & Willard, 1973). These mechanisms of maternal
conserved biology may lead to higher sex-specific spontaneous
fetal loss or abortions of male fetuses, and male twin fetuses in
particular, during periods of adverse circumstances (Bolund et al.,
2016; Bruckner et al., 2023; Catalano et al., 2020; Forbes & Mock,
1998; Karasek et al., 2015; Lummaa et al., 1998; Singh, Gailey et al.,
2023; Trivers & Willard, 1973). Multiple studies report changes in
the volume of male twin live births among humans as a consistent
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marker of external circumstances, including ambient stress,
economic uncertainty and optimism about the future (Bruckner
et al., 2023; Catalano et al., 2020; Karasek et al., 2015; Singh, Gailey
et al., 2023; Stolte et al., 2024). Population-level studies in the US
and Sweden show a decline in male twinning within 2 to 6 months
following higher-than-expected increase in female suicides
(Catalano et al., 2020; Singh, Gailey et al., 2023). Evidence from
one of themost widespread stressors in recent times—the COVID-
19 pandemic—also indicates consequent decline in male twin
births in the US (Bruckner et al., 2023).

Financial resources and economic stability may alleviate stress
and create conditions conducive to male twinning (i.e., male twin
pregnancies carried to term). Multiple studies have previously
reported decline in male twin live births following exposures
pertaining to economic adversity or adverse macrosocial shocks
(Bruckner et al., 2023; Catalano et al., 2020; Karasek et al., 2015;
Singh, Gailey et al., 2023). For instance, sharp declines in consumer
confidence index correspond with a decline in male twin live births
at the population level (Karasek et al., 2015). Conversely,
exogenous ‘positive’ social exposures, such as the election of
President Barack Obama in 2008, precede a proximate increase in
male twin live births among Black women in the US (Stolte et al.,
2024). Limited research, however, has explored whether favorable
economic conditions correspond with an increase in male
twinning. To test this relation, we turn to the largest popula-
tion-level unconditional cash transfer program in the US—the
Alaska Permanent Fund.

The Alaska Permanent Fund Dividend (PFD) is a direct cash
transfer paid to residents of Alaska by the state government
annually since 1982. These payments are made to all Alaska
residents, including children. Residents are eligible if they are born
in Alaska and stay or migrate to Alaska and meet a one calendar
year residency requirement (with rare exceptions), regardless of
income, employment status, or family structure (State of Alaska,
Department of Revenue, Permanent Fund Dividend Division,
2021). The payments are large (annual average of $1634 in 2015US
dollars from 1982 to 2019) and vary considerably over time (Alaska
Permanent Fund Corporation., 2023). New Alaska residents must
complete an intensive first-time application to prove residency, but
in subsequent years, the application process is minimal.
Applications can be submitted January through March each year
and payments are made in October. Participation rates are very
high—over 90% of Alaskans receive a PFD in most years (State of
Alaska, Department of Revenue, Permanent Fund Dividend
Division, 2020). Parents and legal guardians may apply for
dividends for their children, including newborns born during the
calendar year of eligibility. The PFD is funded through investment
returns from the Alaska Permanent Fund, a sovereign wealth fund
created in 1976 to invest oil and mineral royalties paid to the state
(Alaska Permanent Fund Corporation, 2023). While the origin of
the Permanent Fund is from oil production, dividends are not tied
to current oil revenues or state economic conditions broadly. The
Fund is diversely invested, and the amount of the dividend each
year was determined by a statutory formula between 1982 to 2015
(Alaska Permanent Fund Corporation, 2023). The formula
calculates the payment as a fixed portion of the past 5 years of
the Fund’s investment returns. Since 2016, the size of the dividend
is determined by legislative appropriation (Alaska Permanent
Fund Corporation., 2023). The remaining investment returns after
the dividend payout are reinvested in the principal of the Fund
(Alaska Permanent Fund Corporation, 2023). The Fund continues
to receive mineral royalty payments, but since 1985 the primary

growth mechanism of the Fund has been re-investment of returns
(Watson et al., 2019). The Alaska PFD is regarded as the largest and
longest running natural experiment in unconditional cash trans-
fers in the U.S. (Hoynes & Rothstein, 2019) and has been shown to
exhibit a sizeable and sustained fertility response (with mixed
evidence of improved birth outcomes) in the Alaskan population
(Cowan &Douds, 2021; O’Brien &Olson, 1990;Wyndham-Douds
& Cowan, 2024; Yonzan et al., 2024).

In the present study, we examine whether and to what extent
male twin live births change following temporal variation in
disbursement and magnitude of the Alaska PFD. We use time-
series analysis to gauge whether male twin live births increase
within 2 to 6 months following PFD disbursement in the Alaskan
population, from January 1980 to December 2019. To our
knowledge, this is the first study to empirically examine
population-level responses, rooted in fundamental evolutionary
biology principles, to exogenously determined unconditional cash
transfer payments in a large population. Our study enhances
current understanding of the link between economic policies and
patterning of population-level responses driven by evolutionary
biology and highlights the role of positive or beneficial exposures
on male-specific selection in utero.

Materials and Methods

Data and Variables

We retrieved data on the monthly volume of male and female
singleton and twin births in Alaska over a period of 480 months,
January 1980−December 2019, from the restricted use natality
data from the National Center for Health Statistics (National
Center for Health Statistics, 2022) and Alaska Department of
Health’s Health Analytics and Vital Records division (Alaska
Department of Health, 2023). We aggregated the monthly count of
total live births, by sex and plurality (twins and singletons) over our
study period. In keeping with prior work (Singh, Gailey et al.,
2023), themonthly series of the odds of male twin live births served
as our outcome (if x = number of male twin live births/number of
male twin and singleton live births, then odds of male twin live
births = x/(1-x)).

We retrieved information on the timing and magnitude of PFD
from Alaska Department of Revenue’s summary of annual PFD
payments (Kueng, 2018; State of Alaska Department of Revenue,
2024).We standardized the cash transfer amounts to 2015 USD for
comparability across our analytic timeframe. We defined, as our
exposure, the timing and magnitude of PFD payments (in $1000
increments) over our study period (e.g., if $2500 PFD disburse-
ment occurred in October of 1999, the exposure received a value of
2.5 for October 1999 and 0 for all other non-PFD payment
months).

We determined the exposure lag or induction period between
PFD payments and increased odds of male twin births based on
fetal loss patterns reported in prior research (Byrne & Warburton,
1987; Hassold et al., 1983; Kline & Stein, 1987). Typically, fetal
losses peak in the first trimester, decline until the 16th week,
plateau for 6 weeks, and rise before birth (i.e., in the last trimester of
pregnancy; Ammon Avalos et al., 2012; Goldhaber & Fireman,
1991). Most early losses result from chromosomal abnormalities,
making survival unlikely regardless of maternal investment (Kline
& Stein, 1987). For chromosomally normal fetuses, losses increase
around the 12th week and decline until the 24th week, with more
male losses (relative to female) during this period (Byrne &
Warburton, 1987; Hassold et al., 1983; Kline & Stein, 1987). We
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reasoned that the impact of nonconscious maternal biological
decisions on chromosomally normal male fetal loss would be most
apparent between the 12th and 24th weeks of gestation (Karasek
et al., 2015). Since twins are typically born earlier than singletons
(average gestational age at birth among twins is around 34 to 36
weeks, relative to 40 weeks in singleton births; DiLalla et al., 2008),
we expected the effects of PFD payments to first appear 8−10
weeks (i.e., 2 to 2.5 months) after PFD receipt, with observable
changes in male twin birth cohorts (from potentially reduced
selection in utero) occurring up to 6 months following PFD receipt
(Catalano et al., 2020; Karasek et al., 2015; Singh, Gailey et al.,
2023). Based on these patterns and in alignment with prior
research (Bruckner et al., 2023; Catalano et al., 2020; Karasek et al.,
2015; Singh, Gailey et al., 2023), we specified an exposure lag of 2 to
6 months following PFD payments for our analytic tests.

Analysis

Birth outcomes, including male twin live births, may exhibit
temporal dependencies, such as seasonality, trends and oscil-
lations, collectively referred to as autocorrelation (Catalano et al.,
2020; Catalano et al., 2016; Karasek et al., 2015; Lummaa et al.,
1998; Singh, Gailey et al., 2023). Autocorrelation violates key
assumptions of correlational tests as the observed values in an
autocorrelated series are not independently distributed, often
exhibit nonconstant variance, and in many cases, particularly birth
outcomes, are mean reverting (i.e., tend to shift to high/low values
depending on past values; Box et al., 2015; McCleary et al., 1980;
Shumway et al., 2000). We used Autoregressive Integrated Moving
Average (ARIMA) time-series methods to account for these
violations. ARIMA models work by identifying and combining
three key components: autoregression (AR), differencing to
achieve stationarity (I for Integrated), and moving averages
(MA; Box et al., 2015; McCleary et al., 1980). Autoregression refers
to using past values of the data series to predict future values, if
previous observations have some influence on future observations
(Box et al., 2015; McCleary et al., 1980). The differencing step helps
make the time series stationary, meaning it removes any long-term
trends or changes in variance (Box et al., 2015; McCleary et al.,
1980). Moving averages take past forecast errors into account,
smoothing out random noise or fluctuations in the data (Box et al.,
2015; McCleary et al., 1980). ARIMA models have been widely
used in examining the relation between exogenous exposures and
changes in male twin births as they can handle complex time series
patterns while allowing flexibility in fitting to various types of data
(Bruckner et al., 2023; Catalano et al., 2020; Karasek et al., 2015;
Singh, Gailey et al., 2023). The AR, I and MA parameters form the
ARIMA ‘signature’ of an observed series and yield the unobserved
counterfactual (i.e., predicted or fitted values that would have
occurred in absence of exogenous exposures) (Box et al., 2015;
McCleary et al., 1980). The difference between the observed and
fitted values yield the residual values (i.e., deviations from the fitted
values) of a series (Box et al., 2015; McCleary et al., 1980). ARIMA-
derived residuals are independently identically distributed, are free
of autocorrelation, have a mean of zero and exhibit constant
variance over time (Box et al., 2015; McCleary et al., 1980). These
properties make ARIMA-derived outcome residuals ideal for
examination of the association between exogenous exposures and
consequent changes in the outcome (Box et al., 2015; McCleary
et al., 1980). We used ARIMA time-series analysis to examine the
relation between PFD disbursements (timing and magnitude) and

the odds of male twin births in Alaska over 480 months (1980
−2019). Our analytic steps comprised the following:

(1) We used Box-Jenkins iterative pattern recognition routines to
identify the ARIMA signature of the monthly series of male
twin odds over our study period (Box et al., 2015).We used this
ARIMA signature to remove autocorrelation from the
observed series and obtain the outcome residuals. Our use
of male twin odds as the outcome helps account for shared
seasonality, fertility trends and autocorrelation across male
twin and singleton birth patterns in our data. We did not
control for the concomitant series of female twin odds because
male and female births exert a natural, hydraulic effect on each
other in large, stable populations (Catalano et al., 2009; Forbes
& Mock, 1998). Rather, motivated by the male-specific
indication of the Trivers-Willard hypothesis (Trivers &
Willard, 1973), we examined female twin odds as a separate
dependent variable in relation to PFD payments (as described
in step 5 below).

(2) We inspected the outcome residuals to determine absence of
any autocorrelation.

(3) We applied the exposure (timing and magnitude of PFD
disbursements) to the outcome residuals, with 2–6-month
exposure lags, to determine whether the odds of male twin live
births increase 2–6 months after PFD receipt. We chose this
exposure lag period based on prior research that posits this
induction period for exogenous economic factors to exert a
change in male twinning (Catalano et al., 2020; Karasek et al.,
2015; Singh, Gailey et al., 2023).

(4) If results from step 3 rejected the null, we repeated steps 1–3
for examination of the raw count of male twin live births
(instead of odds), controlling for the concomitant series of
male singleton live births (as a covariate transfer function) to
gauge consistency in results across two different formulations
of the outcome.

(5) As a falsification test, we repeated steps 1–3 for the series of
female twin live birth odds to check whether, per the Trivers-
Willard hypothesis, any observed increase in the outcome
(from step 3) appeared unique to males and not female twin
births.

Robustness checks included the examination of any changes in the
outcome in relation to the month-specific timing (but not
magnitude) of PFD disbursements to ascertain whether results
from our main analyses (step 3) were being driven by a potential
‘fixed’ effect of the month of PFD disbursement. We also explored
the relation between the exposure and outcome series using 7- to
11-month exposure lags (i.e., months beyond our hypothesized
exposure lag period until the next occurrence of PFD disburse-
ment) to test the veracity of our prespecified exposure lags. We
conducted all analyses using time-series software provided by
Scientific Computing Associates.

Results

Our analytic data comprised a total of 437,247 twin and singleton
births, of which 1.3% were male twin live births (Table 1). Figure 1
shows the monthly patterning of odds of male twin live births in
Alaska, from January 1980 to December 2019. PFD disbursements
averaged $1634 annually and primarily occurred in October, with
limited variation in monthly timing but substantial variation in
magnitude over our study period (Figure 2). Supplementary Figure
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S1 shows the trends in twin and singleton live births (monthly
count), by sex, in Alaska, from 1980 to 2019.

Box-Jenkins pattern recognition routines identified autore-
gressive (AR) parameters at 4, 5, 6 lags as the ARIMA signature of
the monthly series of male twin odds (outcome). Supplementary
Figure S2 shows the expected or fitted values (i.e., the ARIMA
signature) of our outcome series. We removed the autocorrelation
identified by this ARIMA signature from the observed series of
male twin odds to obtain the residuals of our outcome series
(shown in Supplementary Figure S3, overlaid with the timing and
magnitude of PFD payments). Next, we inspected the ARIMA-
derived outcome residuals to confirm absence of autocorrelation
(Supplementary Figure S4).

Results from time-series analyses indicate an increase in the
odds of male twin live births for every additional $1000 increase in
PFD payments 3 months after the exposure, controlling for
autocorrelation (Table 2, coefficient of exposure lag 3 = .002, p <
.05). In terms of absolute outcome counts, we observe 0.8 (or ∼1)
additional male twin live births per $1000 increment in PFD
payment three months after PFD disbursement (Table 3,
coefficient of exposure lag 3 = .8, p < .05).

We do not observe any change in the odds of female twin live
births in relation to the exposure (Supplementary Table S1). We
also do not observe any relation between the odds of male twin
births and the timing of PFD disbursements, which helps rule out a
potential ‘October’ effect on the patterning of male twinning in
Alaska (Supplementary Table S2). Exposure lags of 7−11 months
do not exhibit statistically detectable relations with the outcome
(Supplementary Table S3). Lastly, re-examination of our main test
using a reduced-form specification with only exposure lag 3
(excluding all other exposure terms) supports our original
inference (Supplementary Table S4). Our estimates also align
with those reported in prior time-series research on population-
level male twin live births (Supplementary Table S5). Taken
together, our results indicate a modest increase in male twin live
births in relation to the magnitude of PFD disbursements in
Alaska. Application of coefficient of exposure lag 3 from Table 3 to
the cumulative PFD payment amount ($62,095) yields 50
additional (individual) male twin live births (62,095 * 0.8/1000
≈ 50) statistically attributable to the cumulative amount disbursed
through the PFD over our study period.

Discussion

A substantial body of work supports the inverse relation between
adverse economic, macrosocial exposures and male twinning-
specific selection in utero (Bruckner et al., 2023; Catalano et al., 2020;
Karasek et al., 2015; Singh, Gailey et al., 2023). However, evidence of
the association between positive income shocks on male twin births
remains scarce. We examined whether income gains through the
largest and longest running unconditional cash transfer program in
the US—the Alaska Permanent Fund Dividend (PFD)—corre-
sponds with a proximate increase in male twin live births in the
Alaskan population. The PFD disbursements began in 1982
following operationalization of the Trans-Alaska oil Pipeline
System, with annual payments ranging from $600 to $2500 every
year, and continue to the present day (State of Alaska Department of
Revenue, 2024). Results from time-series analyses indicate higher
than expected male twin live births following $1000 increment in
PFD payments from 1980 to 2019. We do not observe this relation
among female twin live births, and sensitivity tests suggest that our
observed relation is driven by the generosity of PFD amounts, rather
than the month-specific timing of PFD payments.

Strengths of our analyses include rigorous time-series methods
that control for autocorrelation and establish temporal order (i.e.,
the exposure precedes the outcome). Our use of vital statistics
natality data also permits independent verification and replication
of our work. Use of theoretically relevant, proximate exposure lags
limits confounding from other longer running factors (such as
changes in assisted reproductive technology) that may influence
the temporal patterning of male twin births in Alaska over our
study period. Furthermore, our estimated coefficient (magnitude)
and exposure lag coheres with other studies that have examined the
relation between ambient exposures and male twin births in
diverse populations (Catalano et al., 2020; Karasek et al., 2015;
Singh, Gailey et al., 2023). For our observed relation between PFD
payment amounts and increase in male twin live births to arise
from a factor other than the PFD, such a factor would have to: (1)
be causally independent of the magnitude and timing of PFD
payments but exhibit identical variation to this exposure, (2)
increase the odds of male twin live births within 2−6 months post
exposure, (3) not correspond with any changes in the odds of
female twin live births, and (4) be independent of any downstream
effects of PFD transfers on birth outcomes. We know of no such
factor. Our results align with expectations from PFD receipt,
motivated by evolutionary biological mechanisms pertaining to
male-specific selection in utero (Trivers & Willard, 1973).

Prior work on the relation between macroeconomic
conditions and male twinning reports a decline in the odds of
male twin live births by 0.0012 two months after sudden drop in
consumer confidence index (indicative of increased population-
level financial risk aversion) in the Swedish population (Karasek
et al., 2015). Results from our analyses align with these estimates
(in the opposite direction) at a similar temporal lag. We contend
that our discovered statistical detection at exposure lag 3
suggests that any putative effect of the Alaska PFD may have
reduced male-specific selection in utero among persons who
were already pregnant and in the second trimester of gestation at
the time of PFD receipt. We do not find evidence of increased
male twinning in potentially ‘new’ or early conceptions
immediately following every $1000 increment in PFD receipt
as the coefficients for 6−11 month exposure lags in our analyses
do not indicate higher than expected odds of male twin live

Table 1. Description of twin, singleton live births and Permanent Fund Dividend
(PFD) payment in Alaska, 1980−2019

Total count Monthly mean
Monthly standard

deviation

Male twin live
births

5465 11.4 4.7

Female twin live
births

5475 11.4 4.9

Male singleton
live births

218,863 456 45.6

Female singleton
live births

207,444 432.2 44.3

Total amount
per capita

Annual mean
per capita

Annual standard
deviation

PFD payment $62,095 $1,634 $619
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births. This observation, along with results reported by prior
research, suggests that male-specific selection in utero may be
sensitive to (positive or negative) economic shocks in the second
or early third trimester of pregnancy on average, relative to
other gestational periods. We acknowledge the speculative
nature of this proposition as we do not examine responses by
conception or gestational cohorts in this study, and we
encourage future research to use more refined data to examine
trimester-specific changes in male twinning following exog-
enous economic exposures.

Limitations include that we do not examine conception cohort-
specific patterning of male twinning in relation to PFD receipt. The
vital statistics natality data files used in this study provide
gestational age at birth in bins of 3−4 weeks, which diminishes our
ability to create precise conception cohort arrays of twin and
singleton births. We are also unable to distinguish between
monozygotic versus dizygotic twins and we do not have consistent
information on use of assisted reproductive technology for all live
births over our study period. Whereas our exclusion of higher
order births (i.e., triplets, quadruplets) and our analysis of female
twin births following PFD disbursements may address concerns
regarding potential confounding from rapid changes in adoption
of assisted reproductive technology between 1980 to 2019, we
encourage future research to use more detailed data (if available) to
examine the validity of our findings after accounting for these
factors.

Unconditional cash transfers have attracted increasing atten-
tion in recent years, with hundreds of local pilot programs
throughout the US (Elliott et al., 2023), some of which particularly
focus on birth outcomes (Bridge Project, 2024; California Preterm
Birth Initiative, n.d.; RxKids, 2024). The last time unconditional
cash transfer programs garnered this much attention in high
income countries was during the Nixon administration in which
multiple cities in the US and Canada tried small-scale Negative
Income Tax experiments (Widerquist, 2005). The cash payments
in these experiments showed mixed effects on birth outcomes. In
Gary, Indiana researchers found that the program increased birth
weight, but the sample size was small and not diverse (Kehrer &
Wolin, 1979), while the larger experiment in Manitoba showed no
effect on newborn health outcomes (Forget, 2011). More recently,
studies in the US show increased fertility (Cowan & Douds, 2022;
Singh, Gemmill et al., 2023) but offer mixed evidence of improved
birth outcomes (like preterm births, low birthweight) following
unconditional cash receipt (Wyndham-Douds & Cowan, 2024).
Other large-scale cash transfer (or cash-adjacent) programs such as
the Earned Income Tax Credit, food stamps and Child Tax Credit
policies correspond with reductions in preterm or low birth-weight
births (Almond et al., 2011; Hamad&Rehkopf, 2015; Hoynes et al.,
2015; Markowitz et al., 2017), while some of these policies also
correspond with a counterintuitive increase (or no change) in low
birthweight in exposed cohorts (Bruckner et al., 2013; Currie &
Cole, 1993; Margerison et al., 2023). If resource gains from these

Figure 1. Monthly trends in odds of male twin live births in Alaska, January 1980 to December 2019.

Figure 2. Trends in Permanent Fund Dividend payments (in $1000s, 2015 USD) in Alaska, January 1980−December 2019.
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programs increase fetal viability, any consequent reduction in
selection in utero should correspond with higher than expected
male twin live births in these populations. Reduced selection in
utero could also help explain counterintuitive findings of higher
preterm births among recipients of income/cash transfer pro-
grams, as birth cohorts with higher than expected male twin live
births would presumably comprise a higher proportion of frail
births that were not spontaneously aborted in the peri-viable fetal
stage and were converted into viable, albeit frail, live births
following maternal exposure to cash transfers. Thus, examination
of the incidence of male twin live births may offer a way to resolve
debates around mixed evidence of improved birth outcomes
following cash/resource transfers. We caution that population-

level changes in male twinning and selection in utero responses
may not be detectable in small sample sizes. Stable signals of
evolutionary mechanisms are typically observable in large
populations as any changes in the patterning of evolutionarily
determined birth outcomes may be too weak, noisy or unstable for
rigorous analysis in small samples.

Birth cohorts responding to increased economic resources may
convert peri-viable gestations to viable fetuses and yield relatively
more frail live births (that may have otherwise been aborted in
utero; Bruckner & Catalano, 2018). This potential conversion may
hold implications for birth cohort composition and fitness
(Catalano et al., 2020; Karasek et al., 2015). It is plausible that
birth cohorts with higher-than-expected male twin live births
(indicating lower selection in utero) may exhibit relatively higher
volume of infants with birth defects, higher neonatal mortality and
other genetic conditions (Bruckner, Catalano et al., 2021;
Bruckner, Gailey et al., 2021; Bruckner et al., 2015; Singh et al.,
2017). We encourage future research to examine the relation
between exposures that increase resources and economic certainty
and birth cohort fitness in large populations.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/thg.2024.50.

Data availability statement. Data used in this study are available upon
request from the Alaska Department of Health’s Health Analytics and Vital
Records department: https://health.alaska.gov/dph/VitalStats/Pages/data/
default.aspx

Financial support. Funding for this research was provided by the Institute for
Population Research and core support from the NIH center grant
P2CHD058484 awarded by the National Institute of Child Health and
HumanDevelopment. The funding organization played no role in any aspect of
this study’s design, implementation, analysis and manuscript development.

Competing interests. All authors declare no competing interests.

Ethics standard.This study used de-identified, aggregate data andwas deemed
exempt from IRB review.

References

AlaskaDepartment ofHealth. (2023). Data and statistics. Health Analytics and
Vital Records. https://health.alaska.gov/dph/VitalStats/Pages/data/default.
aspx

Alaska Permanent Fund Corporation. (2023). 2022 annual report. https://
apfc.org/download/12/annual-reports/3802/2022-apfc-annual-report.pdf

Almond, D., Hoynes, H.W., & Schanzenbach, D.W. (2011). Inside the war on
poverty: The impact of food stamps on birth outcomes. The Review of
Economics and Statistics, 93, 387–403. https://doi.org/10.1162/REST_a_
00089

Ammon Avalos, L., Galindo, C., & Li, D. (2012). A systematic review to
calculate background miscarriage rates using life table analysis. Birth Defects
Research Part A: Clinical and Molecular Teratology, 94, 417–423. https://doi.
org/10.1002/bdra.23014

Bolund, E., Lummaa, V., Smith, K. R., Hanson, H. A., & Maklakov, A. A.
(2016). Reduced costs of reproduction in femalesmediate a shift from amale-
biased to a female-biased lifespan in humans. Scientific Reports, 6, 1–9.
https://doi.org/10.1038/srep24672

Box, G. E. P., Jenkins, G.M., Reinsel, G. C., & Ljung, G.M. (2015).Time series
analysis: forecasting and control. John Wiley & Sons.

Bridge Project. (2024). Why cash? https://bridgeproject.org/why-cash/
Bruckner, T. A., Bustos, B., Margerison, C., Gemmill, A., Casey, J., &

Catalano, R. (2023). Selection in utero against male twins in the United

Table 2. Results from ARIMA time-series analysis of monthly odds of male twin
live births as a function of PFD month and amount (in $1000s) and
autocorrelation, Alaska, 1980−2019

Variables Coefficient Standard error

PFD month and amount (in $1000s)

Lag 2 (2 months post PFD disbursement) .001 0.0008

Lag 3 (3 months post PFD disbursement) .002* 0.0008

Lag 4 (4 months post PFD disbursement) .0004 0.0008

Lag 5 (5 months post PFD disbursement) .0003 0.0008

Lag 6 (6 months post PFD disbursement) −.0004 0.0008

Autocorrelation parameters

AR 4 .122* 0.045

AR 5 .146** 0.045

AR 6 .134** 0.045

Constant .025*** 0.0008

Note: AR, autoregression. *p < .05, **p < .01, ***p < .001; two-tailed test.

Table 3. Results from ARIMA time-series analysis of monthly count of male twin
live births as a function of PFD month and amount (in $1000s), monthly count of
male singleton live births and autocorrelation, Alaska, 1980−2019

Variables Coefficient Standard error

PFD month and amount (in $1000s)

Lag 2 (2 months post PFD disbursement) 0.47 0.37

Lag 3 (3 months post PFD disbursement) 0.80* 0.37

Lag 4 (4 months post PFD disbursement) 0.20 0.37

Lag 5 (5 months post PFD disbursement) 0.20 0.37

Lag 6 (6 months post PFD disbursement) −0.10 0.37

Male singleton live births 0.024*** 0.0006

Autocorrelation parameters

AR 4 0.124* 0.045

AR 5 0.15** 0.045

AR 6 0.14** 0.045

Note: AR, autoregression. *p < .05, **p < .01, ***p < .001; two-tailed test.

Twin Research and Human Genetics 39

https://doi.org/10.1017/thg.2024.50 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2024.50
https://health.alaska.gov/dph/VitalStats/Pages/data/default.aspx
https://health.alaska.gov/dph/VitalStats/Pages/data/default.aspx
https://health.alaska.gov/dph/VitalStats/Pages/data/default.aspx
https://health.alaska.gov/dph/VitalStats/Pages/data/default.aspx
https://apfc.org/download/12/annual-reports/3802/2022-apfc-annual-report.pdf
https://apfc.org/download/12/annual-reports/3802/2022-apfc-annual-report.pdf
https://doi.org/10.1162/REST_a_00089
https://doi.org/10.1162/REST_a_00089
https://doi.org/10.1002/bdra.23014
https://doi.org/10.1002/bdra.23014
https://doi.org/10.1038/srep24672
https://bridgeproject.org/why-cash/
https://doi.org/10.1017/thg.2024.50


States early in the COVID-19 pandemic. American Journal of Human
Biology, 35, e23830. https://doi.org/10.1002/ajhb.23830

Bruckner, T. A., & Catalano, R. (2018). Selection in utero and population
health: Theory and typology of research. SSM Population Health, 5, 101–113.
https://doi.org/10.1016/j.ssmph.2018.05.010

Bruckner, T. A, Catalano, R., & Ahern, J. (2010). Male fetal loss in the US
following the terrorist attacks of September 11, 2001. BMC Public Health, 10,
1–6. https://doi.org/10.1186/1471-2458-10-273

Bruckner, T. A, Gailey, S., Das, A., Gemmill, A., Casey, J. A., Catalano, R.,
Shaw, G. M., Zeitlin, J. (2021). Stillbirth as left truncation for early neonatal
death in California, 1989–2015: A time-series study. BMC Pregnancy and
Childbirth, 21, 1–9. https://doi.org/10.1186/s12884-021-03852-z

Bruckner, T. A., Helle, S., Bolund, E., & Lummaa, V. (2015). Culled males,
infant mortality and reproductive success in a pre-industrial Finnish
population. Proceedings of the Royal Society B: Biological Sciences, 282,
20140835. https://doi.org/10.1098/rspb.2014.0835

Bruckner, T. A, Rehkopf, D. H., & Catalano, R. A. (2013). Income gains and
very low-weight birth among low-income black mothers in California.
Biodemography and Social Biology, 59, 141–156. https://doi.org/10.1080/
19485565.2013.833802

Bruckner, T. A., Catalano, R., Das, A., & Lu, Y. (2021). Cohort selection in
utero against male twins and childhood cancers: A population-based register
study. Cancer Epidemiology and Prevention Biomarkers, 30, 1834–1840.
https://doi.org/10.1158/1055-9965.EPI-21-0053

Byrne, J., & Warburton, D. (1987). Male excess among anatomically normal
fetuses in spontaneous abortions. American Journal of Medical Genetics, 26,
605–611. https://doi.org/10.1002/ajmg.1320260315.

California Preterm Birth Initiative. (n.d.). Abundant Birth Project. https://
pretermbirthca.ucsf.edu/abundant-birth-project

Catalano, R. A., Goldman-Mellor, S., Karasek, D. A., Gemmill, A., Casey,
J. A., Elser, H., Bruckner, T. A., & Hartig, T. (2020). Collective optimism
and selection against male twins in utero. Twin Research and Human
Genetics, 23, 45–50. https://doi.org/10.1017/thg.2020.2

Catalano, R. A., Saxton, K. B., Gemmill, A., & Hartig, T. (2016). Twinning in
Norway following the Oslo Massacre: Evidence of a ‘Bruce effect’in humans.
Twin Research and Human Genetics, 19, 485–491. https://doi.org/10.1017/
thg.2016.58

Catalano, R. A., Saxton, K., Bruckner, T., Goldman, S., & Anderson, E.
(2009). A sex-specific test of selection in utero. Journal of Theoretical Biology,
257, 475–479. https://doi.org/10.1016/j.jtbi.2008.12.008

Cowan, S. K., & Douds, K. W. (2021). Examining the effects of a universal
cash transfer on fertility. https://as.nyu.edu/content/dam/nyu-as/
populationCenter/documents/Cowan_Douds_Feb_2021.pdf

Cowan, S. K., & Douds, K.W. (2022). Examining the effects of a universal cash
transfer on fertility. Social Forces, 101, 1003–1030. https://doi.org/10.1093/sf/
soac013

Currie, J., & Cole, N. (1993).Welfare and child health: The link between AFDC
participation and birth weight. The American Economic Review, 83, 971–985.
https://www.jstor.org/stable/2117589

DiLalla, L. F., Mullineaux, P. Y., & Elam, K. K. (2008). Twins. In M. M. Haith
& J. B. Benson (Eds.), Encyclopedia of infant and early childhood development
(vol. 3, pp. 369–379). Elsevier. https://doi.org/10.1016/B978-012370877-9.
00166-3

Elliott, D., Hamilton, L., & Smith, S. (2023). Current and recent basic
income and guaranteed income pilots in the United States. InM. Torry (Ed.),
The Palgrave international handbook of basic income (pp. 463–491).
Springer.

Forbes, L. S., & Mock, D. W. (1998). Parental optimism and progeny choice:
When is screening for offspring quality affordable. Journal of Theoretical
Biology, 192, 3–14. https://doi.org/10.1006/jtbi.1997.0596

Forget, E. L. (2011). The townwith no poverty: The health effects of a Canadian
guaranteed annual income field experiment. Canadian Public Policy, 37,
283–305. https://doi.org/10.3138/cpp.37.3.283

Goldhaber, M. K., & Fireman, B. H. (1991). The fetal life table revisited:
Spontaneous abortion rates in three Kaiser Permanente cohorts.
Epidemiology, 2, 33–39. https://www.jstor.org/stable/20065662

Hamad, R., & Rehkopf, D. H. (2015). Poverty, pregnancy, and birth outcomes:
A study of the earned income tax credit. Paediatric and Perinatal
Epidemiology, 29, 444–452. https://doi.org/10.1111/ppe.12211

Hassold, T., Quillen, S. D., & Yamane, J. A. (1983). Sex ratio in spontaneous
abortions. Annals of Human Genetics, 47, 39–47. https://doi.org/10.1111/j.
1469-1809.1983.tb00968.x.

Hoynes, H., Miller, D., & Simon, D. (2015). Income, the earned income tax
credit, and infant health. American Economic Journal: Economic Policy, 7,
172–211. https://doi.org/10.1257/pol.20120179

Hoynes, H., & Rothstein, J. (2019). Universal basic income in the United States
and advanced countries. Annual Review of Economics, 11, 929–958. https://
doi.org/10.1146/annurev-economics-080218-030237

Karasek, D., Goodman, J., Gemmill, A., Falconi, A., Hartig, T., Magganas,
A., & Catalano, R. (2015). Twins less frequent than expected among male
births in risk averse populations. Twin Research and Human Genetics, 18,
314–320. https://doi.org/10.1017/thg.2015.22

Kehrer, B. H., & Wolin, C. M. (1979). Impact of income maintenance on low
birth weight: Evidence from the Gary Experiment. Journal of Human
Resources, 434–462. https://doi.org/10.2307/145316

Kline, J., & Stein, Z. (1987). Epidemiology of chromosomal anomalies in
spontaneous abortion: prevalence, manifestation and determinants. In M. J.
Bennett & D. K. Edmonds (Eds.), Spontaneous and recurrent abortion (pp.
29–50). Blackwell Scientific Publications.

Kueng, L. (2018). Excess sensitivity of high-income consumers. The Quarterly
Journal of Economics, 133, 1693–1751. https://doi.org/10.1093/qje/qjy014

Lummaa, V., Haukioja, E., Lemmetyinen, R., & Pikkola, M. (1998). Natural
selection on human twinning.Nature, 394, 533–534. https://doi.org/10.1038/
28977

Margerison, C. E., Zamani-Hank, Y., Catalano, R., Hettinger, K., Michling,
T. R., & Bruckner, T. A. (2023). Association of the 2021 Child
Tax Credit Advance Payments with low birth weight in the US. JAMA
Network Open, 6, e2327493–e2327493. https://doi.org/10.1001/
jamanetworkopen.2023.27493

Markowitz, S., Komro, K. A., Livingston,M.D., Lenhart, O., &Wagenaar, A.
C. (2017). Effects of state-level Earned Income Tax Credit laws in the US on
maternal health behaviors and infant health outcomes. Social Science &
Medicine, 194, 67–75. https://doi.org/10.1016/j.socscimed.2017.10.016

McCleary, R., Hay, R. A., Meidinger, E. E., & McDowall, D. (1980). Applied
time series analysis for the social sciences. Sage Publications.

National Center for Health Statistics. (2022). Restricted-use vital statistics
data. https://www.cdc.gov/nchs/nvss/nvss-restricted-data.htm

O’Brien, J. P., & Olson, D. O. (1990). The Alaska Permanent Fund and
Dividend Distribution Program. Public Finance Review, 18, 139–156. https://
doi.org/10.1177/109114219001800201

RxKids. (2024). RxKids: A prescription for health, hope, and opportunity.
https://rxkids.org/

Shumway, R. H., Stoffer, D. S., & Stoffer, D. S. (2000).Time series analysis and
its applications (vol. 3). Springer.

Singh, P., Gailey, S., Das, A., & Bruckner, T. A. (2023). National trends in
suicides and male twin live births in the US, 2003 to 2019: An updated test of
collective optimism and selection in utero. Twin Research and Human
Genetics, 26, 353–360. http://dx.doi.org/10.1017/thg.2023.49

Singh, P., Gemmill, A., & Bruckner, T.-A. (2023). Casino-based cash transfers
and fertility among the Eastern Band of Cherokee Indians in North Carolina:
A time-series analysis. Economics & Human Biology, 51, 101315. http://dx.
doi.org/10.1016/j.ehb.2023.101315

Singh, P., Yang, W., Shaw, G. M., Catalano, R., & Bruckner, T. A. (2017).
Selected birth defects among males following the United States terrorist
attacks of 11 September 2001. Birth Defects Research, 109, 1277–1283. http://
dx.doi.org/10.1002/bdr2.1072

40 Parvati Singh et al.

https://doi.org/10.1017/thg.2024.50 Published online by Cambridge University Press

https://doi.org/10.1002/ajhb.23830
https://doi.org/10.1016/j.ssmph.2018.05.010
https://doi.org/10.1186/1471-2458-10-273
https://doi.org/10.1186/s12884-021-03852-z
https://doi.org/10.1098/rspb.2014.0835
https://doi.org/10.1080/19485565.2013.833802
https://doi.org/10.1080/19485565.2013.833802
https://doi.org/10.1158/1055-9965.EPI-21-0053
https://doi.org/10.1002/ajmg.1320260315
https://pretermbirthca.ucsf.edu/abundant-birth-project
https://pretermbirthca.ucsf.edu/abundant-birth-project
https://doi.org/10.1017/thg.2020.2
https://doi.org/10.1017/thg.2016.58
https://doi.org/10.1017/thg.2016.58
https://doi.org/10.1016/j.jtbi.2008.12.008
https://as.nyu.edu/content/dam/nyu-as/populationCenter/documents/Cowan_Douds_Feb_2021.pdf
https://as.nyu.edu/content/dam/nyu-as/populationCenter/documents/Cowan_Douds_Feb_2021.pdf
https://doi.org/10.1093/sf/soac013
https://doi.org/10.1093/sf/soac013
https://www.jstor.org/stable/2117589
https://doi.org/10.1016/B978-012370877-9.00166-3
https://doi.org/10.1016/B978-012370877-9.00166-3
https://doi.org/10.1006/jtbi.1997.0596
https://doi.org/10.3138/cpp.37.3.283
https://www.jstor.org/stable/20065662
https://doi.org/10.1111/ppe.12211
https://doi.org/10.1111/j.1469-1809.1983.tb00968.x
https://doi.org/10.1111/j.1469-1809.1983.tb00968.x
https://doi.org/10.1257/pol.20120179
https://doi.org/10.1146/annurev-economics-080218-030237
https://doi.org/10.1146/annurev-economics-080218-030237
https://doi.org/10.1017/thg.2015.22
https://doi.org/10.2307/145316
https://doi.org/10.1093/qje/qjy014
https://doi.org/10.1038/28977
https://doi.org/10.1038/28977
https://doi.org/10.1001/jamanetworkopen.2023.27493
https://doi.org/10.1001/jamanetworkopen.2023.27493
https://doi.org/10.1016/j.socscimed.2017.10.016
https://www.cdc.gov/nchs/nvss/nvss-restricted-data.htm
https://doi.org/10.1177/109114219001800201
https://doi.org/10.1177/109114219001800201
https://rxkids.org/
https://doi.org/http://dx.doi.org/10.1017/thg.2023.49
https://doi.org/http://dx.doi.org/10.1016/j.ehb.2023.101315
https://doi.org/http://dx.doi.org/10.1016/j.ehb.2023.101315
https://doi.org/http://dx.doi.org/10.1002/bdr2.1072
https://doi.org/http://dx.doi.org/10.1002/bdr2.1072
https://doi.org/10.1017/thg.2024.50


State of Alaska, Department of Revenue. (2024). Summary of Dividend
Applications & Payments. https://pfd.alaska.gov/Division-Info/summary-
of-dividend-applications-payments

State of Alaska, Department of Revenue, Permanent Fund Dividend
Division. (2020). Annual report 2020. https://pfd.alaska.gov/docs/
permanentfunddividendlibraries/annual-reports/2020-pfd-annual-
report4d582e45-b79b-42d6-8115-4de003db8a31.pdf?sfvrsn=5bbc5765_3

State of Alaska, Department of Revenue, Permanent Fund Dividend
Division. (2021). Statutes and Regulations 2021. Alaska Department of
Revenue. https://pfd.alaska.gov/docs/permanentfunddividendlibraries/
statutes-and-regulations/2021-stats-and-regs-with-corrections-june-2021-
final.pdf?sfvrsn=a921474_3&fileticket=09WHHwKo8hw%3D&portalid=6

Stolte, A., Gemmill, A., Lee, H., Bustos, B., Casey, J. A., Bruckner, T. A., &
Catalano, R. A. (2024). Male twinning after the 2008 Obama election: A test
of symbolic empowerment. Social Science&Medicine, 356, 117131. http://dx.
doi.org/10.1016/j.socscimed.2024.117131

Trivers, R. L., & Willard, D. E. (1973). Natural selection of parental ability to
vary the sex ratio of offspring. Science, 179, 90–92. http://dx.doi.org/10.1126/
science.179.4068.90

Watson, B., Guettabi, M., & Reimer, M. (2019). Universal cash transfers
reduce childhood obesity rates. SSRN. http://dx.doi.org/10.2139/ssrn.
3380033

Widerquist, K. (2005). A failure to communicate: What (if anything) can we
learn from the negative income tax experiments? The Journal of Socio-
Economics, 34, 49–81.

Wyndham-Douds, K., & Cowan, S. K. (2024). Estimating the effect of a
universal cash transfer on birth outcomes. American Sociological Review, 89,
789–819. https://doi.org/10.1177/00031224241268059

Yonzan, N., Timilsina, L., & Kelly, I. R. (2024). Economic incentives surrounding
fertility: Evidence fromAlaska’s permanent funddividend.Economics&Human
Biology, 52, 101334. https://doi.org/10.1016/j.ehb.2023.10133

Twin Research and Human Genetics 41

https://doi.org/10.1017/thg.2024.50 Published online by Cambridge University Press

https://pfd.alaska.gov/Division-Info/summary-of-dividend-applications-payments
https://pfd.alaska.gov/Division-Info/summary-of-dividend-applications-payments
https://pfd.alaska.gov/docs/permanentfunddividendlibraries/annual-reports/2020-pfd-annual-report4d582e45-b79b-42d6-8115-4de003db8a31.pdf?sfvrsn=5bbc5765_3
https://pfd.alaska.gov/docs/permanentfunddividendlibraries/annual-reports/2020-pfd-annual-report4d582e45-b79b-42d6-8115-4de003db8a31.pdf?sfvrsn=5bbc5765_3
https://pfd.alaska.gov/docs/permanentfunddividendlibraries/annual-reports/2020-pfd-annual-report4d582e45-b79b-42d6-8115-4de003db8a31.pdf?sfvrsn=5bbc5765_3
https://pfd.alaska.gov/docs/permanentfunddividendlibraries/annual-reports/2020-pfd-annual-report4d582e45-b79b-42d6-8115-4de003db8a31.pdf?sfvrsn=5bbc5765_3
https://pfd.alaska.gov/docs/permanentfunddividendlibraries/statutes-and-regulations/2021-stats-and-regs-with-corrections-june-2021-final.pdf?sfvrsn=a921474_3&fileticket=09WHHwKo8hw%3D&portalid=6
https://pfd.alaska.gov/docs/permanentfunddividendlibraries/statutes-and-regulations/2021-stats-and-regs-with-corrections-june-2021-final.pdf?sfvrsn=a921474_3&fileticket=09WHHwKo8hw%3D&portalid=6
https://pfd.alaska.gov/docs/permanentfunddividendlibraries/statutes-and-regulations/2021-stats-and-regs-with-corrections-june-2021-final.pdf?sfvrsn=a921474_3&fileticket=09WHHwKo8hw%3D&portalid=6
https://pfd.alaska.gov/docs/permanentfunddividendlibraries/statutes-and-regulations/2021-stats-and-regs-with-corrections-june-2021-final.pdf?sfvrsn=a921474_3&fileticket=09WHHwKo8hw%3D&portalid=6
https://pfd.alaska.gov/docs/permanentfunddividendlibraries/statutes-and-regulations/2021-stats-and-regs-with-corrections-june-2021-final.pdf?sfvrsn=a921474_3&fileticket=09WHHwKo8hw%3D&portalid=6
https://pfd.alaska.gov/docs/permanentfunddividendlibraries/statutes-and-regulations/2021-stats-and-regs-with-corrections-june-2021-final.pdf?sfvrsn=a921474_3&fileticket=09WHHwKo8hw%3D&portalid=6
https://doi.org/http://dx.doi.org/10.1016/j.socscimed.2024.117131
https://doi.org/http://dx.doi.org/10.1016/j.socscimed.2024.117131
https://doi.org/http://dx.doi.org/10.1126/science.179.4068.90
https://doi.org/http://dx.doi.org/10.1126/science.179.4068.90
https://doi.org/http://dx.doi.org/10.2139/ssrn.3380033
https://doi.org/http://dx.doi.org/10.2139/ssrn.3380033
https://doi.org/10.1177/00031224241268059
https://doi.org/10.1016/j.ehb.2023.10133
https://doi.org/10.1017/thg.2024.50

	Male Twin Live Births Following Unconditional Cash Transfers in Alaska: A Time-Series Analysis
	Materials and Methods
	Data and Variables
	Analysis

	Results
	Discussion
	References


