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AbsTRACT: This paper contributes to the verification of the Trivers–Willard hypothesis (TWH). Based on the 
TWH, observed sex (male-to-female) ratio at birth in a population is presumed to decline when parents 
experience economic stress. The empirical evidence so far is mixed.

The research material consisted of data on the total numbers of live male and female births in the 
Polish population in the years 1995–2020. The data were used to produce semiannual time series for 
secondary sex ratio (SSR), and the sex ratio at birth (SRB). The variable describing the economic stress of 
households was percentage change in private consumption. The statistical method proposed by Catalano 
and Bruckner – expanded to include additional statistical analyses – was applied to retest the economic 
stress hypothesis. The analysis led to complementary ARMAX models, explaining SSR or SRB variance 
based on autoregression and the moving average process, as well as private consumption. The results 
indicate that periods of decreasing consumption favored mothers having daughters, while periods of 
increasing consumption favored mothers having sons. The number of “additional” male births resulting 
from improved economic conditions was calculated for the period of study. Consequently, the economic 
factor was shown to have a positive effect on the human sex ratio. At the same time, it should be noted 
that SSR and SRB reaction lags to consumption changes were different for Łódzkie Province (one year) and 
for Poland (two years).

The obtained results led to the “correct” verification of the Trivers–Willard hypothesis (TWH): 
economic stress affected the SSR and SRB in Poland. Both SSR and SRB were useful in analyzing economic 
stress (a dual solution). The use of a greater density of data points was shown to improve analysis effects 
and increase the likelihood of a “positive” verification of the economic stress hypothesis.
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Introduction

The Trivers–Willard hypothesis (TWH) 
posits that the maximization of repro-
ductive success in mammals is associated 
with modifying the sex ratio of offspring 
depending on maternal condition (Tri-
vers and Willard 1973). As indicated by 
research on human populations, natural 
selection mechanisms decrease the male 
birth rate in stressful periods by reducing 
the number of conceptions and increas-
ing the proportion of spontaneous abor-
tions of male fetuses (James and Grech 
2017). This implies that a long-term de-
terioration of living conditions (e.g., eco-
nomic stress) in the human population 
may lead to a  lower sex ratio at birth. 
However, research on the verification of 
the so-called economic stress hypothe-
sis initiated by Catalano and Bruckner 
(2005) has not led to conclusive results.

That research has been based on 
the secondary sex ratio (SSR), which is 
the ratio of male to female live births 
(Cata lano 2003; Catalano and Bruck-
ner 2005; Żądzińska et al. 2007; 2011) 
or the human sex ratio measured as the 
sex ratio at birth (SRB) calculated as the 
proportion of male births in relation to 
all births (Helle et al. 2009; Wu 2021). 
Analysis has also included the annual 
number of stillbirths by sex, accounting 
for part of the overall number of prenatal 
deaths. Findings on the mortality of male 
and female fetuses may shed light on the 
mechanisms underlying the Trivers–Wil-
lard hypothesis (Catalano et al. 2005a; 
2005b; Helle et al. 2009)

Research in this area is usually based 
on the annual number of live births by 
sex. The availability of birth registers and 
metrics describing changes in economic 
conditions over time in a given country 
have made it possible to design and con-

duct analyses for different periods and 
different human populations: for 1862–
1991 and 1749–1991 in Sweden (Cata-
lano and Bruckner 2005; Wu 2021), for 
1865–2003 in Finland (Helle et al. 2009), 
for 1946–1999 in East and West Germa-
ny (Catalano 2003), and for 1956–2005 
(Żądzińska et al. 2007) and 1995–2007 
(Żądzińska et al. 2011) in Poland (with 
quarterly data in the latter case).

Previous research, using different 
measures of changes in economic condi-
tions, has partially confirmed that an eco-
nomic recession may reduce the propor-
tion of male births. Catalano (2003), who 
applied time series analysis to data from 
East and West Germany for 1946–1999, 
found the SSR in East Germany in the 
turbulent year 1991 (1.044) to be lower 
than the ratio of 1.059 expected from his-
tory and from the ratio in West Germany.

Analyzing monthly data from January 
1989 to December 2001, Catalano et al. 
(2005a) reported that the fetal death sex 
ratio increased in months when the un-
employment rate also increased. Using 
demographic and economic data span-
ning 129 years for Sweden, Catalano and 
Bruckner (2005) found a positive corre-
lation between percentage change in pri-
vate consumption and the SSR in that 
country in the period 1862–1991.

A few subsequent studies did not re-
port conclusive results, which indicates 
the need to further verify the relationship 
between economic stress and the sex 
ratio at birth (Margerison Zilko 2010). 
A  Polish study following Catalano and 
Bruckner’s methodology (2005) using 
annual data for 1956–2005 did not reveal 
a  correlation between consumption and 
the SSR (Żądzińska et al. 2007). Simi-
larly, findings from another study using 
a dynamic regression model did not bear 
out an association between the SRB and 
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changes in real GDP in Finland between 
1865 and 2003 (Helle et al. 2009). Cata-
lano and Bruckner’s analysis (2005), 
involving data from 1862–1991, did 
confirm an association between private 
consumption and the Swedish SSR over 
129 years, while an extended research 
by Wu (2021), encompassing time series 
from almost two and a  half centuries 
(1749–1991), was inconclusive as to the 
effects of economic stress on changes in 
the Swedish SRB.

The verification of the economic 
stress hypothesis requires long study pe-
riods, which may not always be possible 
due to the absence of data or inaccurate 
records of live births. In addition, in 
many places around the world there are 
no records of prenatal deaths. In the case 
of Poland, data on births in the interwar 
period (1918–1939) may be distorted as 
some parents may have consciously de-
layed birth registration or failed to regis-
ter (Szukalski 2010). As was mentioned 
above, attempts to explain changes in the 
SSR in Poland by economic stress (deteri-
oration of living conditions) over a period 
of 50 years (1956–2005) did not bring the 
expected results (Żądzińska et al. 2007). 
According to some Polish demographers, 
this may be partially attributed to the 
choice of indicator of living conditions 
in the study i.e. the private consumption 
of households, which may have overes-
timated the actual living conditions in 
the years of market shortages (Szukalski 
2010). On the other hand, the results of 
another study, limited to the years follow-
ing the period of political and economic 
transformation in Poland (1995–2007) 
did show a positive correlation between 
percentage change in private consump-
tion and the SSR using quarterly data for 
Łódzkie Province (Żądzińska et al. 2011): 
the SSR was found to decrease four quar-

ters after the occurrence of an economic 
stressor. Thus, the results may suggest 
that SSR fluctuations could be used as an 
indicator of economic stress at the popu-
lation level.

Testing the Trivers–Willard 
hypothesis

The hypothesis posited by Trivers and 
Willard (TWH) initiated research on the 
effects of economic stress (consumption) 
on the number of male births in relation 
to that of female births. To verify the in-
fluence of the economic stress under the 
“incorrect“ null hypothesis (H0) it is as-
sumed that when consumption increas-
es over its expected value, then the sex 
ratio should fall below its expected value 
(it is an assumption that consumption 
does not matter). In turn, the alternative 
“correct” hypothesis (H1) assumes that 
lower-than-expected consumption of 
goods and services may cause eco nomic 
stress leading to a lower SSR (it is an as-
sumption about a  positive dependence 
between consumption and the second-
ary sex ratio). Firstly, from hypothesis 
H1 it follows that the observed SSR for 
live births should increase (as a result of 
a  higher number of male births and/or 
a  lower number of female births) when 
households consume more goods and 
services than they actually need. Second-
ly, this hypothesis suggests that the ob-
served SSR for live births should decrease 
(due to a higher number of female births 
and/or a  lower number of male births) 
when households consume fewer goods 
and services than they need.

Even though the literature does not 
provide a  test that can directly verify 
this hypothesis, the authors believe that 
the method proposed by Catalano and 
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Bruckner (2005) – based on an econo-
metric model – is correct. However, the 
method requires time series of sufficient 
length and temporal resolution, proper 
data preparation, and appropriate time 
series analysis. Therefore, it is crucial to 
have an in-depth understanding of the 
procedures used to verify the posited hy-
pothesis (see: Statistical analysis meth-
ods). In the classical theory of hypothesis 
verification, null and alternative hypo-
theses are not treated in the same way. 
H0 enjoys a certain advantage over H1 as 
it can be rejected only on the basis of very 
substantial evidence against it, usually at 
a 0.05 or 0.01 alpha level.

The TWH was previously confirmed 
for a  region in central Poland (Łódzkie 
Province) based on quarterly data for the 
years 1995–2007, following a  period of 
political and economic transformation 
(Żądzińska et al. 2011). The objective of 
the current study is to retest the TWH, 
this time using semiannual time series 
for Łódzkie Province and a new dataset 
for Poland. In addition, two different 
measures of the human sex ratio (the 
SSR and SRB) are analyzed in the study. 
The statistical method proposed by Cata-
lano and Bruckner (2005), expanded to 
include additional statistical analyses, is 
applied to retest the economic stress hy-
pothesis in Łódzkie Province and in Po-
land for the years 1995–2020.

Material and methods

Research material
Research material consisted of semian-
nual data on the total numbers of live 
male births (M) and live female births 
(F) in the Polish population in the years 
1995–2020 (52 semiannual data points) 
derived from balance tables of population, 
natural movements, and migrations. The 

authors had access to data for Poland and 
for individual regions (provinces) of the 
country at the NUTS-2 level (Statistics 
Poland). The available data were used to 
produce semiannual time series for the 
secondary sex ratio (SSR), which is the 
proportion of male to female births [M/F], 
and the sex ratio at birth (SRB), which is 
the proportion of male births to all births 
[M/(M+F)]. Fig. 1 presents SSR results for 
Poland and for Łódzkie Province.

In 1995–2020, the M/F ratio for Po-
land ranged from 1.0507 to 1.0814, with 
a mean of 1.0598, a  standard deviation 
(SD) of 0.006, and a  coefficient of vari-
ation (CV) of 0.58% (CV, expressed as 
a percentage, is the ratio of the standard 
deviation to the mean times 100). In the 
case of Łódzkie Province, the correspond-
ing values for the M/F ratio in 1995–
2020 were: 1.0198 (min), 1.1217 (max), 
1.0600 (mean), 0.018 (SD), and a CV of 
1.73% (Fig. 1). Diagrams plotted for the 
M/(M+F) ratio – despite using a  differ-
ent unit (%) – appeared very similar. In 
the years 1995–2020, SRB values ranged 
from 51.2% to 52.0% for Poland and from 
50.5% to 52.9% for Łódzkie Province; the 
results for Łódzkie Province also revealed 
greater variation.

According to the methodology de-
scribed in previous research (Catalano 
and Bruckner 2005; Żądzińska et al. 
2011), the economic stress experienced 
by the population in Poland and in Łódz-
kie Province was expressed by means of 
private consumption, that is, the final 
consumption expenditure of households 
(in million units of national currency at 
constant 2015 prices) was based on sea-
sonally and calendar adjusted data. In sta-
tistical analysis (ARMA models), the vari-
able describing the economic condition 
of households was percentage change in 
private consumption [ΔC/C] (Fig. 2).
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Fig. 1. M/F ratio (semiannual data) for Poland and for Łódzkie Province in 1995–2020. Authors’ calculation 
based on data obtained from https://demografia.stat.gov.pl/BazaDemografia/StartIntro.aspx (Statistics 
Poland)

Fig. 2. Percentage change in private consumption [ΔC/C] for Poland and for Łódzkie Province in 1995–
2020. Authors’ calculation based on data obtained from https://ec.europa.eu/eurostat/data/database 
(Economy and Finance / National accounts (ESA 2010) / Quarterly national accounts / Main GDP 
aggregates, Eurostat)
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Percentage change in private con-
sumption for Poland and for Łódzkie 
Province in the years 1995–2020 (semi-
annual data) was similar. The greatest 
one-off drop in consumption in the study 
period (by approx. 7.0%) was found for 
the first half of 2020, at the height of the 
COVID-19 pandemic (Fig. 2).

Statistical analysis methods
The effects of economic stress on the SSR 
and SRB were analyzed using the meth-
od proposed by Catalano and Bruckner 
(2005) supplemented by the authors with 
additional calculations, marked with an 
asterisk in the scheme below (*).

Step 1: Testing the stationarity of the 
[ΔC/C], M/F, and M/(M+F) time series. 
The trend line slope coefficient was de-
termined and evaluated. We used the aug-
mented Dickey–Fuller (ADF) test and Kwi-
atkowski–Phillips–Schmidt–Shin (KPSS) 
test to evaluate stationarity of the analyzed 
processes. Moreover, we examined fraction-
al integration of the time series by means 
of Geweke, Porter-Hudak (GPH) test (*).

Step 2: Construction of a  private 
consumption model [ΔC/C]. Percentage 
change in private consumption was de-
composed into statistically expected and 
unexpected components. The Box and 
Jenkins method (Box and Jenkins 1983) 
was applied to identify the order of the 
autoregressive process (AR), the moving 
average process (MA), and the autore-
gressive moving average process (ARMA) 
in this step and in Steps 3 and 4. The 
estimated values of the best-fitting Box–
Jenkins model can be thought of as the 
expected component of the modeled se-
ries while the differences between the 
observed and estimated values are the 
unexpected component.

Step 3: Construction of the M/F mod-
el. The SSR ratio was decomposed into 

statistically expected and unexpected 
components (see: Step 2). The unexpect-
ed component of private consumption 
(eΔC/C – residuals) was added to the M/F 
model.

Step 4: Construction of the M/(M+F) 
model. The SRB ratio was decomposed 
into statistically expected and unexpect-
ed components (see: Step 2). The unex-
pected component of private consump-
tion (eΔC/C – residuals) was added to the 
M/(M+F) model.

Step 5: Choosing the final M/F and 
M/(M+F) equations. The final models of 
the effects of economic stress on the sex 
ratio were selected according to the fol-
lowing criteria: (1) all parameters of the 
model were statistically different from 
zero, (2) the model exhibited the lowest 
Akaike Information Criterion (AIC), (3) 
the coefficient of the lagged explanatory 
variable (residual from the consumption 
model [eΔC/C(.)] was positive, and (4) 
the model enabled a dual solution – ob-
taining the same specification and (sta-
tistically different from zero) model pa-
rameters for both the SSR and SRB. This 
was an additional analysis measuring the 
stability of the association (*).

Step 6: Analysis of residuals from the 
model. Residuals from the final equation 
(stationarity, normal distribution) were 
evaluated and the equation was re-esti-
mated.

Step 7: Decision making (TWH). In 
constructing a  model explaining the SSR 
and SRB, the null hypothesis (H0) is de-
liberately incorrect. It assumes that an 
improvement in economic conditions re-
flected in increased consumption causes 
a decline in the SSR and SRB (an assump-
tion about the absence of a consumption 
effect), versus an alternative hypothesis 
(H1), that the economic factor has a pos-
itive effect on the  SSR and SRB. In sub-
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sequent steps of the analysis, efforts are 
made to reject the null hypothesis in favor 
of the alternative one. Thus, verification is 
carried out as follows (three variants): if the 
value of the eΔC/C(.) parameter estimated 
is at least two times greater than its stand-
ard error, then the estimation is deemed 
“stable” and H0 (no effect) is rejected in fa-
vor of H1 (economic effect on the SSR).

Further interpretation concerning the 
direction of the effect of economic condi-
tions (consumption) on the SSR and SRB 
is made on the basis of the sign of the co-
efficient and the lag order of the eΔC/C(.) 
variable: 1) If the estimated coefficient 
is positive, then increased consumption 
leads to an increase in the SSR and SRB 
with the lag (.) (decreased consumption 
leads to a decrease in that ratio with the 
lag (.)), which provides a “correct” verifi-
cation of the economic stress hypothesis. 
2) If the estimated coefficient is negative, 
then increased consumption leads to 
a decrease in the SSR and SRB with the 
lag (.), which means a failure to confirm 
the hypothesis posited by Trivers and 
Willard as to the relationship between 
decreasing consumption and decreasing 
numbers of male births (increasing num-
bers of female births).

Finally, 3), if the value of the estimated 
parameter is not at least two times greater 
than its standard error, then the solution 
is deemed “unstable”, which does not al-
low to reject hypothesis H0 that consump-
tion does not affect the SSR (the hypothe-
sized association was not found).

Step 8: Additional analyses. Option-
al procedures to evaluate the stability of 
the association: 1) checking additional 
lags in the final model (*), 2) checking 
for outliers, 3) transforming the second-
ary sex ratio into its natural logarithm 
to determine if systematic variability in 
the series could have induced the associ-

ation, 4) conversion of the final M/F and 
M/(M+F) equation into a new equation 
(model) in which the dependent variable 
is the number of males born (M) and the 
independent variables include the num-
ber of females born (F) – in order to esti-
mate how many boys in the population 
were born “additionally” due to good eco-
nomic conditions and/or how many boys 
in the population were not born due to 
economic stress (*).

The analysis led to complementary 
ARMAX models (ARMA with eXogenous 
variables) for Poland and for Łódzkie 
Province, explaining SSR or SRB variance 
based on autoregression and the moving 
average process, as well as private con-
sumption defined as the final consump-
tion expenditure of households.

The parameters of the models were 
estimated using the statistical program 
GRETL (GNU Regression Econometric 
and Time-Series Library) ver. 2021d (Kufel 
2013; Cottrell and Lucchetti 2016).

Results
The results of time series analysis for 
both variables are presented according to 
the successive steps laid out in the sec-
tion Material and methods: Statistical 
analysis methods.

Step 1: Testing the stationarity of the 
ΔC/C, M/F, and M/(M+F) time series. 

Analysis of individual time series, that 
is, ΔC/C, M/F, and M/(M+F), revealed 
that the mean value of the process was 
constant over time (the trend line slope 
coefficient statistically did not differ 
from zero) and that it was not inte grated 
(ADF). Additional analyses confirmed 
the stationarity of the process (KPSS) and 
the absence of evidence for a “long mem-
ory” effect (GPH). All three time series, 
both for Poland and for Łódzkie Province, 
were deemed stationary (Table 1).
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Table 1. Evaluation of the stationarity of time series

Specification
Poland Łódzkie Province

ΔC/C M/F M/(M+F) ΔC/C M/F M/(M+F)

Trend line Slope coefficient -0.0406 -0.0001 0.0000 -0.0407 -0.0003 -0.0001

p-value 0.0352 0.1082 0.1070 0.0407 0.1039 0.1039

Augmented Dickey-Fuller 
(ADF) test with a constant term

Value (a) -1.0851 -0.9752 -0.9772 -1.0981 -1.0116 -1.0087

p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Kwiatkowski–Phillips–
Schmidt–Shin (KPSS) test

Statistics 0.3531 0.2646 0.2657 0.3865 0.3679 0.3653

p-value 0.0990 p>0.10 p>0.10 0.0840 0.0920 0.0940

Geweke, Porter-Hudak 
(GPH) test

Fractional  
integration (d) 0.1358 0.0682 0.0309 0.2616 0.0183 0.0191

p-value 0.4145 0.7738 0.8529 0.6517 0.9272 0.9222

Step 2: Construction of the private 
consumption model [ΔC/C]. 

The parameters of the private con-
sumption model [ΔC/C] for Poland and 
for Łódzkie Province were identified on 
the basis of the autocorrelation function 
(ACF), partial autocorrelation function 
(PACF), Ljung–Box autocorrelation test, 

and plot (correlogram) analysis. The au-
thors reviewed numerous models with 
different combinations of AR and/or MA 
lags. The results of parameter estimation 
for the private consumption model for 
Poland (Eq. 1) and for Łódzkie Province 
(Eq. 2) are given below in their final ver-
sions.

Eq. 1. ARMAX(3,3) estimation with restrictionsa for 51 observations (1995.S2–2020.S2), dependent vari-
able – ΔC/C (Poland)

Variable Coefficient Standard error t-Statistic p-Value
Const 2.878 0.681 4.226 <0.0001
AR(3) 0.531 0.166 3.199 0.0014
MA(2) 0.792 0.117 6.742 <0.0001
MA(3) 0.447 0.123 3.638 0.0003

Z_2020.S1 −9.312 1.141 −8.161 <0.0001
Z_2005.S1 −3.792 0.571 −6.638 <0.0001
Z_2009.S1 −1.974 0.572 −3.454 0.0006
Z_2000.S2 −3.082 0.586 −5.257 <0.0001
Z_2012.S2 −1.575 0.460 −3.426 0.0006
Z_2015.S2 −1.163 0.558 −2.083 0.0372

Mean value of the dependent variable = 1.898
Standard deviation of the dependent variable = 2.042
Average random disturbances = −0.100
Standard deviation of random disturbances = 1.034
Log-likelihood = −78.161
Akaike Information Criterion (AIC) = 178.322
Schwarz Bayesian Information Criterion (BIC) = 199.572
Hannan–Quinn Information Criterion (HQC) = 186.442

Dependent variable ΔC/C – percentage change in private consumption (final consumption expenditure of 
households at constant 2015 prices); AR(3) – autoregressive parameter of the consumption equation rep-
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resenting relative change in consumption with three semiannual lags (1.5 years); MA(2) and MA(3) – two 
parameters of the moving average representing the estimated random term of the ΔC/C equation with two 
and three semiannual lags (1 year and 1.5 years), respectively; Z_... – binary variables used to explain out-
liers in the time series and increase the fit of the model.
a ARMAX model with all coefficients at lag 1 restricted to 0 and the coefficient at lag 2 (AR) restricted to 0.

Eq. 2. ARMAX(3,3) estimation with restrictionsa for 51 observations (1995.S2–2020.S2), dependent varia-
ble – ΔC/C (Łódzkie Province)

Variable Coefficient Standard error t-Statistic p-Value

Const 2.589 0.637 4.062 <0.0001

AR(3) 0.505 0.181 2.795 0.0052

MA(2) 0.835 0.101 8.299 <0.0001

MA(3) 0.401 0.103 3.883 0.0001

Z_2020.S1 −10.555 1.100 −9.597 <0.0001

Z_2000.S1 −4.071 0.614 −6.629 <0.0001

Z_2008.S1 3.171 0.464 6.833 <0.0001

Z_2002.S1 2.662 0.586 4.541 <0.0001

Z_2005.S1 −3.008 0.493 −6.101 <0.0001

Z_2013.S1 −1.530 0.484 −3.161 0.0016

Mean value of the dependent variable = 1.806

Standard deviation of the dependent variable = 2.103

Average random disturbances = −0.096

Standard deviation of random disturbances = 1.009

Log-likelihood = −76.887

Akaike Information Criterion (AIC) = 175.775

Schwarz Bayesian Information Criterion (BIC) = 197.025

Hannan–Quinn Information Criterion (HQC) = 183.895

Dependent variable ΔC/C – percentage change in private consumption (final consumption expenditure of 
households at constant 2015 prices); AR(3) – autoregressive parameter of the consumption equation rep-
resenting relative change in consumption with three semiannual lags (1.5 years); MA(2) and MA(3) – two 
parameters of the moving average representing the estimated random term of the ΔC/C equation with two 
and three semiannual lags (1 year and 1.5 years), respectively; Z_... – binary variables used to explain out-
liers in the time series and increase the fit of the model.

a ARMAX model with all the coefficients at lag 1 restricted to 0 and the coefficient at lag 2 (AR) restricted to 0.

The above ΔC/C models previously 
passed the verification step according to 
Box and Jenkins’s approach. All the esti-
mated parameters were found to be statis-
tically different from zero, and the models 
exhibited the lowest AIC values in their 

classes (178.3 and 175.8, respectively). 
In addition, a  lack of autocorrelation of 
the error terms was found (Maddala and 
Lahiri 2009; Maddala 2013; Kufel 2013) 
based on the Lagrange multiplier (LM), 
which is used for checking autoregressive 
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order correctness in ARMA models. In 
all analyzed cases with lags of 4–10, the 
value of the LM test statistic with a chi-
squared distribution was smaller than 
the critical value, and so the null hypoth-
esis was not rejected (the residual process 
had the nature of white noise).

Residuals from the studied models of 
consumption were recorded separately as 
eΔC/C and used as an explanatory vari-
able in the M/F and M/(M+F) models, for 
Poland and for Łódzkie Province, respec-
tively.

Steps 3–6: Construction and choice of 
the final equations, and analysis of resid-
uals from the M/F and M/(M+F) models. 

Parameters of the M/F and the M/
(M+F) models for Poland and for Łódzkie 
Province were identified (pursuant to Box 
and Jenkins’s approach) on the basis of 
ACF, PACF, the Ljung–Box autocorrelation 
test, and plot (correlogram) analysis. The 
authors reviewed multiple models with dif-
ferent combinations of AR and/or MA lags. 
The results of parameter estimation for 
the SSR models for Poland (Eq. 3) and for 
Łódzkie Province (Eq. 4) are presented be-
low in their final version. All the estimated 
parameters were found to be statistically 
different from zero, and the models exhib-
ited the lowest AIC values in their classes 
(−379.9 and −280.5, respectively).

Eq. 3. ARMAX(3,2) estimation with restrictiona for 47 observations (1997.S2–2020.S2), dependent variable 
– M/F (Poland)

Variable Coefficient Standard error t-Statistic p-Value
Const 1.059 0.002 701.900 <0.0001
AR(2) 0.342 0.147 2.326 0.0200
AR(3) 0.436 0.125 3.485 0.0005
MA(1) −1.066 0.150 −7.099 <0.0001
MA(2) 1.000 0.088 11.400 <0.0001
eΔC/C(4)b <0.001 <0.001 2.255 0.0242
Z_ 2010.S1 0.041 0.002 19.150 <0.0001
Z_ 2011.S1 0.018 0.002 11.220 <0.0001
Z_ 2005.S1 −0.012 0.001 −11.330 <0.0001
Z_ 1999.S2 −0.009 0.001 −6.307 <0.0001
Z_ 2016.S2 −0.007 0.002 −3.290 0.0010
Z_ 2018.S1 0.009 0.002 3.895 <0.0001
Mean value of the dependent variable = 1.060
Standard deviation of the dependent variable = 0.006
Average random disturbances < −0,001
Standard deviation of random disturbances = 0.003
Log-likelihood = 202.892
Akaike Information Criterion (AIC) = −379.784
Schwarz Bayesian Information Criterion (BIC) = −355.732
Hannan–Quinn Information Criterion (HQC) = −370.733

Dependent variable M/F – secondary sex ratio (SSR); AR(2), AR(3) – two autoregressive parameters of the 
M/F equation with two and three semiannual lags (1 year and 1.5 years), respectively; MA(1), MA(2) – two 
parameters of the moving average representing the estimated random term of the M/F equation with one 
and two semiannual lags (0.5 year and 1 year), respectively; eΔC/C(4) – residuals from the consumption 
model with four semiannual lags (2 years); Z_... – binary variables used to explain outliers in the time series 
and increase the fit of the model.
a ARMAX model with the coefficient at lag 1 (AR) restricted to 0.
b The exact value of the coefficient of eΔC/C(4) was 0.000519 with a standard error of 0.000230.
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Eq. 4. ARMAX(2,2)a estimation for 49 observations (1996.S2–2020.S2), dependent variable – M/F (Łódzkie 
Province)

Variable Coefficient Standard error t-Statistic p-Value

Const 1.061 0.002 462.500 <0.0001

AR(1) 0.357 0.118 3.025 0.0025

AR(2) −0.820 0.108 −7.597 <0.0001

MA(1) 0.285 0.116 2.461 0.0139

MA(2) 1.000 0.094 10.590 <0.0001

eΔC/C(2) b 0.009 0.002 5.316 <0.0001

Z_ 2010.S2 −0.048 0.008 −5.991 <0.0001

Z_ 2005.S1 0.031 0.009 3.546 0.0004

Z_ 2008.S2 −0.037 0.008 −4.853 <0.0001

Z_ 2002.S2 −0.019 0.008 −2.360 0.0183

Z_ 2006.S2 0.027 0.008 3.314 0.0009

Mean value of the dependent variable = 1.059

Standard deviation of the dependent variable = 0.017

Average random disturbances < 0.001

Standard deviation of random disturbances = 0.010

Log-likelihood = 152.237

Akaike Information Criterion (AIC) = −280.474

Schwarz Bayesian Information Criterion (BIC) = −257.773

Hannan–Quinn Information Criterion (HQC) = −271.861

Dependent variable M/F – secondary sex ratio (SSR); AR(1), AR(2) – two autoregressive parameters of the 
M/F equation with one and two semiannual lags (0.5 year and 1 year), respectively; MA(1), MA(2) – two 
parameters of the moving average representing the estimated random term of the M/F equation with one 
and two semiannual lags (0.5 year and 1 year), respectively; eΔC/C(2) – residuals from the consumption 
model with two semiannual lags (1 year); Z_... – binary variables used to explain outliers in the time series 
and increase the fit of the model.
a ARMAX model with no restrictions.

b The exact value of the coefficient of eΔC/C(2) was 0.008914 with a standard error of 0.001677.

In the SSR models (Eq. 3–4), a  lack 
of autocorrelation of the error terms was 
found (Maddala and Lahiri 2009; Mad-
dala 2013; Kufel 2013) based on a  test 
involving the Lagrange multiplier (LM), 
which is used for checking autoregres-
sive order correctness in ARMA mod-
els. In all the analyzed cases with lags 
of 5–10 the value of the LM test statis-
tic with a  chi-squared distribution was 

smaller than the critical value, and so 
the null hypothesis was not rejected (the 
residual process had the nature of white 
noise). Moreover, the Doornik–Hansen 
(DH) test was used to verify that the 
residuals had a normal distribution. In 
the M/F model, the following results 
were obtained for Poland:  (p=0.1676), 
and for Łódzkie Province:  (p=0.8631). 
In both cases, at the alpha level of 0.05 
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there was no reason to reject the null 
hypothesis that the empirical distribu-
tion of residuals was normal (Doornik 
and Hansen 2008).

The results of parameter estimation 
for SRB models, that is, the M/(M+F) 
model for Poland in the ARMAX(3,2) 
version with restriction and for Łódzk-
ie Province in the ARMAX(2,2) version, 

given in Eq. 5 and Eq. 6, also passed 
verification. LM tests confirmed autore-
gression order correctness in the ARMA 
models (the residual process had the na-
ture of white noise). The residual distri-
bution was normal (DH test). The fol-
lowing results were obtained for the M/
(M+F) models:  (p=0.1631) for Poland 
and  (p=0.8734) for Łódzkie Province.

Eq. 5. ARMAX(3,2) estimation with restrictiona for 47 observations (1997.S2–2020.S2), dependent variable 
– M/(M+F) (Poland)

Variable Coefficient Standard error t-Statistic p-Value

Const 0.514 <0.001 1463.000 <0.0001

AR(2) 0.340 0.148 2.289 0.0221

AR(3) 0.434 0.126 3.456 0.0005

MA(1) −1.064 0.152 −6.987 <0.0001

MA(2) 1.000 0.088 11.360 <0.0001

eΔC/C(4)b <0.001 <0.001 2.297 0.0216

Z_ 2010.S1 0.010 0.001 18.420 <0.0001

Z_ 2011.S1 0.004 <0.001 10.860 <0.0001

Z_ 2005.S1 −0.003 <0.001 −11.270 <0.0001

Z_ 1999.S2 −0.002 <0.001 −6.253 <0.0001

Z_ 2016.S2 −0.002 <0.001 −3.288 0.0010

Z_ 2018.S1 0.002 0.001 3.856 0.0001

Mean value of the dependent variable = 0.514

Standard deviation of the dependent variable = 0.002

Average random disturbances < −0,001

Standard deviation of random disturbances = 0.001

Log-likelihood = 270.777

Akaike information Criterion (AIC) = −515.554

Schwarz Bayesian Criterion (BIC) = −491.502

Hannan–Quinn information Criterion (HQC) = −506.503

Dependent variable M/(M+F) – sex ratio at birth (SRB); AR(2), AR(3) – two autoregressive parameters of 
the M/(M+F) equation with two and three semiannual lags (1 year and 1.5 years), respectively; MA(1), 
MA(2) – two parameters of the moving average representing the estimated random term of the M/(M+F) 
equation with one and two semiannual lags (0.5 year and 1 year), respectively; eΔC/C(4) – residuals from 
the consumption model with four semiannual lags (2 years); Z_... – binary variables used to explain outliers 
in the time series and increase the fit of the model.
a ARMAX model with the coefficient at lag 1 (AR) restricted to 0.
b The exact value of the coefficient of eΔC/C(4) was 0.000126 with a standard error of 0.000055.
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Eq. 6. ARMAX(2,2)a estimation for 49 observations (1996.S2–2020.S2), dependent variable – M/(M+F) 
(Łódzkie Province)

 Variable Coefficient Standard error t-Statistic p-Value
Const 0.515 0.001 952.600 <0.0001
AR(1) 0.358 0.117 3.046 0.0023
AR(2) −0.823 0.107 −7.708 <0.0001
MA(1) 0.282 0.116 2.435 0.0149
MA(2) 1.000 0.095 10.560 <0.0001

eΔC/C(2) b 0.002 <0.001 5.268 <0.0001
Z_ 2010.S2 −0.011 0.002 −6.080 <0.0001
Z_ 2005.S1 0.007 0.002 3.501 0.0005
Z_ 2008.S2 −0.009 0.002 −4.857 <0.0001
Z_ 2002.S2 −0.004 0.002 −2.324 0.0201
Z_ 2006.S2 0.006 0.002 3.295 0.0010

Mean value of the dependent variable = 0.514
Standard deviation of the dependent variable = 0.004
Average random disturbances < 0.001
Standard deviation of random disturbances = 0.002
Log-likelihood = 222.944
Akaike Information Criterion (AIC) = −421.887
Schwarz Bayesian information Criterion (BIC) = −399.185
Hannan–Quinn information Criterion (HQC) = −413.274

Dependent variable M/(M+F) – sex ratio at birth (SRB); AR(1), AR(2) – two autoregressive parameters of 
the M/(M+F) equation with one and two semiannual lags (0.5 year and 1 year), respectively; MA(1), MA(2) 
– two parameters of the moving average representing the estimated random term of the M/(M+F) equation 
with one and two semiannual lags (0.5 year and 1 year), respectively; eΔC/C(2) – residuals from the con-
sumption model with two semiannual lags (1 year); Z_... – binary variables used to explain outliers in the 
time series and increase the fit of the model.
a ARMAX model.
b The exact value of the coefficient of eΔC/C(2) was 0.002097 with a standard error of 0.000398.

Step 7: Decision making (TWH). 
The obtained results led to the “cor-

rect” verification of the TWH based on 
the SSR. In the M/F model for Poland 
(Eq. 3), the coefficient of eΔC/C(4) – the 
lagged explanatory variable described as 
“residuals from the consumption model” 
– was positive: 0.000519 with a standard 
error of 0.000230. In the M/F model for 
Łódzkie Province (Eq. 4), the coefficient 
of eΔC/C(2) was also positive: 0.008914 
with a standard error of 0.001677.

The evaluation of coefficients and 
standard errors of eΔC/C variables indi-
cated that both models were stable. For 

Poland, the value of the eΔC/C(4) pa-
rameter was more than two times greater 
than its standard error (in other words, 
the standard deviation of the estimated 
parameter amounted to 44% of its val-
ue), while the corresponding parameter 
eΔC/C(2) for Łódzkie Province was more 
than five times greater (19% of the value, 
respectively). This implies that hypothe-
sis H0 should be rejected in favor of the al-
ternative hypothesis H1 that the economic 
factor had an effect on the SSR both in Po-
land as a whole and in Łódzkie Province.

In turn, the positive values of the es-
timated parameters revealed appropriate 
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one-way relationships, thus corroborat-
ing the hypothesis about the direction of 
changes, that is, a decrease in the M/F ratio 
as a result of an increase in female births 
and/or a decrease in male births. For Po-
land, a decrement in M/F in period t was 
caused by a decline in private consumption 
in period t–4 (with a lag of two years), while 
the lag for Łódzkie Province was 1  year 
(a decrement in M/F in period t was caused 
by a decline in private consumption in t–2).

The above results (including lag or-
ders) were also confirmed for the SRB 
(Eq. 5 and Eq. 6).

Step 8: Additional analyses. 
An additional analysis, combining 

results for the models ΔC/C and M/F or 
M/(M+F), involved the conversion of the 
final equations for SSR or SRB into new 
equations (models) in which the depen-
dent variable was the number of males 
born (M) and the independent variables 
included the number of females born (F). 
These converted models (Eq. 7–8) do not 
include constant terms as the constant 
terms present in the M/F models (Eq. 
3–4) became parameters estimated for 
the variable F.

Eq. 7. ARMAX(3,2) estimation with restrictiona for 47 observations (1997.S1–2020.S2), dependent variable 
– M (Poland)

Variable Coefficient Standard error t-Statistic p-Value

AR(2) 0.297 0.156 1.906 0.0566

AR(3) 0.440 0.127 3.469 0.0005

MA(1) −0.998 0.166 −6.024 <0.0001

MA(2) 1.000 0.086 11.650 <0.0001

eΔC/C(4) 42.334 21.959 1.928 0.0539

F 1.059 0.001 752.200 <0.0001

Z_ 2010.S1 3988.210 209.369 19.050 <0.0001

Z_ 2011.S1 1612.480 194.010 8.311 <0.0001

Z_ 2005.S1 −1100.100 105.296 −10.450 <0.0001

Z_ 1999.S2 −897.709 145.425 −6.173 <0.0001

Z_ 2016.S2 −598.946 212.751 −2.815 0.0049

Z_ 2018.S1 840.882 228.012 3.688 0.0002

Mean value of the dependent variable = 97961.890

Standard deviation of the dependent variable = 5234.665

Average random disturbances = −23.788

Standard deviation of random disturbances = 276.285

Log-likelihood = −335.649

Akaike Information Criterion (AIC) = 697.298

Schwarz Bayesian Information Criterion (BIC) = 721.350

Hannan–Quinn information Criterion (HQC) = 706.349

Dependent variable M – number of male live births; AR(2), AR(3) – two autoregressive parameters of the 
M equation with two and three semiannual lags (1 year and 1.5 years), respectively; MA(1), MA(2) – two 
parameters of the moving average representing the estimated random term of the M equation with one 
and two semiannual lags, respectively (0.5 year and 1 year); eΔC/C(4) – residuals from the consumption 
model with four semiannual lags(2 years); F – number of female live births; Z_... – binary variables used 
to explain outliers in the time series and increase the fit of the model.
a ARMAX model with the coefficient at lag 1 (AR) restricted to 0.
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Eq. 8. ARMAX(2,2)a estimation for 49 observations (1996.S2–2020.S2), dependent variable – M (Łódzkie 
Province)

Variable Coefficient Standard error t-Statistics p-value

AR(1) 0.357 0.114 3.132 0.0017
AR(2) −0.840 0.098 −8.540 <0.0001
MA(1) 0.263 0.105 2.494 0.0126
MA(2) 1.000 0.095 10.510 <0.0001

eΔC/C(2) 50.480 9.588 5.265 <0.0001
F 1.061 0.002 480.000 <0.0001

Z_ 2010.S2 −302.506 43.312 −6.984 <0.0001
Z_ 2005.S1 168.364 48.592 3.465 0.0005
Z_ 2008.S2 −230.279 43.357 −5.311 <0.0001
Z_ 2002.S2 −97.346 46.246 −2.105 0.0353
Z_ 2006.S2 151.097 46.167 3.273 0.0011

Mean value of the dependent variable = 6022.306
Standard deviation of the dependent variable = 384.618
Average random disturbances = 0.998
Standard deviation of random disturbances = 56.487
Log-likelihood = −270.718
Akaike Information Criterion (AIC) = 565.437
Schwarz Bayesian Information Criterion (BIC) = 588.138
Hannan–Quinn Information Criterion (HQC) = 574.050

Dependent variable M – number of male live births; AR(1), AR(2) – two autoregressive parameters of the 
M equation with one and two semiannual lags (0.5 year and 1 year), respectively; MA(1), MA(2) – two pa-
rameters of the moving average representing the estimated random term of the M equation, with one and 
two semiannual (0.5 year and 1 year) lags, respectively; eΔC/C(2) – residuals from the consumption model 
with two semiannual lags (1 year); F – number of female live births; Z_... – binary variables used to explain 
outliers in the time series and increase the fit of the model.
a ARMAX model with no restrictions.

Analysis of results for Poland indi-
cates that with each 1% increment in pri-
vate consumption over its expected value 
(mean=1.898, Eq. 1), the number of male 
births increased at the expense of female 
births on average by 42–43 (eΔC/C(4), 
Eq.  7). Conversely, with each 1% decre-
ment in private consumption below its ex-
pected value the number of male births de-
creased in favor of female births on average 
by 42–43. Surplus consumption from peri-
ods in which consumption increases were 
higher than expected (i.e., greater than the 
mean) in 1995.S2–2020.S2 adds up to 
30.7 percentage points. By multiplying this 

figure by 42–43 male births, one can esti-
mate that the number of “addi tional” male 
births attributable to an “improvement of 
economic conditions” (as a result of great-
er-than-expected consumption) was 1290 
to 1320 in Poland over the study period 
with a lag of 2 years.

In turn, analysis for Łódzkie Province 
indicates that with each 1% increment 
in private consumption over its expected 
value (mean=1.806, Eq. 2) the number of 
male births increased at the expense of fe-
male births on average by 50–51 (eΔC/C(2), 
Eq. 8). Conversely, with each 1% decrement 
in private consumption below its expected 
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value the number of male births decreased 
in favor of female births on average by 
50–51. Surplus consumption from peri-
ods in which consumption increases were 
higher than expected in 1995.S2–2020.S2 
adds up to a total surplus of 31.8 percent-
age points. This translates into 1592–1624 
“additional” male births over the study pe-
riod due to improved economic conditions 
with a 1 year lag.

Discussion

The first study, which tested the Tri-
vers–Willard hypothesis among a large 
contemporary Polish sample using first 
birth interval and extent of breastfeed-
ing as measures of parental investment, 
and economic status and level of parental 
education as measures of parental con-
dition, provided evidence of greater in-
vestment in female offspring at the lower 
extremes of income, and greater invest-
ment in males at higher levels of income 
(Koziel and Ulijaszek 2001).

In the present paper, the statisti-
cal method proposed by Catalano and 
Bruckner (2005) was expanded and 
re-applied to verify the economic stress 
hypothesis in Poland as a whole and in 
one of its regions (Łódzkie Province) for 
the years 1995–2020. Repeated research 
after an interval of more than 10 years, 
using new, longer, and modified time 
series (semiannual data) as well as em-
ploying additional analyses to expand the 
study concept has resulted in an impor-
tant contribution to the discussion about 
TWH verification.

In the authors’ view, appropriate prepa-
ration of data for analysis (economic data 
in constant prices) is of the essence, and 
making sure that all the assumptions of 
applicability of time series analysis mod-
els (process stationarity, correct evaluation 

of lags) are met. The basic characteristics 
of a stationary process are determined on 
the basis of its mean, variation, and auto-
covariance (overall and partial autocorre-
lation). It is necessary to verify hypotheses 
about the trend line slope coefficient (that 
the mean value is constant over time), 
as well as hypotheses about series non-
stationarity arising from the trend, “long 
memory” effect (nonstationary variance), 
and the autocorrelation of the error terms 
(Maddala and Lahiri 2009; Kufel 2013; 
Maddala 2013).

In the present study (see: Step 1) anal-
ysis of individual time series [ΔC/C, M/F, 
and M/(M+F)] gave no reason to reject H0 
that the trend line slope coefficient was 
equal to zero (Table 1). The coefficient 
values confirm that the mean value of the 
process was constant over time for data 
both for Poland and for Łódzkie Province. 
In a further step, the variance of the series 
was analyzed for nonstationarity, which 
would be unfavorable (heteroscedastici-
ty). The nonstationarity of variance was 
evaluated with the ADF test with the null 
hypothesis being that the process was in-
tegrated of order I(1) versus an alternative 
hypothesis that the process was not in-
tegrated I(0). The value of the parameter 
a  obtained in the ADF test with a  con-
stant term for each of the series was sta-
tistically different from zero i.e. negative 
(p<0.0001), which indicates that the pro-
cess was not integrated. In other words, 
each time the null hypothesis (H0) that 
the process was integrated of order one 
(d=1) was rejected in favor of the alterna-
tive hypothesis (H1) that it was integrated 
of order zero (d=0). The analyzed series 
did not require differentiation.

The above results were then verified in 
confirmatory analysis, applying the Kwiat-
kowski–Phillips–Schmidt–Shin (KPSS) 
test, where the null hypothesis assumes 

https://www.wiley.com/en-us/search?pq=|relevance|author%3AKajal+Lahiri
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process stationarity and the alternative hy-
pothesis – non-stationarity. The p-values 
obtained for each of the series were greater 
than 0.08, at the alpha level of 0.05 there 
was no reason to reject H0. Furthermore, 
in recent years it has been noted that 
some processes could be fractionally in-
tegrated (0.5<d<1.0), and so the authors 
also verified such a hypothesis by means 
of the Geweke, Porter-Hudak (GPH) test 
(Kufel 2013). The high p-values obtained 
from that test (p>0.4) indicate that the 
estimated fractional values of the d pa-
rameter for the studied time series were 
not statistically different from zero. These 
results in fact indicate integration of order 
zero, corroborating the findings from the 
ADF test. Consequently, no “long memo-
ry” effects were present.

In the study (see: Steps 3–6) models 
with all parameters statistically different 
from zero were developed for two types of 
the human sex ratio (the SSR and SRB) 
for Poland and for one of its regions – 
Łódzkie Province. Comparative analysis 
of the obtained results led to new, inter-
esting conclusions relevant for this kind 
of research, both in terms of statistics 
(model construction) and interpretation 
of results. In the authors’ view, the “dual 
solution” assumption (the same models 
used for the SSR and SRB) appears to be 
highly meaningful from both theoretical 
and practical standpoints. First, it should 
be noted that SSR and SRB series offer 
different ways of presenting one concept 
of the human sex ratio – they provide 
similar information and they are de-
signed on the basis of the same time se-
ries for male and female births. Second, 
time series analysis is multi-faceted and 
employs advanced statistical methods. 
In addition, stationary ARMA process-
es are reversible, which means that the 
moving average equation can be written 

in an autoregressive form (of an infinite 
order). Due to these considerations, it is 
very difficult, complicated, and time con-
suming to identify the right model and 
arrive at one acceptable final solution. 
This points to yet another problem – the 
authors believe that such a complicated 
model (ARMAX) cannot be identified us-
ing an automatic lag selection method; 
rather, this requires knowledge and ex-
perience. Therefore, the additional “dual 
solution” assumption adopted in this 
work may be treated as a stop criterion in 
choosing the optimal solution. The dual 
results obtained in this way de facto con-
firm the stability of the solution, i.e., of 
changes in the sex ratio relative to private 
consumption. Given the above, the dis-
pute about the superiority of one human 
sex ratio over the other (the SSR vs. SRB) 
becomes futile, as here both of them are 
equally important.

In the case of the discussed M/F and 
M/(M+F) models, the other lags for the 
“residual from the consumption model” 
variable (see: Step 8) was also checked 
bearing in mind that different lags for  
Poland and for Łódzkie Province were 
used in the final models (eΔC/C(4) and 
eΔC/C(2), respectively). It should be 
noted that the model for Poland with 
a  1  year lag (the same as for Łódzkie 
Province) exhibited a differ from zero but 
negative coefficient of eΔC/C(2). In turn, 
in the case of Łódzkie Province the M/F 
and M/(M+F) models with all parame-
ters statistically different from zero were 
also identified for the simultaneous use 
of eΔC/C(1) and eΔC/C(2) lags as well as 
eΔC/C(0), eΔC/C(1), and eΔC/C(2) lags. 
However, while in those models the co-
efficient of eΔC/C(2) remained positive, 
the coefficients of the other lagged vari-
ables, that is, eΔC/C(0) and/or eΔC/C(1), 
were negative. In the authors’ view, while 
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such results should be deemed incorrect 
they lend support to the correctness and 
stability of the previously identified final 
models (Eq. 3–4, Eq. 5–6).

In determining the number of “addi-
tional” male births attributable to im-
proved economic conditions, one should 
pay particular attention to the reference 
point of analysis, that is, the expected val-
ues of private consumption. If the ΔC/C 
model does not contain autoregressive pa-
rameters, then the expected value of the 
constant term will be equal to the mean 
value of the time series (const=mean). 
On the other hand, if the series does con-
tain autoregressive parameters, then the 
constant term will not correspond to the 
mean value of the series (const≠mean). 
Then, as in the presented case, the ex-
pected value should be identified in the 
additional characteristics of the model. If 
the time series was previously differenti-
ated, the situation becomes much more 
complicated; then the constant term of 
the model may correspond to either the 
mean or the constant term of the differ-
entiated time series.

The current results based on semian-
nual data from 1995–2020 are consistent 
with the previously obtained SSR results 
based on quarterly data from the years 
1995–2007 for Łódzkie Province (Żądziń-
ska et al. 2011). In the present work the 
occurrence of economic stress was fol-
lowed by a decline in the SSR (and also in 
the SRB) at a 1 year interval. Relationships 
between M/F or M/(M+F) and percent-
age change in private consumption were 
also examined on the basis of semiannu-
al data for Poland. In this study, analysis 
of a  completely new dataset, which was 
nevertheless defined in the same way as 
in the prior study, confirmed the pres-
ence of a one-way relationship consistent 
with the TWH between M/F or M/(M+F) 

and ΔC/C. However, the lag for the whole 
country was as much as 2 years.

The question thus arises as to the 
difference in SSR and also SRB reaction 
time to changes in private consump-
tion between Łódzkie Province (shorter 
lag) and the whole country (longer lag). 
A detailed analysis of the time series for 
Poland revealed that within the time of 
study, 27 semiannual periods exhibit-
ed decreases in consumption below the 
mean value (max 8.79 percentage points) 
while 24 semiannual periods revealed 
increases above the average (max 7.17 
percentage points). In comparison, in the 
case of Łódzkie Province: 29 semiannual 
periods exhibited decreases in consump-
tion below the mean value (max 8.88 
percentage points) while 22 semiannual 
periods revealed increases above the av-
erage (max 7.25 percentage points). Of 
course, the tested TWH was supported 
both by periods of “good conditions” and 
“bad conditions.” Periods of reduced con-
sumption favored mothers having daugh-
ters (leading to lower M/F and M/(M+F)), 
while periods of growing consumption 
favored mothers having sons (leading to 
higher M/F and M/(M+F)). However, it 
should be noted that the effects of change 
in private consumption were stronger 
in Łódzkie Province as compared to the 
whole country, and so the population’s 
reaction time (lag) to the presence or 
absence of economic stress was shorter. 
This situation is also attributable to the 
variability of the human sex ratios.

It should be borne in mind that one of 
the goals of time series analysis is to iden-
tify the nature of the phenomenon rep-
resented by the sequence of observations 
contained in the explained variable. As the 
M/F and M/(M+F) time series for Łódzkie 
Province exhibited greater variability than 
those for Poland (Fig. 1), they could be 
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more readily “modeled” taking into con-
sideration the advantages and shortcom-
ings of ARMA models. In statistical terms, 
the regional models for Łódzkie Province 
were found to be better, less complicated, 
and contained a lower number of autore-
gressive lags. A  similar situation is also 
true of other regions in the country (the 
authors have access to SSR and SRB semi-
annual data from the years 2000–2020 
for all 16 Polish provinces). Preliminary 
calculations indicated that fluctuations 
in the sex ratios by province as mea sured 
by the coefficient of variation ranged from 
1.45% and 0.70% in Wielkopolskie Prov-
ince to 4.39% and 2.09% in Opolskie 
Province for M/F and M/(M+F), respec-
tively, while the CV for the whole coun-
try was much lower, at 0.58% and 0.28%, 
respectively. According to the authors, the 
greater variation of the ratios in individual 
regions translates into shorter lags (faster 
reaction times) in regional models, ceteris 
paribus. Consequently, it seems that the 
strength (value) of the reaction and differ-
ences in reaction time of human sex ratios 
to economic stress may also be considered 
in the context of the biological resistance 
of a given population to stress (depending 
both on the homeorhetic mechanisms and 
economic conditions).

Also greater data resolution improves 
the effectiveness of analysis and increas-
es the likelihood of a “positive” verifica-
tion of the economic stress hypothesis. In 
their previous study using annual data for 
Poland (Żądzińska et al. 2007), the pre-
sent authors were unable to confirm that 
hypothesis. In addition, the time series 
required differentiation (to ensure sta-
tionarity), which made it more difficult 
to interpret the results. In turn, models 
using semiannual and quarterly data ex-
hibit greater accuracy and have been suc-
cessfully employed in verifying the effects 

of change in private consumption on the 
SSR and SRB in line with the TWH for 
the population of Łódzkie Province as well 
as for the Polish population as a whole.

For obvious reasons, the above con-
siderations cannot explain the immediate 
causes of the 2 year lag in SSR and SRB 
increments following increases in private 
consumption above the expected levels 
for Poland; those causes should be sought 
outside the discussed models. In this 
context it should be noted that there ex-
ist substantial differences between Polish 
regions in terms of both changes in the 
sex ratios (Szukalski 2010; 2021a) and in 
living conditions (Domański 2020). Ac-
cording to the literature, these variables 
could be affected by the general decline in 
the birth rate, local depopulation includ-
ing the migration of young women in pur-
suit of better living conditions (Szukalski 
2020), as well as the study period, includ-
ing the outbreak of the COVID-19 pan-
demic characterized by a  major contrac-
tion of private consumption.

The demographic consequences of 
the COVID-19 epidemic include a sharp 
year-on-year decline in the birth rate in 
Poland in 2020 (from 375.0 thousand 
to 355.3 thousand) as well as a drop in 
the total fertility rate (TFR) (Szukalski 
2021b). While the TFR decreased from 
1.419 to 1.378 children, according to 
Szukalski (2021b) almost half of that 
change is attributable to structural fac-
tors, that is, a reduction in the birth rate 
which occurred two to three decades pre-
viously and which has led to a  smaller 
number of women at the peak of repro-
ductive age nowadays.

The decreased tendency to have chil-
dren during the COVID-19 pandemic 
should be treated as population adjust-
ment to new conditions at a time of a so-
cial crisis. In the case of procreation, this 
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may take two forms – delayed childbear-
ing or the decision to remain childless, 
for instance due to increased job insecu-
rity and reduced availability of healthcare 
services (Szukalski 2021b). In a study of 
the Norwegian population, it was found 
that pandemic influenza virus infections 
increased the risk of fetal death (Håberg 
et al. 2013). In turn, the latest research 
shows that children born in the first 
year of the current pandemic, even those 
whose mothers did not contract COV-
ID-19, achieved inferior results in so-
cial and motor ability tests as compared 
to children born before the pandemic 
(Shuffrey et al. 2022). According to the 
authors of that study, a potential mecha-
nism behind the observed decrements in 
neurodevelopment was COVID-19–re-
lated stress, with the reported stressors 
being job loss, food insecurity, and loss of 
housing. The pandemic also exacerbated 
symptoms of anxiety and depression.

In summary, the obtained results led 
to the “correct” verification of the TWH: 
economic stress affected the secondary 
sex ratio in Poland in a  period follow-
ing the country’s political and economic 
transformation. However, in the opinion 
of the present authors, it is necessary to 
further verify the economic stress hypoth-
esis for Poland taking into account factors 
such as maternal stress, interpopulation 
differences in terms of SSR (and SRB) re-
action time to stress, and inter-regional 
comparisons (economic differences), as 
well as using longer time series (extending 
after the COVID-19 pandemic).
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