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Abstract 

Background: 

The COVID-19 pandemic's impact on mortality, especially among the elderly, has been 

extensively studied. While COVID-19 rarely causes direct mortality in children and youth, the 

pandemic's indirect effects might harm these age groups. Yet, its influence on stillbirths and 

mortality rates in neonates, infants, children, and youth remains poorly understood. This study 

examines disruptions in such trends across 95 countries in 2020 and 72 in 2021, providing the 

inaugural comprehensive analysis of COVID-19's effect on young mortality and stillbirths. 

Methods: 

We estimate expected mortality levels in a non-pandemic setting and calculate relative mortality 

changes (p-scores) by applying generalized linear models to data from civil registers and vital 

statistics systems (CRSV) and from the Health Management Information System (HMIS). We 

then use these estimates to analyze, for each age group, the distribution of country-specific 

mortality changes and the proportion of countries experiencing mortality deficits, no changes, 

and excess. 

Results: 

For most countries and territories, stillbirths and mortality at ages under 25 did not differ from 

expected levels in 2020 and 2021. However, when focusing on the countries that did show 

changes, more countries experienced mortality deficits than excess. The exception was 

stillbirths in both years and mortality among neonates and those aged 10-24 in 2021, where 

more countries had an excess rather than a deficit. Overall, a quarter of the countries examined 

experienced increases in stillbirths and young adult mortality (20-24).  

Conclusion: 

Despite global disruptions to essential services, stillbirths and youth mortality were as expected 

in most countries, defying expectations. However, this doesn't dismiss hypotheses suggesting 

delayed adverse effects on the youngest that may require more time to be noticeable at the 

population level. Close and long-term monitoring of health and deaths among children and 

youth, particularly in low-income and lower-middle-income countries, is required to fully 

understand the lasting impacts of the COVID-19 pandemic. 

 

Keywords: COVID-19 pandemic; stillbirths; child mortality; youth mortality; excess mortality.  
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Key messages 

● This study aims to assess the global impact of the COVID-19 pandemic on stillbirths and 

child and youth mortality during the years 2020 and 2021. 

● We found that despite the pandemic severity and the related socioeconomic disruptions 

worldwide, most of the 95 countries and territories under analysis experienced no 

changes in stillbirths and under-25 mortality.  

● These findings are important because the impact of the pandemic on the youngest ages 

remains poorly understood; it contributes essential information for conceiving tailored 

interventions that can effectively mitigate the adverse consequences of the pandemic on 

children and youth; and highlight the urgency of strengthen surveillance systems for 

monitoring health and deaths among children and youth, particularly in low-income and 

lower-middle-income countries. 
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Introduction 

In 2020 and 2021, more than 6.5 million COVID-19 deaths were officially reported 

worldwide. It is well established that the risk of death from COVID-19 increases 

exponentially with age (1,2), the pre-existence of comorbidities, and social 

disadvantages (3). It has also been established that official records bias the actual toll of 

the pandemic due to a lack of testing and the misclassification of causes of death (4,5). 

A great deal of research aims to assess the overall mortality outcomes of the pandemic 

(6–9). However, most of these analyses have focused on mortality at old ages, while 

very little is known about the total impact of the pandemic on pregnancy outcomes and 

mortality among the youngest age groups. 

Deaths caused directly by COVID-19 are rare at young ages (10) and are mainly related 

to children with severe pre-existing health problems (11,12). According to official reports 

from countries for which information on direct COVID-19 deaths by age is available, as 

of the end of 2022, only 0.6% (30,092) of the total number of confirmed COVID-19 

deaths were of individuals under age 25 (13). However, children, adolescents, and 

youth may be indirectly affected by the pandemic, as various pandemic-related 

disruptions could have adversely impacted their health and well-being. First, one of the 

earliest consequences of the pandemic was the saturation of healthcare systems in 

most countries, which resulted in numerous disruptions (14–16). Second, with notable 

variations from one country to another, most governments adopted several non-

pharmaceutical strategies, such as lockdowns, to mitigate the spread of infections. In 

several cases, these measures drastically disrupted food supply chains, daycare 

centers and schools, transportation, and many other social institutions and services, 
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leading to the most significant worldwide economic recession in decades (17,18). These 

and other developments might have negatively affected the physical and mental health 

of pregnant women, children, and adolescents during the COVID-19 pandemic. It has 

been hypothesized that the disruption of healthcare systems and decreased access to 

food during the pandemic exacerbated pre-existing undernutrition levels and other 

vulnerabilities (19), particularly in low- and middle-income countries (20). 

Increases in stillbirth rates have been previously detected during the pandemic in 

several populations representing diverse socio-economic contexts (21–24). It is likely 

that these increases were directly or indirectly related to the pandemic. There is 

evidence that pregnant women were at increased risk of experiencing complications 

from COVID-19, which, in turn, increased their risk of adverse perinatal outcomes (25). 

On the other hand, it has been suggested that a deterioration in intrapartum care during 

the pandemic might have led to an increase in stillbirth risks for pregnant women, 

irrespective of whether they had been infected with COVID-19 (21,24).  

Despite the potential risks to the well-being of unborn infants, children, and youth during 

the COVID-19 pandemic, analyses of the total impact of the pandemic on mortality at 

the youngest ages are scarce. This study aims to analyze the changes in stillbirths and 

mortality among people under 25 during the COVID-19 pandemic in 2020 and 2021. 

We estimate these changes by measuring variations in stillbirths and child and youth 

mortality rates relative to the expected levels in a pandemic-free scenario. The 

difference between the observed and expected all-cause mortality is commonly referred 
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to in the literature as excess mortality. As we analyze deficits and excess, we refer to 

the differences between observed and expected levels as changes or disturbances. 

 

Data and Methods  

Data 

Civil registration and vital statistics systems data 

Data consist of annual counts of stillbirths (at 28 weeks or more of gestation) and 

deaths for seven age groups (i.e., neonates [under 28 days of age], infants [under one 

year of age], and the age groups 1-4, 5-9, 10-14, 15-19, and 20-24) between 2015 and 

2021 obtained from civil registration and vital statistics systems (CRVS). For a robust 

estimation of expected stillbirths and mortality levels and their corresponding 

uncertainty, we restricted our analysis to countries with available data for at least three 

years during 2015-2019 and a population aged under 25 of at least 500,000. Moreover, 

we excluded data from Armenia and Azerbaijan because the Second Nagorno-

Karabakh War heavily affected youth mortality in 2020. Given these criteria, we found 

CRVS data for 82 countries in 2020 and 57 in 2021.  

We retrieved data on live births, stillbirths, and mortality from country-specific CRVS, 

supplied by countries to UNICEF in response to a data call, and through several 

databases, including the Human Mortality Database (HMD) (26), the short-term 

mortality fluctuation data series (STMF) (26), DemoData (27), Eurostat (28), the World 

Health Organization Mortality Database (WHO-MDB)(29), and the Short-Term Fertility 

Fluctuations Data Series (STFF) (30). Mortality data are available in death counts; in the 
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cases of Bangladesh, China, India, and South Africa, data were provided either in death 

rates (��) or death probabilities (��).  

In many cases, we found more than one source for several countries and territories. 

The criteria for selecting a source were having the most detailed age grouping 

resolution and the broadest period coverage. When more than one source met these 

criteria, we prioritized the sources according to the following order: HMD, STMF, 

country-specific CRVS, DemoData, Eurostat, and WHO-MDB. 

Annual population estimates by age group between 2015 and 2021 were obtained from 

the HMD (26), for the populations for which this information was available, and from the 

World Population Prospects 2022 (WPP) (31) for the rest. We used data on annual live 

births for 91 countries in 2020 and 68 in 2021 to account for changes in fertility during 

the pandemic.  

Health Management Information System data 

We also analyzed monthly Health Management Information System (HMIS) data from 

15 low- and lower-middle-income countries in sub-Saharan Africa (12) and Southeast 

Asia (3). These data include information on stillbirths (15 countries in 2020 and 2021) 

and deaths of neonates (14 in 2020 and 13 in 2021), and children (9 in 2020 and 8 in 

2021). Table S2 in the supplementary materials presents the number of countries with 

available data by age and income level for 2020 and 2021. Although HMIS data 

comprise administrative public hospital data — typically with lower coverage than civil 

register data — we expected to identify signals of mortality change, since 

underreporting is likely consistent across observed years. Because the available 
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observation period for HMIS data is considerably shorter than for CRVS data (in most 

cases, from January 2018), we used monthly data for a more robust baseline 

estimation.  

Table 1 presents the number of countries and territories included in the primary 

analyses with CRVS and HMIS data on births, stillbirths, and deaths by age group for 

2020 and 2021. Countries were categorized by income level according to the most 

recent World Bank income classification (32). Tables S1-S4 in the supplementary 

materials present detailed information on CRVS and HMIS data availability and sources 

by demographic measure and country.  

Table 1. Summary of the number of countries and territories included in the analysis with 

data on live births, stillbirths, and mortality under 25 by age, income level, and data 

source in 2020 and 2021 

  2020 2021 
Total 
countries/territories 95 72 
Live births 91 68 
Stillbirths (>28w) 68 50 

Age group 

Neonatal (<28d) 74 51 
Infant (<1y) 80 56 
1-4y 78 55 
0-4y 88 60 
5-9y 77 51 
10-14y 77 51 
15-19y 76 50 
20-24y 76 50 

Income level 

Low 10 10 
Lower-middle 17 11 
Upper-middle 26 15 
High 42 36 

Data source 
CRVS 82 57 
HMIS 15 15 
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The world map in Figure 1 presents the geographical distribution of the countries for 

which CRVS or HMIS data are available for 2020 and 2021. The maps in the 

supplementary materials (Figures S1-S4) give additional information on data availability 

by demographic measure, income level, and year.  

 

Figure 1. Countries and territories with available CRVS and HMIS data on stillbirths or 

all-cause mortality at any 5-year age group under 25 for 2020 and 2021. Besides HMIS 

data, Bangladesh also had CRVS data on infant and child mortality in 2020 and India 

on infant mortality in 2020. 

 

Methods 

We define mortality change as the difference between the observed all-cause mortality 

and the expected mortality “in the absence of the pandemic” (also denoted as baseline 

mortality) during 2020 and 2021. The method we used for CRVS data accounts for 

secular changes in mortality, population size, and age structure over time. We obtained 

the baseline mortality by fitting a country- and age-specific generalized linear model to 

annual death counts between 2015 and 2019. The model uses a quasi-Poisson 
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likelihood to account for overdispersion. We used this model to predict the expected 

deaths for 2020 and 2021. The model is defined as 

������	
���,�� 
 � �0�� � �
�� � �������������,�� 
, 
 

where ��	
���,��  and ���������,��  indicate the death counts and population at risk for 

each age group x and country c, in year t. The term �0��  accounts for the intercept and 

�
�� for secular changes in mortality (as an exponential trend) by age and country. We 

estimated 95% upper and lower prediction intervals by bootstrapping, using 2,000 

simulations. Examples of the model fitting are available in the supplementary materials 

(Figures S4-S5). 

We obtained a monthly baseline for countries with HMIS data by fitting a generalized 

additive model to include a cyclic spline component accounting for within-annual 

seasonality. Health Management Information System monthly baseline estimates were 

then aggregated to compute annual relative changes and uncertainty levels. The 

supplementary materials present additional details on the model for monthly baseline 

estimation. We present analyses and findings from CRVS and HMIS data separately 

due to the substantial differences in data characteristics and methods we applied to 

each case.  

After obtaining baseline mortality estimates, we computed the p-score index (33) to 

measure mortality changes in 2020 and 2021. P-scores indicate the relative change in 

observed mortality compared to the baseline, expressed in percentage. The p-score 

index for each country c, age x, and year t is calculated as  
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� � ������,�� � � �����	�,�
�


�	���
��,�
�
� 1� � 100. 

Using the p-score index to measure mortality changes has two main advantages. First, 

it has a straightforward interpretation as the percentage change in mortality relative to 

the expected value in the absence of the pandemic. Second, it allows us to compare 

mortality changes across countries, regardless of differences in mortality levels and 

population sizes.  

We also estimated age-specific overall p-scores as a summary measure of excess 

mortality for all of the populations examined together. Overall p-scores were obtained by 

adding all available death counts and population exposures together in the numerator 

and denominator. Given that it is necessary to have complete data since 2015 to 

compute overall p-scores, we included 95 and 72 countries and territories (without 

restrictions regarding population size) for 2020 and 2021, respectively. 

 

Results 

Figure 2 presents two summary plots of the age-specific p-score estimates for the 82 

countries with CRVS data included in the analysis. Figure 2A plots the distribution of all 

country-specific p-score estimates by age group for 2020 and 2021, indicating whether 

they resulted in deficits, no changes, or excess. Although p-score values vary widely 

across countries and age groups (between -58% and 123%), the p-score interquartile 

ranges (indicated with horizontal black bars) are spread between -28% and 27% in all 

observed age groups. Figures S7 and S8 (see supplementary materials) depict the p-

score estimates for each age group and country with CRVS data. 
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Figure 2B plots the proportion of countries and territories with CRVS data showing 

mortality deficits, non-significant changes, and excess by age group and year. 

According to this plot, across all observed age groups, most countries (68% to 90%, as 

indicated by the purple bars) experienced mortality as expected in 2020 and 2021.  

However, besides the overall pattern of non-significant changes in mortality, as 

presented in Figure 2, it is enlightening to focus on the composition of excess (indicated 

in red) and deficits (in blue) among the countries that did experience changes in 

mortality. Stillbirths were the only group in which, among the countries showing 

changes, more countries experienced an excess rather than a deficit in both years. In 

2020, across all age groups, with the exception of stillbirths, deficit deaths were 

considerably more prevalent than excess among countries experiencing mortality 

changes. The landscape is different in 2021, where, besides stillbirths, excess mortality 

was also more frequent than deficits for ages 10-14, 15-19, and 20-24, again among the 

countries experiencing changes. Remarkably, overall in 2021, one in every four 

countries witnessed increases in stillbirths and one in every four saw an increase in 

deaths at ages 20-24 — though these two observations are not necessarily true for a 

single country simultaneously. Figures S9 and S10 (see supplementary materials) 

present the p-score estimates distribution and proportion by income level. These results 

suggest a similar pattern of stillbirths and mortality changes across the income levels 

under observation: the considerably predominant tendency is toward countries 

experiencing no changes in mortality, with a weak tendency toward mortality deficits in 

2020 and increases in excess for some ages in 2021. Regardless of income level, more 
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countries experienced excess than deficits in stillbirths and deaths at ages 20-24 in 

2021.  

Figure 2. Summary of p-score estimates in 2020 and 2021 by age group among 

countries and territories with CRVS data. Panel (A) depicts the distribution of 

country-specific p-score values by age group. Black dots and horizontal black bars 

indicate the population-weighted median and 25th and 75th percentiles of the p-score 

13 
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distributions. Panel (B) plots the proportion (in percentage) of estimates resulting in 

deficits, non-significant changes, and excess mortality. 

 

Figure 3 presents summary p-score estimates for the 15 countries with HMIS data. The 

pattern of these results is similar to the one observed among countries with CRVS data 

in Figure 2 in at least two aspects. First, in most countries, stillbirths and mortality rates 

were as expected. Second, a greater number exhibited excess rather than deficits in the 

countries where stillbirth changes were observed in both years. 

 

Figure 3. Summary of p-score estimates for 2020 and 2021 for stillbirths and 

neonatal and child mortality among countries and territories with HMIS data. 

Panel (A) depicts the distribution of country-specific p-score values by age group. 

Black dots and horizontal black bars indicate the population-weighted median and 25th 

and 75th percentiles of the p-score distributions. Panel (B) plots the proportion (in 

percentage) of estimates resulting in deficits, non-significant changes, and excess 

mortality. 

 

14 
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Focusing on the analysis of mortality changes in all observed countries and territories 

as one unique population, Figure 4 presents the age-specific overall p-scores for 

countries with complete CRVS data between 2015 and 2020 (left panel) and between 

2015 and 2021 (right panel). The fitting of the overall baselines is presented in Figure 

S11 in the supplementary materials. The age pattern of the overall p-score estimates, 

presented in Figure 4, is consistent with the country-specific estimates in Figure 2. 

Regardless of whether mortality change is computed separately by country or for all 

countries with sufficient data as a whole, our findings consistently suggest that unborn 

children and young adults aged 20-24 are the most vulnerable age groups under 

analysis, showing slight signals of deterioration during the pandemic. 

The percentages of the world population covered in this analysis, indicated in 

parentheses by age group and year, range between 13% and 26% in 2020 and 4% and 

16% in 2021. It is essential to once again underline that the representativeness of the 

population under analysis is directly proportional to the income level. Figure S12 (see 

supplementary materials) presents the overall p-score estimates by income level. 

Whereas 94% of the population in high-income countries is included in these analyses 

for 2020 and 78% for 2021, these proportions decrease steadily in the case of upper-

middle (38% and 20%) and lower-middle (8% and 2%) income countries. As mentioned 

in the data section, we could not include any low-income country in the computation of 

overall p-scores because of a lack of CRVS data.  
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Figure 4. Overall p-scores in 2020 and 2021 by age. Vertical dashed lines indicate 

no change in mortality relative to the expected value (i.e., p-score of 0%). Numbers in 

parentheses indicate the percentage of the total world population considered in the 

analysis within each age group. 

 

Discussion 

We analyzed relative changes in stillbirths and child and youth mortality in 95 countries 

in 2020 and 72 in 2021. Our findings suggest that, despite the severe health crisis and 

socioeconomic disruptions experienced during the COVID-19 pandemic, most countries 

and territories analyzed had the expected stillbirth and mortality levels across all 

observed age groups during both years. Nevertheless, in the case of countries where 

changes are observed, there are noticeable differences between both years. While, in 

2020, mortality reductions were more frequent than increases in all age groups, with the 

exception of stillbirths, in 2021, increases were more prevalent than reductions among 

stillbirths and mortality among those aged 10-24 years. The age pattern of mortality 

 . CC-BY-NC 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 13, 2023. ; https://doi.org/10.1101/2023.09.13.23295484doi: medRxiv preprint 

https://doi.org/10.1101/2023.09.13.23295484
http://creativecommons.org/licenses/by-nc/4.0/


17 

changes and the variations from 2020 to 2021 are highly consistent through the different 

analyses we perform. 

Regarding income levels, we found a similar pattern in the distribution and proportions 

of relative changes in stillbirths and deaths across lower-middle-, upper-middle-, and 

high-income countries (see Figure 3 and Figures S8-S9 in the supplementary 

materials).  

Considering the ample evidence of minimal direct adverse effects caused by the 

COVID-19 disease at young ages, it is highly likely that both estimated excess and 

deficits were indirectly influenced by the pandemic. In other words, mobility restrictions, 

isolation, the closure of schools, other non-pharmaceutical strategies adopted by 

governments, and disruptions in healthcare and food supply systems might have driven 

the observed stillbirths and mortality perturbations described in this study.  

Although the mechanisms modulating the observed disturbances in mortality are 

beyond the scope of this paper, we can hypothesize about them. Our finding regarding 

stillbirth increases in 11% and 26% of the observed countries in 2020 and 2021 could 

be related to pandemic-related anxiety (34), nutritional deficiencies, reduced access to 

or delays in antenatal care, and decreases in preterm births (21–24). However, the 

mechanisms driving excess stillbirths during the pandemic remain quite speculative, as 

several studies have reported conflicting evidence, and further analyses are needed 

(24,35). 

The finding that a higher number of countries experienced excess stillbirths than 

deficits, coupled with a greater prevalence of infant mortality deficits than excess, 

suggests a potential link through harvesting effect mechanisms. Insufficient medical 
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attention and increased anxiety during pregnancy might lead to stillbirth increases (24), 

disproportionately affecting the frailest fetuses in gestation. This selection pressure 

might have resulted in a more robust composition of live births with lower mortality risks 

than in previous years. Nevertheless, although this mechanism seems consistent with 

our findings that indicate that more countries experienced excess than deficits in 

stillbirths and infant mortality in 2020, it can neither explain the predominance of 

mortality deficits we found among children aged 1-9 in both years nor the increase in 

the proportion of countries with excess neonatal deaths in 2021.  

The increases in mortality for adolescents (10-19) in one-tenth of the observed 

countries in 2021 and in one-fourth for young adults (20-24) could be associated with 

pandemic-related psychosocial stressors that disproportionately affected these ages. 

Many children and youth at developmentally sensitive life stages suffered prolonged 

social isolation — in many cases trapped in dysfunctional family settings —, loss of 

social support and safety nets, and increased economic instability, among other 

stressors (36,37). These risks were considerably higher for specific populations, such 

as sexual and gender minorities, and youth suffering from substance abuse and other 

pre-existing psychological disorders (38–40). In addition to these indirect mechanisms 

affecting young ages, it is also plausible that a fraction of the excess mortality we found 

in 2021 for ages 20-24 was directly caused by COVID-19. There is evidence that the 

new SARS-CoV-2 virus variants that emerged in 2021 had increased risks of 

developing severe outcomes at young ages (41,42).  

Sensitivity analyses 
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We performed three robustness checks to evaluate how sensitive our estimates are to 

the inclusion of small population countries and territories and the time resolution of data, 

as well as to test how exceptional our findings are to the pandemic years.  

First, we tested the impact of including countries and territories with relatively small 

youth populations (under 500,000 children and youth under 25). Table S4 (see 

supplementary materials) presents the available information by age group and year for 

this robustness check. Figure S14 compares weighted age-specific p-scores average 

values and ranges for 2020 and 2021, depending on the inclusion or exclusion of 

countries with small populations. According to this analysis, the weighted p-scores 

averages are unaffected, but, as expected, the range of values increases when 

including small populations. Second, we also compared our annual-based estimates to 

those obtained using weekly data, where possible, to test how sensitive our results are 

to differences in time resolution modeling. The results of this comparison, presented in 

Figure S15 in the supplementary materials, suggest that our findings are robust and not 

dependent on the time resolution of data. Finally, we estimated mortality changes for 

the years 2017, 2018, and 2019 in 75 countries, using the preceding five years in each 

case to estimate the baseline mortality. Figures S16-S18 in the supplementary materials 

present mortality change estimates for 2017, 2018, and 2019. These results suggest 

that the perturbations observed in 2020 and 2021 are exceptional to the pandemic 

context and did not result from random fluctuations in mortality that could occur in any 

given year.  

Limitations 
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We acknowledge several limitations. First, due to data availability, our investigation 

suffers from a substantial socio-economic bias towards high- and upper-middle-income 

countries. The efficient and adequate collection and publication of register and vital 

statistics data require considerable human and physical resources. Unfortunately, most 

lower-middle- and low-income countries cannot release rapid mortality updates that are 

sufficiently reliable to analyze nationally representative short-term mortality fluctuations. 

However, our analyses of HMIS data from low- and lower-middle-income countries 

suggest strong similarities to the CRSV data findings in the magnitude and direction of 

relative changes in stillbirths and child mortality: in both sets of data, most countries 

showed no changes in stillbirths or mortality. Among the countries with observed 

variations from expected levels, excess stillbirths were more frequent than deficits, and 

child mortality deficits occurred more frequently than excess. 

A second limitation pertains to data quality, particularly with regard to delays and the 

under-registration of vital events. Registration delays in 2020 and 2021 might have 

biased mortality change estimates downwards. However, we consider that enough time 

has passed to allow for adjustments to the registration of deaths that occurred in 2020, 

where estimates resulted in even larger deficits than those obtained for 2021. Although 

further inclusion of delayed events registration might increase the values in all-cause 

mortality and mortality change estimates, we do not expect those adjustments to alter 

our findings substantially. Regarding the under-registration of vital events, as the p-

score index measures mortality changes in relative terms, constant levels of under-

registration do not lead to bias in our estimates. We have not found evidence 

suggesting that vital statistics coverage was substantially modified during 2020 or 2021, 
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although this is possible for several low- and middle-income countries. Despite the 

possibility of delayed registrations, we do not expect that our findings result from data 

artifacts because high- and upper-middle-income countries — with high-quality data — 

are over-represented in our analysis. 

Identifying the mechanisms that modulated the observed changes in mortality requires 

different data and methods from the ones used in this study. For instance, further 

analyses on changes in the composition of mortality by cause of death would be 

required to better understand the mechanisms affecting stillbirths and deaths among 

children and youths.  

 

Conclusion 

We found no widespread significant changes in stillbirths and mortality among the ages 

and countries under observation. However, among the countries that experienced 

significant changes in mortality in 2020, all groups but stillbirths showed lower-than-

expected mortality. In 2021, together with stillbirths, neonates and those aged 10-24 

also saw a prevalence of excess rather than deficits. In particular, the increase in the 

proportion of countries with higher-than-expected mortality in 2021 for stillbirths and 

ages 20-24 (26% in both cases) is noteworthy. 

These findings are surprising given the considerable disruption of food supply and 

healthcare systems during the pandemic. Nevertheless, our findings do not invalidate 

the hypotheses that predict a detrimental impact of the pandemic on the health of the 

youngest segments of the population in the mid or long term. These disruptions may 
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take more time to have a noticeable negative impact on mortality at the youngest ages. 

Close and long-term monitoring of health and deaths among children and youth, 

particularly in low-income and lower-middle-income countries, is required to fully 

understand the lasting impacts of the COVID-19 pandemic. This monitoring would 

require faster and better vital statistics systems, particularly deficient in low- and middle-

income countries. Finally, further analyses with additional data on causes of death are 

needed to fully understand the mechanisms behind the changes in mortality we found in 

this study. This information will be essential for assessing the effectiveness of 

governmental responses and strategies intended to mitigate the burden of the 

pandemic. 

Data Availability 

All underlying input data from civil registration systems are openly available databases. 

All the software code for reproducing the analyses are available in OSF, at 

https://dx.doi.org/10.17605/OSF.IO/FNUEY 

Authors’ Contributions 

EA contributed to conceptualization, data collection and curation, methodology, formal 

analysis, visualization, and review and editing – original draft. LH, HC, DS, and DY 

contributed to conceptualization, data collection and curation, and writing – review & 

editing. JM contributed to data curation. 

Funding 

This work was supported by the UN Children’s Fund (UNICEF); Bill & Melinda Gates 

Foundation; and the United States Agency for International Development. The funding 

sources had no role in this study. 

Acknowledgments 

An earlier version of this article was presented at the 2022 meeting of the Asociación 

Latinoamericana de Población (ALAP) and the 2023 meeting of the Population 

 . CC-BY-NC 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 13, 2023. ; https://doi.org/10.1101/2023.09.13.23295484doi: medRxiv preprint 

https://doi.org/10.1101/2023.09.13.23295484
http://creativecommons.org/licenses/by-nc/4.0/


23 

Association of America (PAA). We thank the following individuals for valuable 

interactions during the preparation of this manuscript: Patrick Gerland, Jon Wakefield, 

Bruno Masquelier, Li Liu, Kenneth Hill, Michel Guillot, Leontine Alkema, and José 

Manuel Aburto. 

Conflict of Interests 

We declare no competing interests. 

 

References 

1. Dowd JB, Andriano L, Brazel DM, Rotondi V, Block P, Ding X, et al. Demographic science 
aids in understanding the spread and fatality rates of COVID-19. Proc Natl Acad Sci. 2020 
May 5;117(18):9696–8. 

2. Goldstein JR, Lee RD. Demographic perspectives on the mortality of COVID-19 and other 
epidemics. Proc Natl Acad Sci. 2020 Sep 8;117(36):22035–41. 

3. Nepomuceno MR, Acosta E, Alburez-Gutierrez D, Aburto JM, Gagnon A, Turra CM. Besides 
population age structure, health and other demographic factors can contribute to 
understanding the COVID-19 burden. Proc Natl Acad Sci. 2020 Jun 23;117(25):13881–3. 

4. Helleringer S, Queiroz BL. Commentary: Measuring excess mortality due to the COVID-19 
pandemic: progress and persistent challenges. Int J Epidemiol. 2022 Feb 1;51(1):85–7. 

5. Leon DA, Shkolnikov VM, Smeeth L, Magnus P, Pechholdová M, Jarvis CI. COVID-19: a 
need for real-time monitoring of weekly excess deaths. The Lancet. 2020 May 
2;395(10234):e81. 

6. Islam N, Shkolnikov VM, Acosta RJ, Klimkin I, Kawachi I, Irizarry RA, et al. Excess deaths 
associated with covid-19 pandemic in 2020: age and sex disaggregated time series analysis 
in 29 high income countries. BMJ. 2021 May 19;373:n1137. 

7. Pifarré i Arolas H, Acosta E, López-Casasnovas G, Lo A, Nicodemo C, Riffe T, et al. Years 
of life lost to COVID-19 in 81 countries. Sci Rep. 2021 Feb 18;11(1):3504. 

8. Msemburi W, Karlinsky A, Knutson V, Aleshin-Guendel S, Chatterji S, Wakefield J. The 
WHO estimates of excess mortality associated with the COVID-19 pandemic. Nature. 2023 
Jan;613(7942):130–7. 

9. Schöley J, Aburto JM, Kashnitsky I, Kniffka MS, Zhang L, Jaadla H, et al. Life expectancy 
changes since COVID-19. Nat Hum Behav. 2022 Dec;6(12):1649–59. 

10. Bhopal SS, Bagaria J, Olabi B, Bhopal R. Children and young people remain at low risk of 
COVID-19 mortality. Lancet Child Adolesc Health. 2021 May 1;5(5):e12–3. 

11. Götzinger F, Santiago-García B, Noguera-Julián A, Lanaspa M, Lancella L, Carducci FIC, et 
al. COVID-19 in children and adolescents in Europe: a multinational, multicentre cohort 
study. Lancet Child Adolesc Health. 2020 Sep 1;4(9):653–61. 

12. Tagarro A, García-Salido A, Martínez EV, Vega-Piris L, Mellado MJ. Low COVID-19 
mortality in Spanish children. Lancet Child Adolesc Health. 2021 Jun 1;5(6):e24–5. 

13. Riffe T, Acosta E, Aburto JM, Alburez-Gutierrez D, Basellini U, Altová A, et al. COVerAGE-
DB: a database of age-structured COVID-19 cases and deaths. Int J Epidemiol [Internet]. 0 
ed. 2021 [cited 2020 Oct 7]; Available from: 
https://www.demogr.mpg.de/en/publications_databases_6118/publications_1904/mpidr_wor
king_papers/coverage_db_a_database_of_age_structured_covid_19_cases_and_deaths_6
868 

 . CC-BY-NC 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 13, 2023. ; https://doi.org/10.1101/2023.09.13.23295484doi: medRxiv preprint 

https://doi.org/10.1101/2023.09.13.23295484
http://creativecommons.org/licenses/by-nc/4.0/


24 

14. Doubova SV, Leslie HH, Kruk ME, Pérez-Cuevas R, Arsenault C. Disruption in essential 
health services in Mexico during COVID-19: an interrupted time series analysis of health 
information system data. BMJ Glob Health. 2021 Sep 1;6(9):e006204. 

15. Leach CR, Kirkland EG, Masters M, Sloan K, Rees-Punia E, Patel AV, et al. Cancer survivor 
worries about treatment disruption and detrimental health outcomes due to the COVID-19 
pandemic. J Psychosoc Oncol. 2021 May 4;39(3):347–65. 

16. McQuaid CF, Vassall A, Cohen T, Fiekert K, COVID/TB Modelling Working Group     *, 
White RG. The impact of COVID-19 on TB: a review of the data. Int J Tuberc Lung Dis. 
2021 Jun 1;25(6):436–46. 

17. Miguel KD, Garcia-Vigonte F. The Impact of COVID-19 Pandemic on the Global Market: A 
Literature Review [Internet]. Rochester, NY; 2022 [cited 2022 Jul 14]. Available from: 
https://papers.ssrn.com/abstract=4122528 

18. Roubini N. Coronavirus pandemic has delivered the fastest, deepest economic shock in 
history. The Guardian [Internet]. 2020 Mar 25 [cited 2022 Jul 14]; Available from: 
https://www.theguardian.com/business/2020/mar/25/coronavirus-pandemic-has-delivered-
the-fastest-deepest-economic-shock-in-history 

19. Roberton T, Carter ED, Chou VB, Stegmuller AR, Jackson BD, Tam Y, et al. Early estimates 
of the indirect effects of the COVID-19 pandemic on maternal and child mortality in low-
income and middle-income countries: a modelling study. Lancet Glob Health. 2020 Jul 
1;8(7):e901–8. 

20. Osendarp S, Akuoku JK, Black RE, Headey D, Ruel M, Scott N, et al. The COVID-19 crisis 
will exacerbate maternal and child undernutrition and child mortality in low- and middle-
income countries. Nat Food. 2021 Jul;2(7):476–84. 

21. Homer CSE, Leisher SH, Aggarwal N, Akuze J, Babona D, Blencowe H, et al. Counting 
stillbirths and COVID 19—there has never been a more urgent time. Lancet Glob Health. 
2021 Jan 1;9(1):e10–1. 

22. Kc A, Gurung R, Kinney MV, Sunny AK, Moinuddin M, Basnet O, et al. Effect of the COVID-
19 pandemic response on intrapartum care, stillbirth, and neonatal mortality outcomes in 
Nepal: a prospective observational study. Lancet Glob Health. 2020 Oct 1;8(10):e1273–81. 

23. Kumar M, Puri M, Yadav R, Biswas R, Singh M, Chaudhary V, et al. Stillbirths and the 
COVID-19 pandemic: Looking beyond SARS-CoV-2 infection. Int J Gynecol Obstet. 
2021;153(1):76–82. 

24. Calvert C, Brockway M (Merilee), Zoega H, Miller JE, Been JV, Amegah AK, et al. Changes 
in preterm birth and stillbirth during COVID-19 lockdowns in 26 countries. Nat Hum Behav. 
2023 Apr;7(4):529–44. 

25. DeSisto CL. Risk for Stillbirth Among Women With and Without COVID-19 at Delivery 
Hospitalization — United States, March 2020–September 2021. MMWR Morb Mortal Wkly 
Rep [Internet]. 2021 [cited 2022 Oct 14];70. Available from: 
https://www.cdc.gov/mmwr/volumes/70/wr/mm7047e1.htm 

26. HMD. Human Mortality Database.  University of California, Berkeley (USA), and Max Planck 
Institute for Demographic Research (Germany) [Internet]. 2021 [cited 2021 Jun 15]. 
Available from: http://www.mortality.org/ 

27. UN Population Division. DemoData: DataBrowser [Internet]. 2022 [cited 2022 Oct 14]. 
Available from: https://popdiv.dfs.un.org/DemoData/web/ 

28. Eurostat. Eurostat Database [Internet]. 2022 [cited 2022 Sep 13]. Available from: 
https://ec.europa.eu/eurostat/data/database 

29. WHO. WHO Mortality Database. 2022 [cited 2022 Mar 20]. WHO Mortality Database. 
Available from: https://www.who.int/data/data-collection-tools/who-mortality-database 

30. HFD. Short-Term Fertility Fluctuations Database -STFF- Max Planck Institute for 
Demographic Research (Germany) and Vienna Institute of Demography (Austria) [Internet]. 
2021 [cited 2021 Dec 7]. Available from: https://www.humanfertility.org/cgi-bin/stff.php 

 . CC-BY-NC 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 13, 2023. ; https://doi.org/10.1101/2023.09.13.23295484doi: medRxiv preprint 

https://doi.org/10.1101/2023.09.13.23295484
http://creativecommons.org/licenses/by-nc/4.0/


25 

31. WPP. World Population Prospects 2022. 2022 [cited 2022 Jul 14]. World Population 
Prospects - Population Division - United Nations. Available from: 
https://population.un.org/wpp/ 

32. World Bank. The World Bank. 2022 [cited 2022 Sep 13]. World Bank Open Data. Available 
from: https://data.worldbank.org/ 

33. Ritchie H, Mathieu E, Rodés-Guirao L, Appel C, Giattino C, Ortiz-Ospina E, et al. 
Coronavirus Pandemic (COVID-19). Our World Data [Internet]. 2020 Mar 5 [cited 2022 Jul 
12]; Available from: https://ourworldindata.org/excess-mortality-covid 

34. Hessami K, Romanelli C, Chiurazzi M, Cozzolino M. COVID-19 pandemic and maternal 
mental health: a systematic review and meta-analysis. J Matern Fetal Neonatal Med. 2022 
Oct 18;35(20):4014–21. 

35. Oakley LL, Örtqvist AK, Kinge J, Hansen AV, Petersen TG, Söderling J, et al. Preterm birth 
after the introduction of COVID-19 mitigation measures in Norway, Sweden, and Denmark: 
a registry-based difference-in-differences study. Am J Obstet Gynecol. 2022 Apr 
1;226(4):550.e1-550.e22. 

36. Rousseau C, Miconi D. Protecting Youth Mental Health During the COVID-19 Pandemic: A 
Challenging Engagement and Learning Process. J Am Acad Child Adolesc Psychiatry. 2020 
Nov 1;59(11):1203–7. 

37. Richter L. The Effects of the COVID-19 Pandemic on the Risk of Youth Substance Use. J 
Adolesc Health. 2020 Oct 1;67(4):467–8. 

38. Joudrey PJ, Adams ZM, Bach P, Van Buren S, Chaiton JA, Ehrenfeld L, et al. Methadone 
Access for Opioid Use Disorder During the COVID-19 Pandemic Within the United States 
and Canada. JAMA Netw Open. 2021 Jul 23;4(7):e2118223. 

39. Lancet T. A time of crisis for the opioid epidemic in the USA. The Lancet. 2021 Jul 
24;398(10297):277. 

40. Silliman Cohen RI, Bosk EA. Vulnerable Youth and the COVID-19 Pandemic. Pediatrics. 
2020 Jul 1;146(1):e20201306. 

41. Marks KJ. Hospitalizations of Children and Adolescents with Laboratory-Confirmed COVID-
19 — COVID-NET, 14 States, July 2021–January 2022. MMWR Morb Mortal Wkly Rep 
[Internet]. 2022 [cited 2022 Dec 2];71. Available from: 
https://www.cdc.gov/mmwr/volumes/71/wr/mm7107e4.htm 

42. Pierce CA, Herold KC, Herold BC, Chou J, Randolph A, Kane B, et al. COVID-19 and 
children. Science. 2022 Sep 9;377(6611):1144–9. 

 

 . CC-BY-NC 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 13, 2023. ; https://doi.org/10.1101/2023.09.13.23295484doi: medRxiv preprint 

https://doi.org/10.1101/2023.09.13.23295484
http://creativecommons.org/licenses/by-nc/4.0/

