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ABSTRACT
Objectives While COVID-19 has a relatively small direct 
impact on infant mortality, the pandemic is expected to 
indirectly increase mortality of this vulnerable group in 
low- income and middle- income countries through its 
effects on the economy and health system performance. 
Previous studies projected indirect mortality by modelling 
how hypothesised disruptions in health services will affect 
health outcomes. We provide alternative projections, 
relying on modelling the relationship between aggregate 
income shocks and mortality.
Design We construct a sample of 5.2 million births by 
pooling retrospective birth histories reported by women 
in Demographic and Health Surveys conducted in 83 
low- income and middle- income countries between 1985 
and 2018. We employ regression models with country- 
specific fixed- effects and flexible time trends to estimate 
the impact of gross domestic product per capita on infant 
mortality rate. We then use growth projections by the 
International Monetary Fund to predict the effect of the 
economic downturn in 2020 on infant mortality.
Results We estimate 267 208 (95% CI 112 000 to 422 
415) excess infant deaths in 128 countries, corresponding 
to a 6.8% (95% CI 2.8% to 10.7%) increase in the total 
number of infant deaths expected in 2020.
Conclusions The findings underscore the vulnerability 
of infants to the negative income shocks such as those 
imposed by the COVID-19 pandemic. While efforts towards 
prevention and treatment of COVID-19 remain paramount, 
the global community should also strengthen social safety 
nets and assure continuity of essential health services.

INTRODUCTION
Reducing morality risk in the wake of the 
COVID-19 pandemic is a paramount public 
concern. While direct mortality risk as a 
result of COVID-19 infection has garnered 
the majority of attention in global media 
and policy discussions, indirect mortality 

may be substantial. Health and social poli-
cies should not lose sight of excess indirect 
mortality caused by such factors as the inter-
ruption of essential health services and the 
general economic downturn brought on by 
the pandemic. This study attempts to quan-
tify the expected indirect mortality over the 
pandemic period for one especially vulner-
able subpopulation—infants—by modelling 

Strengths and limitations of this study

 ► Our study links gross domestic product (GDP) per 
capita data to an especially large dataset of 5.2 
million retrospective birth histories reported in 
Demographic and Health Surveys conducted in 
many low- income and middle- income countries be-
tween 1985 and 2018.

 ► While previous projections of indirect COVID-19 
mortality have been based on assumptions regard-
ing the magnitude of health service disruptions, 
our estimates account for additional mechanisms, 
mainly increased household poverty.

 ► Our estimates may represent a lower bound of the 
actual excess mortality if the current economic 
downturn is accompanied by larger disruptions to 
the provision of essential health services relative to 
previous downturns.

 ► We estimate the short- term impact of GDP fluctu-
ations on mortality while long- term implications 
for mortality and other adverse outcomes may also 
arise.

 ► The analysis ascribes the difference between 
October 2019 and October 2020 economic growth 
projections for 2020 solely to the pandemic, even 
though some countries have also experienced other 
shocks, such as natural disasters or political crises 
that may affect national income levels.
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the impact of projected economic decline on the likeli-
hood of infant survival.

Studies from diverse settings find negligible direct 
mortality rates for children and infants due to COVID-
19.1 However, stringent containment measures and 
the ensuing economic downturn, as well as the need to 
reallocate health system resources towards pandemic 
response, have influenced many social determinants of 
mortality such as the ability to afford nutritious foods and 
to access essential healthcare. Unlike economic crises in 
high- income countries, which appear to lower mortality,2 
economic crises in low- income countries generally 
increase mortality among vulnerable groups, namely 
young children and the elderly. Earlier studies have docu-
mented a robust relationship between short- term fluctua-
tion in aggregate income and all- cause infant mortality in 
low- income and middle- income countries.3–8

At the very start of the COVID-19 pandemic, model-
ling exercises predicted that the interruption of essen-
tial health services will be severe9–1412 and perhaps the 
world will experience 250 000 to 1.15 million young 
child deaths15 in the first 6 months of the pandemic. 
Recent studies indicate that barriers to access essential 
healthcare in low- income and middle- income countries 
are not just a theoretical concern documenting, for 
example, disruptions in immunisation services in Paki-
stan and Sierra Leone16 17 and access to primary care 
in sub- Saharan Africa.18 19 At the same time, the global 
economy is expected to contract 4.9% in the first year 
of the pandemic20 and the global poverty headcount is 
projected to increase by 120 million people.21 Based 
on historical data, this economic decline is likely to be 
associated with higher mortality in excess of COVID-19 
fatalities,22 especially in low- income and middle- income 
economies, and will create food insecurity23 and lower the 
affordability among vulnerable households of key goods 
and services necessary for child survival.

In this study, we estimate the impact of the economic 
downturn on infant mortality by modelling the relation-
ship between GDP fluctuations and infant mortality, 
following the approach of Baird et al.5 We link GDP per 
capita data to 5.2 million retrospective birth histories 
reported in 83 Demographic and Health Surveys (DHS) 
conducted in low- income and middle- income countries 
between 1985 and 2017. Then, we use growth projections 
by International Monetary Fund (IMF) World Economic 
Outlook (WEO) to predict the effect of the economic 
downturn in 2020 on infant mortality.

DATA AND METHODS
To estimate the impact of changes in aggregate income 
on infant mortality, we rely on two sources of data. Data 
on GDP per capita is taken from the World Development 
Indicators. We use values adjusted for purchasing power 
parity, corresponding to 2011 US dollars. Data on infant 
mortality are constructed from retrospective birth history 
reports in all DHS conducted in 83 low- income and 

middle- income countries between 1985 and 2018. The 
surveys used in the analysis are listed in online supple-
mental appendix table A1. The combined sample totals 
5.2 million births, of which 27% and 55% are from low- 
income and lower- middle- income countries. Over the full 
period of analysis, the sample’s infant mortality rate per 
1000 births is 85, 61 and 37 for low- income, lower- middle- 
income and upper- middle- income countries, respectively.

We estimate the relation between aggregate income 
change and infant mortality with the following framework:

 Dict = αc + βlogGDPct + γ1ctct + γ2ct2
ct + γ3ct3

ct + εict  

 Dict is a binary indicator taking the value 1 if child  i  in 
country  c  died in the first 12 months of life during year  t . 
 logGDP  is the natural logarithm of per capita GDP and  εiact  
is the error term. The α  and γ coefficients identify country- 
specific fixed effects and a country- specific cubic time 
trend, respectively. SEs are clustered at the country level; 
 β  is the coefficient of interest, describing the relationship 
between aggregate income shocks and infant mortality. 
We estimate this semi- elasticity of infant mortality to 
aggregate income decline separately by country income 
level, as classified by the World Bank 2020 income groups, 
as well as overall. Low- income economies are defined by 
a gross national income (GNI) per capita of <US$1035 
in 2019. Lower middle- income economies are defined 
by a GNI between US$1036 and US$4045 and the range 
for upper- middle- income economies is between US$4046 
and US$12 535. To explore the robustness of the findings, 
both we and Baird et al5 find appreciably similar results 
with linear or quadratic time trends, as well as alternative 
recall periods for births (5 or 15 years as opposed to the 
default 10 years).

As a projection of the aggregate income shock in 
each country, we compare growth predictions for the 
same calendar period made before and then during the 
pandemic. Specifically, we use the IMF WEO 2020 growth 
rates projected in October 2019 and in October 2020. We 
define the difference between the two projections as the 
growth shortfall that is likely attributed to the pandemic 
and the ensuing economic crisis. Between October 
2019 and October 2020, the IMF revised downwards the 
growth projections for all countries. The average short-
fall for low- income and middle- income countries is 9.3%. 
The average projected shortfall in low- income countries, 
5.9%, is less than half of the projected average shortfall in 
upper- middle- income countries, 12.5%.

To calculate the number of excess infant deaths that 
were likely caused by the pandemic in each country, 
we multiply the projected growth shortfalls with the β 
coefficient from the regression specification above. We 
then multiply by the projected number of births in each 
country, taken from the United Nation’s World Popu-
lation Prospects 2019. The total number of births are 
projected for the 5- year period 2015–2020 and we assume 
equal proportion of births for each year (the projections 
are available at  population. un. org/ wpp).
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Patient and public involvement
The study presents analysis of secondary data. There was 
no patient and public involvement.

RESULTS
Estimation of the GDP-mortality relationship
The regression coefficient estimates are presented in 
table 1. A 1% decrease in GDP per capita is associated 
with a 0.23 increase in infant mortality per 1000 chil-
dren born in low- income and middle- income countries. 
These estimates vary substantially by income group. A 1% 
decrease in per capita GDP is associated with increases of 
0.48, 0.24 and 0.16 in infant mortality per 1000 children 
born in low- income, lower- middle- income and upper- 
middle- income countries, respectively.

Our estimate for the relationship between GDP and 
infant mortality is significantly lower than the estimate 
presented in the study by Baird et al, using the same 
specification.5 This previous analysis estimated that a 
1% decrease in GDP per capita is associated with a 0.40 
increase in infant mortality per 1000 children born in 
low- income and middle- income countries. Two things 
might drive this difference. First, we have a different 
composition of countries given that more DHS datasets 
are available. Our analysis includes 83 countries relative 
to 59 in the earlier paper. Second, resiliency to income 
shocks may have improved over time through increased 
household incomes and more developed health systems.

Projection of excess infant mortality in 2020
In table 2, we report the estimated excess infant mortality 
in 128 low- income and middle- income countries, along 
with 95% CI around the estimate. The results by income 
group and region presented in table 2 are aggregations of 
the country- level projections presented in online supple-
mental appendix table A2. In total, we estimate 267 208 
(112 000–422 415) excess infant deaths in lower- income 
and middle- income countries due to the growth shortfall 
in 2020. Most of the excess mortality is estimated to occur 
in the 46 lower- middle- income countries, even though 
the income mortality semi- elasticity in low- income coun-
tries is almost twice the size of that in lower- middle- 
income countries. This is explained both by the fact that 
there are more countries and more populous countries 

in the lower- middle- income countries group and because 
the IMF projects larger growth shortfalls in that group. 
It is worth noting than more than a third of the excess 
infant mortality is projected to be in India (99 642). India 
has the highest number of annual births (24 238 000) as 
well as a particularly large projected economic shortfall of 
−17.3%. Because of this, South Asia is the region with the 
highest expected excess infant mortality, although there 
are only eight countries included in the analysis. Nigeria 

Table 1 Estimated relationship between aggregate income shocks and infant mortality rate per 1000 children, by World Bank 
country income groups

Low- income 
countries

Lower- middle- income 
countries

Upper- middle- income 
countries

Low- income and middle- income 
countries

−47.85*** −23.73*** −16.08*** −23.12***
(17.71) (5.50) (6.80) (9.38)

Overall number of observed births is 5 273 350. The table presents coefficient estimates from regressions of infant mortality log per capita 
GDP with time trends and country fixed effects. SEs are presented in parentheses. There are four income groupings for countries; the country 
income groups follow the World Bank classification for fiscal year 2021.
Source: authors’ estimation using data from Demographic and Health Surveys and World Development Indicators.
*P<0.10, **p<0.05, ***p<0.01.

Table 2 Projected excess infant deaths with 95% CIs, by 
World Bank country income groups and regions

Estimate 95% CI Countries

Total 267 208 112 000 to 422 415 128

By income group

  Low- income 
economies

65 628 18 013 to 113 241 29

  Lower- middle- 
income 
economies

158 638 86 646 to 230 628 46

  Upper- middle- 
income 
economies

42 942 7340 to 78 544 53

By region

  Sub- Saharan 
Africa

82 239 29 198 to 135 280 48

  East Asia and 
Pacific

32 537 12 899 to 52 174 19

  Europe and 
Central Asia

7962 2372 to 13 553 20

  Latin America 
and the 
Caribbean

17 202 3628 to 30 776 23

  Middle East 
and North 
Africa

14 127 4067 to 24 187 10

  South Asia 113 141 59 836 to 166 446 8

The definitions of income groups and regions are based on the 
World Bank country group categorisation for the 2021 fiscal 
year.
Source: authors’ projections based on estimated parameters 
presented in table 1 and data from International Monetary Fund 
World Economic Outlook and World Population Prospects.
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and China are a distant second and third with projected 
excess infant deaths of 11 904 and 10 835.

To benchmark our projections of excess infant deaths, 
we assess the percentage increase in infant mortality these 
additional deaths represent. To that end, we calculate the 
expected infant mortality in the absence of the pandemic 
for the 128 countries. According to the World Bank’s 
World Development Indicators, estimated infant mortality 
rates in low- income, lower- middle- income and upper- 
middle- income countries were 48, 37 and 11 deaths per 
1000 live births, respectively in 2019. We multiply these 
rates by the annual number of births in each country to 
forecast a total of 3 953 466 deaths. Assuming that infant 
mortality rate in 2020 would have been similar to that 
in 2019 if the COVID-19 outbreak has not occurred, 
the excess deaths we project correspond to an increase 
of 6.8% (95% CI 2.8% to 10.7%) in the total number of 
expected infant deaths.

DISCUSSION
In this study, we have assessed the potential impact of 
the 2020 economic downturn caused by the COVID-19 
pandemic on infant mortality—we estimate almost 
270 000 excess infant deaths in the 12 months following 
the start of the pandemic. A useful comparison point to 
this estimate is the 28 000–50 000 excess infant deaths 
estimated for Africa after the financial crisis in 2009.7 
Our Africa estimate in 2020 is 82 239 (95% CI 37 858 to 
126 620) infant deaths. This higher projection reflects 
the larger estimated GDP shortfalls. Several mechanisms 
are likely driving this increase in mortality among chil-
dren 0–1 year of age: impoverishment at the household 
level will lead to worse nutrition and care practices for 
infants and reduced ability to access health services, 
while the economic crisis might also affect the supply 
and quality of services offered by the health systems.19 It 
is difficult to compare our estimates with other projec-
tions focusing on health system disruption as the main 
driver as the methodology, the age ranges and the time 
period are different. The most comparable study, with a 
focus on child mortality, predicts 253 500–1 157 000 addi-
tional under-5 child deaths over the first 6 months of the 
pandemic, depending on the scenario severity.15

Our estimates of excess infant mortality are not addi-
tional to previous projections but serve as an alternative. 
Our reduced form approach yields estimates that already 
incorporate at least some consequences of reduced util-
isation of health services, that is, those reductions that 
have historically arose during severe economic down-
turns. Our estimates also directly account for other 
mechanisms, mainly increased poverty. As past economic 
crises were not driven by a pandemic, it is possible that 
the world will experience a higher indirect mortality 
shock than implied by the historic income- mortality semi- 
elasticity if the current economic downturn is accompa-
nied by more severe disruptions to the supply of effective 
health services. Therefore, our projections may provide 

a lower bound of actual indirect mortality. On the other 
hand, the projections reported in this paper ascribe the 
difference between the WEO October 2019 and October 
2020 economic growth projections for 2020 solely to the 
pandemic, even though some countries have also experi-
enced other shocks, such as natural disasters or political 
crises.

Regarding limitations of the analysis, one refinement 
of our estimation approach would consider the rele-
vant expenditure categories that directly determine the 
production of child health, rather than overall expendi-
ture as captured in GDP. Relevant expenditure categories 
include public health sector spending, private spending 
on health and nutrition, foreign assistance in the form 
of health aid and public and private spending on related 
sectors and services such as water and sanitation. It is 
these components of GDP that are more directly tied to 
child survival and would likely exhibit a more predictive 
relationship to infant mortality than overall GDP exhibits. 
Unfortunately, these more granular data do not exist in 
a systematic and standardised form for the countries and 
time periods considered, nor are there standard future 
projections of such components. Therefore, we follow 
the existent literature and explore the relation between 
a widespread summary measures of national economic 
output, GDP, and infant survival.

An extension of our approach may also consider country 
characteristics that likely mediate the GDP- mortality rela-
tion, including measures of economic inequality. Infant 
mortality in more unequal countries is likely more vulner-
able to economic contractions. However, here again, we 
do not have the necessary annual data to easily include 
a summary inequality measure such as the Gini coeffi-
cient within our estimation framework. The DHS allow us 
to construct annual birth and mortality indicators from 
retrospective reports of fertility yet do not include per 
capita consumption or wealth status for the same years. 
Standard cross- country datasets such as PovCalNet ( 
iresearch. worldbank. org/ PovcalNet/ index. htm) update 
the national Gini coefficient only on a sporadic basis. For 
example, the Gini estimate for India is only updated for 
the years 1987, 1993, 2004, 2009, and 2011.

Another limitation of our analysis is that it relies on 
retrospective birth histories in DHS. In the absence of 
comprehensive and robust vital registration statistics in 
most of the countries included in this analysis, this is likely 
the most comprehensive data source available. However, 
such household survey data can be affected by recall bias, 
especially for birth and deaths occurring long before the 
survey date. For this reason, we have explored the stability 
of estimates to alternative birth recall periods and find 
appreciably similar results. Another limitation is that we 
only consider the short- term impact of GDP fluctuations 
on mortality while long- term consequences might also 
exist. Long- term impacts on the number of infant deaths 
could also occur through changes in fertility behaviour 
but should not affect our projections for 2020. Although 
COVID-19 was first detected in the end of 2019, the 

copyright.
 on A

ugust 29, 2021 at India:B
M

J-P
G

 S
ponsored. P

rotected by
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-050551 on 24 A

ugust 2021. D
ow

nloaded from
 

http://iresearch.worldbank.org/PovcalNet/index.htm
http://iresearch.worldbank.org/PovcalNet/index.htm
http://bmjopen.bmj.com/


5Shapira G, et al. BMJ Open 2021;11:e050551. doi:10.1136/bmjopen-2021-050551

Open access

outbreak was declared a pandemic only in March 2020. If 
there were impacts on fertility, they would impact births 
and infant mortality in 2021. Finally, economic contrac-
tions in high- income countries might reduce foreign aid 
to lower- income countries which in turn can increase 
mortality.24 If declining aid affects future GDP, our model 
does not account for such mechanisms as we assume that 
a country’s infant mortality rate is only affected by its 
(own) contemporaneous GDP.

Regarding the reported CIs for projected excess 
infant deaths in table 2, note that these bounds may be 
regarded as conservative. This is because we first apply 
the 5th percentile lower bound and then the 95th percen-
tile upper bound estimate of the mortality semi- elasticity 
to the projected growth contractions for all countries in 
order to estimate the bounds. This exercise implicitly 
imposes a perfect correlation of semi- elasticities across 
countries. If instead, each country receives its own inde-
pendent draw from the distribution of semi- elasticities 
then there will be significantly tighter confidence bounds, 
at least in expectation.

On the other hand, there may also be forecast error 
in either the country- level economic growth projections 
or in the projections of number of births. These poten-
tial errors are not directly modelled. Previous literature 
suggests these forecast errors have an expected mean 
of zero, with most deviations from forecast on the order 
of ±1 percentage point of economic growth or ±3% of 
total births.2526 To explore further the role of uncer-
tainty in economic and demographic projections, we 
consider Monte Carlo simulations that model country- 
specific growth and birth projections with a slightly larger 
anticipated degree of error. Specifically, we simulate 
a draw for each country from growth projections that 
are uniformly distributed around the projection at ±1.5 
percentage points and draws for the birth projection 
that are uniformly distributed around the projection at 
±4%. After 10 000 simulations, we obtain a 95% CI of total 
excess deaths to be (251 588 to 283 106), substantially 
narrower than the reported CI of (112 000 to 422 415). 
This suggests that uncertainty in the true value of the 
growth- IMR semi- elasticity is the most influential param-
eter driving uncertainty in the projected total number of 
indirect infant deaths.

Regardless of the exact number of projected deaths, 
the large number of excess infant deaths estimated in 
our analysis underscores the vulnerability of this age 
group to negative aggregate income shocks such as 
those induced by the COVID-19 pandemic. While we 
focused on the 0–1 age group, our estimates are sugges-
tive of other vulnerabilities not directly attributable to 
COVID-19 among other segments of the population 
such as children aged 1–5 years, pregnant women and 
the elderly. As countries, health systems and the wider 
global community continue efforts to prevent and treat 
COVID-19, we should also consider resources to stabi-
lise health systems and strengthen social safety nets 
in order to mitigate the human, social and economic 

consequences of the pandemic and related lockdown 
policies.
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