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Short abstract 250 words 

Crises like the COVID-19 pandemic hit populations with new potentially harmful and protective 

exposures that may be distributed unequally in a population. Counterintuitively, even stark social 

inequalities in the distribution of crisis-related exposures may not lead to an observed increase in 

social inequalities in perinatal health. This is because crises-related exposures may change the 

composition of live births through selection in utero and/or selective fertility.  

To analyse how social inequalities in birthweight change during crises, we used individual-level data 

from 5 countries (Brazil, Ecuador, Finland, Spain, United States) and 6 more until June 2026 (Austria, 

Denmark, Netherlands, Scotland, South Australia, Sweden) covering births from 2015 to 2021. Births 

were nested within social strata consisting of the combination of parental socioeconomic 

circumstances, maternal age, maternal partnership status, and first-time/already mother. We used 

Bayesian linear multilevel modelling. 

Results suggest between-country differences in grand mean birthweight of up to 400g among 

unexposed live births. Within-country differences in birthweight between social strata were similarly 

large but their extent varied across countries. Changes in mean birthweights differed by up to 40g 

between strata within countries. In Spain, babies conceived during the pandemic had smaller 

between- and within-strata variation in birthweight compared to unexposed cohorts. we find weak 

evidence for changes in social inequalities in birthweight across countries during the pandemic. 

A lack of changes in social inequalities in birthweight may be explained by the simultaneous effects of 

crisis-related exposures widening inequalities and selection in utero and at conception decreasing 

variation in birthweight between social strata. 

 

 

 

 

  



2 
 

Extended abstract (2-4 pages) 

Topic 

Birthweight is associated with health and socioeconomic outcomes across the life course. Previous 

studies have reported associations between birthweight and infant mortality1 (even above the low-

birthweight threshold of 2500 g2), chronic conditions during childhood and adulthood, and 

associations with lower educational attainment, unemployment, and likelihood of receiving social 

benefits.3 Birthweights at both ends of the distribution – low birthweight (<2500 grams) and 

macrosomia (>4000 grams) – are associated with infant morbidity and mortality and macrosomia being 

additionally associated with birth injuries and maternal morbidity.4 Importantly, birthweight and other 

markers of infant health are associated with social determinants – parental socioeconomic 

circumstances, maternal partnership status, maternal age, and parity5,6 – contributing to the 

intergenerational transmission of social inequalities5. 

In this study, we aimed to contribute to a generalisable understanding of how existing social 

inequalities in birthweight among live births respond to crises by connecting population health theory, 

insights from perinatal epidemiology (in utero selection) and demography (selective fertility). 

Following these theoretical considerations, we studied changes in population-average and group-

specific mean birthweight, and variation in birthweight between and within population groups at the 

intersection of multiple social and demographic determinants of birthweight during the COVID-19 

pandemic. To learn more convincingly about responses of social inequalities in birthweight to crises, 

we conducted a comparative analysis across 5 countries for this abstract (Brazil, Ecuador, Finland, 

Spain, United States) and will extend our study with results from 6 other countries (Austria, Denmark, 

Netherlands, Scotland, South Australia, Sweden) until June 2026. Thus, we study the response to crisis 

across varying syndemic configurations of pandemic experiences and pre-existing social inequalities in 

the social and demographic determinants of birthweight. 

Theoretical focus 

Crises like the COVID-19 pandemic hit populations with an emerging array of potentially harmful or 

protective exposures and collide with pre-existing social inequalities in perinatal health6–8 and its social 

and demographic determinants.9  

Syndemic theory and Fundamental Cause Theory (FCT) help us predict how this collision may affect 

the population-level and social distribution of perinatal health. Fundamental Cause Theory puts 

emphasis on the unequal distribution of flexible resources (money, power, prestige, social connections) 

across social positions used to prevent or mitigate harm and to improve health.10,11 Inequalities in 

flexible resources may lead to unequal distributions of emerging crisis-related harmful and protective 

exposures for perinatal health within the population. During the COVID-19 pandemic, examples for 

crisis-related exposures potentially harmful for birth outcomes were risk of COVID-19 infection and 

severe disease, increased exposure to prenatal stress through crisis-related economic uncertainty, 

social isolation due to lockdown measures, barriers in access to health care services, and crises-related 

increase in harmful behavioural exposures. Examples for potentially protective exposures were 

reduced exposure to non-COVID-19 infections, reduced exposure to air pollution, reduced work-

related travel, and heightened awareness about health behaviour. 

The theory of syndemics states that epidemics co-occur in time and space (e.g., COVID-19 and the 

epidemic of non-communicable diseases) due to large-scale social forces (like social inequalities) and 

that these co-occurring epidemics interact to adversely affect health among disadvantaged population 

groups.12,13 
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Thus, both FCT and syndemic theory arrive at the prediction that crisis-related harmful exposures are 

more likely to affect disadvantaged population groups than advantaged groups and that advantaged 

groups are more likely to benefit from potential protective exposures. Consequently, the crisis-related 

health burden will be unequally shared across population groups at different intersections of social 

disadvantage and exacerbate pre-existing health inequalities. 

Counterintuitively, we may not observe widening social inequalities in perinatal health outcomes 

during periods of crises, even if there are stark social inequalities in the distribution of crisis-related 

harmful and protective exposures within a population. This is because the unequal distribution of 

crisis-related exposures may change the composition of live births through exposure-related selection 

in utero14,15 and/or selective conception16–20 – a consequence of “live birth bias” in perinatal 

epidemiology21,22. Put differently, evidently harmful  (crisis-related)  in utero exposures can seem to 

have no or even protective effects on health outcomes15,21,22 because harmful exposures may cause a 

stronger selection for “healthy” foetuses in utero14,23–25 with male foetuses more potentially 

affected23,25–27.  Further, the magnitude of such live birth bias can be larger for disadvantaged 

population groups that share a higher burden of the harmful (crises-related) exposures and the 

adverse outcome.28 Therefore, stronger selection for healthy foetuses in utero, if uniform across the 

population or concentrated among disadvantaged population groups with more vulnerable foetuses, 

will lead to higher population-average birthweight and smaller variation in birthweight between 

disadvantaged and advantaged population groups. 

Similarly, for cohorts conceived during the pandemic, compositional change towards parents in 

advantaged social circumstances due to selective conception – as observed for European countries 

and the United States16 – may lead to higher population-average birthweight and smaller variation in 

birthweight. Conversely, where crises select for parents in more disadvantaged positions16,29,30, 

population-average birthweight may decrease and its variation increase. 

Previous literature on the effect of in utero exposure to stressful environments and crises14,23–25,27,31 

and literature on changes in parental socioeconomic and demographic compositions of birth 

cohorts16,18,29,30,32–34 suggest that both selection in utero and selective conception occurs in response 

to crises, and recently during the COVID-19 pandemic. It follows that social inequalities in the 

distribution of harmful and protective crisis-related pre-conception and prenatal exposures can lead 

to several plausible contradicting impact scenarios35,36 concerning combinations of effects on 

population-average birthweight and variation in birthweight. How social inequalities in birthweight 

respond to crises is thus an empirical question. Given the potentially counteracting forces on social 

inequalities in birthweight through an unequal distribution of emerging crisis-related exposures – a 

widening due to the direct effects harmful and protective effects and a narrowing due to a positive 

selection for foetuses and/or parents – it may appear that social inequalities in birthweight do not 

change during crises like the pandemic. 

Data 

We used individual-level population-wide birth data from 5 countries (Brazil, Ecuador, Finland, Spain, 

United States) and 6 more until June 2026 (Austria, Denmark, Netherlands, Scotland, South Australia, 

Sweden) covering registered births from 2015 to 2021 for this observational study. Due to 

computational constrains we used a 5% random sample of births in Brazil and a 10% random sample 

for the United States for this abstract. 

Methods 

We follow a conception cohort approach because the pandemic had (country-specific) time-varying 

effects on the number of conceptions16 which will affect the gestational age composition of (monthly 
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or weekly) birth cohorts and thus affect preterm birth rates and birthweight18,19,37. We focus on three 

conception cohorts observed as live births. Unexposed cohorts: births conceived before the pandemic 

and not exposed to the pandemic in-utero (born before March 2020) (C1). Second, births conceived 

before the pandemic but exposed to the pandemic in-utero (born during or after March 2020) (C2). 

Third, the births conceived during the pandemic and exposed to the pandemic in-utero (C3) which was 

previously called “Lockdown Cohort”17. Our included and excluded conception cohorts are presented 

in Figure 1. 

Variables 

Our outcome is birthweight measured in grams. We used parental socioeconomic circumstances, 

maternal age, maternal partnership status, and parity as axes along which crisis-related harmful and 

protective exposures may have been unequally distributed during the pandemic. These variables have 

been associated with birthweight in previous research6,8 and infant health more generally, and are 

widely available and comparable across countries with few missing values. 

Depending on availability, we used equivalised household income, pre-existing measures of (small) 

area-level deprivation of maternal area of residence, and maternal level educational attainment as 

available in population registers or on birth certificates as indicators of parental socioeconomic 

circumstances. When household income or area deprivation measures were available, we assigned 

births to quintiles of equivalised household income / deprivation index. Maternal age was divided into 

5 groups: below 20, 20-24, 25-29, 30-34, and 35 and above. Maternal partnership status was indicated 

by a binary variable. Parity was divided into two groups: no previous live births (“first time mothers”) 

and at least one previous live birth (“already mothers”). Together, these variables lead to 5*5*2*2= 

100 unique social strata. Some of these strata had very few observations as, for example, there are 

few births among women aged below 20 who already had a live birth and / or completed tertiary 

education. Where the strata size was too low, we collapsed these strata to their closest neighbouring 

strata. 

Data analysis 

We estimated four Bayesian linear multilevel models per country with live births nested in social strata. 

The models are specified with two intercepts – one for the unexposed and one for the exposed group 

– with their respective random effects, no common intercept, and adjusted for month of conception 

indicators and a linear term for monthly data of conception to account for seasonality and secular 

trends in birthweight respectively. For Brazil and Ecuador, we additionally adjusted for the effects of 

the ZIKV-epidemic by including a binary variable indicating babies born during the epidemic as done 

previously.16 In the first model, we estimated differences in birthweight between the unexposed (C1) 

and the cohort exposed and conceived before the pandemic among male babies (C2). Then we 

estimated the same model for the unexposed (C1) and cohort exposed and conceived during the 

pandemic (C3). Second, we estimated these two models (per country) again for female babies. From 

the posterior distribution of these models, we obtained the following estimates to study how social 

inequalities in birthweight changed during the pandemic. First, we estimated the differences between 

the conditional grand mean of birthweight of exposed and unexposed conception cohorts and the 

differences in the conditional stratum-specific means. These estimands answer to what extent 

population grand mean birthweight changed during the pandemic and the extent to which these 

changes were unequal across strata. Next, we estimated how the between-stratum variation 

(inequalities) in birthweight changed during the pandemic. Lastly, we estimated differences in the 

within-stratum standard deviation across all strata and within each stratum.  This answers to what 

extent within-strata deviations from stratum-specific (conditional and precision-weighted) means 
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changed during the pandemic and thus if variance changed within population groups. Point estimates 

are the means and 95% credible intervals are the 2.5th and 97.5th percentiles of the posterior 

distribution. Models were estimated using the specialised multilevel modelling software MLwiN38 and 

the R package “brms”39. We conducted a complete case analysis and thus only included births with 

non-missing information on birthweight, gestational age, birth date, sex of the baby, and the strata 

covariates. Missing values were generally below 2% except for maternal education in Spain and marital 

status in the US due to changes in data collection in California from 2017 onwards.  

(Expected) findings 

The results presented are based on about 5 500 000 live births from Brazil, Ecuador, Finland, Spain, 

and the United States. The analysis presented at the EPC conference will be based on about 35 500 

000 live births from Austria, Brazil, Denmark, Ecuador, Finland, Netherlands, Scotland, South Australia, 

Spain, Sweden, and the United States. 

We found between-country differences in grand mean birthweight of more than 400g among both 

unexposed male live births (Brazil: 3241g, Ecuador: 3118g, Finland: 3565g, Spain: 3269g, United States: 

3297g) and female babies (Brazil: 3135g, Ecuador: 2990g, Finland: 3444g, Spain: 3149g, United States: 

3213g). Within-country differences in birthweight between social strata were similarly large but their 

extent varied across countries. Among unexposed male babies, the stratum-specific means were up to 

150g higher/lower than the population grand mean in Finland (min: 3367g; max: 3706g), Spain (min: 

3112g; max: 3387g), and the United States (min: 3080g; max: 3491g). The largest within country 

differences were among unexposed births were among female babies in the United States with about 

400g differences in the means of strata with the lowest mean birthweight compared with means of 

strata with the highest mean birthweights (min: 2974g; max: 3405g). Within-country differences were 

the smallest in Ecuador with strata-specific means ranging from 2844g to 3090g among unexposed 

female babies and from 2988g to 3231g among unexposed male babies. (See Figure 2).  

We find small positive effects (most between +10g and +20g) on grand mean birthweight among 

Ecuador, Finland, and the US for both male and female babies and both exposed cohorts. However, for 

some social strata in the countries with increases in grand mean birthweight, we also find potential 

negative effects on mean birthweight among male babies in Finland and female babies in the US. In 

many cases, differences in mean birthweight showed high heterogeneity across social strata with up 

to 35g difference in the effect within a cohort (Figure 2). An equal distribution of mean differences 

across social strata was the exception in our results so far. Male babies exposed and conceived during 

the pandemic had a lower between-stratum variation than unexposed male babies in Spain and 

exposed male babies conceived before the pandemic had higher between-stratum variation than 

unexposed male babies in Brazil (Figure 4). Results for Spain are not compatible with the theoretical 

prediction that a selection for a more advantaged parental composition led to higher mean 

birthweights (Figure 3) but with the prediction that this selection led to lower inequalities between 

strata (Figure 4). In further analysis, we find that this is due to positive effects on birthweight being 

concentrated among strata with low mean birthweights and negative effects on birthweight being 

concentrated among strata with high mean birthweights. For Brazil, we find increases in the between 

and within-stratum variation among male babies comparing unexposed with cohorts exposed and 

conceived before the pandemic. Here, negative effects were concentrated among strata with low mean 

birthweights and positive effects concentrated among social strata with high birthweights. 

In summary, social inequalities in birthweight varied substantially between countries but there is weak 

cross-country evidence for changes in inequalities in birthweight between social strata during the 

pandemic. The patterns we found are inconsistent across countries. A lack of changes in social 
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inequalities in birthweight may be explained by the simultaneous effects of crisis-related exposures 

widening inequalities and selection in utero and at conception decreasing variation in birthweight. The 

results for further countries that will be included in the paper before the EPC conference may impact 

our preliminary conclusions. 



7 
 

Figures 

 

Figure 1: Included and excluded live births by estimated date of conception with country-specific weekly average 
Stringency Index in the background. Live births conceived from January 2015 to and including 18th week of 2019 
are unexposed to the COVID-19 pandemic. Live births conceived from 19th week of 2019 to 44th week of 2019 and 
from 5th week of 2021 onwards are excluded as they likely bias our analysis. Live births conceived between (and 
including) 45th week of 2019 and 11th week of 2020 are treated as exposed to the pandemic and not affected by 
selective conception (“exposed and unselected”). Live births conceived between 12th week of 2020 and 4th week 
of 2021 are treated as exposed and affected by selective conception (“exposed and selected”) 
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Figure 2: Population grand means of birthweight and stratum-specific mean birthweights for each conception 
cohort, country and for male and female babies separately. Filled black squares and surrounding bars present the 
estimates of the grand mean birthweight and respective 95% credible intervals for the unexposed cohorts. Hollow 
black squares present the point estimates for stratum-specific mean birthweights. Stratum-specific means are 
sorted by rank of stratum-specific birthweight within each cohort. Strata are created by the unique combination 
of parental socioeconomic circumstances (five categories of household income, education or area deprivation), 
maternal age (five categories: <20, 20-24, 25-29, 30-34, 35 and above), maternal partnership status (two 
categories), parity (two categories: first time mother, already mother). Strata with too few observations were 
collapsed with similar categories (see suppl. material). Grand mean and stratum-specific differences in mean 
birthweight were estimated by Bayesian linear multilevel models with births nested within social strata. Models 
were separately estimated by sex of the baby and for the comparison between unexposed and unselected and 
unexposed and selected cohorts. All models were estimated with a fixed intercept for both unexposed and 
exposed cohorts, random intercepts for both fixed intercepts, residual error terms for both fixed intercepts, and 
were adjusted for secular linear trends in birthweight and seasonality in birthweight by month of conception, and 
a variable indicating the ZIKV epidemic in Brazil, and Ecuador. 
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Figure 3: Differences in grand mean birthweight and their 95% credible intervals comparing unexposed with 
babies exposed in utero and conceived before the pandemic (triangles) and unexposed with babies exposed in 
utero and conceived during the pandemic (dots). Smaller hollow triangles and dots around the stratum-average 
difference are stratum-specific point estimates. The vertical position of stratum-specific estimates around the 
stratum-average estimates is based on the rank of stratum-specific differences. Strata are created by the unique 
combination of parental socioeconomic circumstances (five categories of household income, education or area 
deprivation), maternal age (five categories: <20, 20-24, 25-29, 30-34, 35 and above), maternal partnership status 
(two categories), parity (two categories: first time mother, already mother). Strata with too few observations 
were collapsed with similar categories (see suppl. material). Grand mean and stratum-specific differences in 
mean birthweight were estimated by Bayesian linear multilevel models with births nested within social strata. 
Models were separately estimated by sex of the baby and for the comparison between unexposed and unselected 
and unexposed and selected cohorts. All models were estimated with a fixed intercept for both unexposed and 
exposed cohorts, random intercepts for both fixed intercepts, residual error terms for both fixed intercepts, and 
were adjusted for secular linear trends in birthweight and seasonality in birthweight by month of conception, and 
a variable indicating the ZIKV epidemic in Brazil, and Ecuador. 
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Figure 4: Difference in between-stratum and within-stratum standard deviation of birthweight between unexposed cohorts 
and cohorts exposed and conceived before the pandemic (triangles), and between unexposed cohorts and cohorts exposed 
and conceived during the pandemic (circles). Point estimates (symbols) and 95% credible intervals (error bars) were derived 
from estimated by Bayesian linear multilevel models with births nested within social strata. All models were estimated with 
a fixed intercept for both unexposed and exposed cohorts, random intercepts for both fixed intercepts, residual error terms 
for both fixed intercepts, and were adjusted for secular linear trends in birthweight and seasonality in birthweight by month 
of conception. Differences in between-stratum and within-stratum standard deviations were estimated using the posterior 
distributions of the variance components estimates of unexposed and exposed cohorts. Strata are created by the unique 
combination of parental socioeconomic circumstances (five categories of education or area deprivation), maternal age (five 
categories: <20, 20-24, 25-29, 30-34, 35 and above), maternal partnership status (two categories), parity (two categories: 
first time mother, already mother). Strata with too few observations were collapsed with similar categories. 
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