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Abstract

This study delves into the global evolution of 43 Sustainable Development Goals (SDG) indi-
cators, spanning 7 major health themes across 185 countries to evaluate the potential prog-
ress loss due to the COVID-19 pandemic. Both the cross-country and temporal variability of
the dataset are employed to estimate an empirical model based on an extended version of
the Preston curve, which links well-being to income levels and other key socioeconomic
health determinants. The approach reveals significant global evolution trends operating in
each SDG indicator assessed. We extrapolate the model yearly between 2020 and 2030
using the IMF’s pre-COVID-19 economic growth projections to show how each country in
the dataset are expected to evolve in these health topics throughout the decade, assuming
no other external shocks. The results of this baseline scenario are contrasted with a post-
COVID-19 scenario, where most of the pandemic costs were already known. The study
reveals that economic growth losses are, on average, estimated as 42% and 28% for low-
and lower middle-income countries, and of 15% and 7% in high- and upper middle-income
countries, respectively, according to the IMF’s projections. These disproportional figures are
shown to exacerbate global health inequalities revealed by the curves. The expected prog-
ress loss in infectious diseases in low-income countries, for instance, is an average of 34%,
against a mean of 6% in high-income countries. The theme of Infectious diseases is fol-
lowed by injuries and violence; maternal and reproductive health; health systems coverage;
and neonatal and infant health as those with worse performance. Low-income countries can
expect an average progress loss of 16% across all health indicators assessed, whereas in
high-income countries the estimated loss is as low as 3%. The disparity across countries is
even more pronounced, with cases where the estimated progress loss is as high as nine
times worse than the average loss of 8%. Conversely, countries with greater fiscal capacity
are likely to fare much better under the circumstances, despite their worse death count, in
many cases. Overall, these findings support the critical importance of integrating the fight
against inequalities into the global development agendas.
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Introduction

The establishment of the Sustainable Development Goals (SDGs) in 2015 marked a significant
triumph of globalism. The wide and integrated agenda, encompassing themes that range from
eradicating poverty and promoting well-being to addressing socioeconomic inequalities and cli-
mate change, represent the most ambitious global development plan in history, built on notions
of global partnership and solidarity. The initial optimism following its approval by the 193 UN
member states, however, soon gave way to concerns as nationalistic ideals resurfaced world-
wide. Moreover, the possibility of a pandemic and its broad disruptions were not even on the
radar at that time. After a slow begin, where progress failed to meet the required speed and scale
of change [1], the COVID-19 outbreak led to an unprecedented combination of health, eco-
nomic, and humanitarian crises that resulted in further backlashes for several SDGs [2].

Despite uncertainties surrounding the extent to which the pandemic undermines progress
and exacerbates challenges, experts concur that the confluence of crises imperils lives and live-
lihoods, rendering the attainment of targets even more arduous [1-3]. Indeed, the pandemic
exposed vulnerabilities and tested global resilience, raising concerns whether the goals set in
2015 could still be attainable given the new challenges, even among the 2030 Agenda advocates
[1,3].

In fact, the long-term repercussions of the pandemic remain unknown [1]. Adding to the
direct disease-related fatalities, the burden on health systems during critical care moments has
further escalated avoidable deaths [4]. Presently, owing to limitations in health data systems,
comprehensive information on the pandemic’s effects on population morbidity and mortality
remains scarce. Nevertheless, emerging evidence suggests that the multifaceted crisis may have
graver consequences than initially anticipated. Studies reveal a deteriorating outlook for non-
communicable diseases, evidenced by increasing sedentary lifestyles, reduced physical activity,
increased alcohol and tobacco consumption, aggravated food insecurity, reduced utilization of
health services and adoption of preventive measures, along with an increase in mental health
disorders [5-7].

Furthermore, both the pandemic and measures implemented to mitigate its impacts have
caused severe economic and social repercussions worldwide, disproportionately affecting mar-
ginalized communities, including women and other vulnerable groups. Job losses and dimin-
ished means of subsistence have hit current generations at an unprecedented scale. While
skilled workers were able to transition to remote work, unskilled laborers predominantly
engaged in informal sector activities faced reduced wages and heightened health risks. Further-
more, lockdowns and income losses have rendered health and education less accessible, partic-
ularly impacting the disadvantaged, including women and girls [8].

Moreover, the pandemic has amplified pre-existing disparities that have long constrained
global development and constitute a significant focal point of the 2030 Agenda. Strikingly, the
2021 annual Sustainable Development Report marked the first decline in the rate of progress
towards the SDGs since 2015, primarily attributable to the rise in poverty and unemployment
rates following the onset of the COVID-19 pandemic [9]. It is worth noting that its final impact
on the global SDG performance may be underestimated due to the lack of timely and compa-
rable data.

Against this backdrop, the current study offers a fresh view of the “potential progress loss”
attributable to the COVID-19 pandemic in 43 health-related indicators and 7 major health
themes using counterfactual scenarios built for 185 countries in different income levels. Unlike
the literature focusing on the pandemic impact on specific health topics and/or specific coun-
tries [5-8], this study provides a much broader, ecological, perspective of the pandemic’s
repercussions on the potential evolution of health-related SDGs globally. At the same time, the
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study deepens the understanding of the dominating cross-country trends in each health topic
and the factors explaining them, a differential, compared to global SDGs reports [1, 9]. Nota-
bly, the approach intends to measure the cost of the pandemic in terms of the potential evolu-
tion of the health phenomena measured by the SDG indicators, shedding light on the urgent
need of a renewed global commitment to revert current trends and accelerate the health-
related SDGs in the coming years, particularly in low-income countries, in the aftermath of
the pandemic.

Methodology

This study presents a static comparative assessment of the impact of changes in economic per-
spectives due to the COVID-19 pandemic on the potential evolution of 43 health-related Sus-
tainable Development Goals (SDG) indicators. The empirical approach assumes the existence
of transnational trends in health to estimate global counterfactual evolution curves for each
indicator. These are extrapolated to show how each country in the dataset are expected to
evolve in the health phenomena represented by each indicator (health topics) in the course of
economic development, assuming no other external shocks, and how changes in economic
expectations in a scenario post-COVID impact the initial forecasted trajectory of these
indicators.

Data for this study were obtained from the official UN SDGs database [10]. The global and
thematic coverage of the sample is illustrated in Table 1 below.

To reconstruct the global evolution curves for each indicator, we employ a model based on
the Preston curve, which links well-being (life expectancy) to income levels (per capita gross
domestic product (GDP,,)) [11]. The empirical association between health and GDP,, has
been supported by several studies since the late 1970s [12-14]. These studies indicate dimin-
ishing returns to income in terms of life expectancy, where the marginal gains of health from
GDP increase at lower income levels but decrease for higher income levels. Over time, the
association between health and GDP has evolved, with some studies suggesting that new tech-
nologies have improved global health conditions regardless of a country’s economic perfor-
mance [15]. More recent data, however, indicate a stronger relationship between health and
GDP in the decades following Preston’s study [16].

To extend the original Preston curve model, we incorporate other key determinants of
country health phenomena, such as overall health expenditures (% of GDP) from the World
Health Organization (WHO) and the Gini index from the World Bank. The former proxies
the availability and reach of health services, while the latter measures access to health services,
as income inequalities often correlate with health inequalities within and across countries. The
basic model is represented by Eq (1).

In SDG,, =ox +B,InGDP, . + B,InGini,, + B,InHE, + B,InGDP,. X Ry, + £, +&, (1)

where < is a constant, B represents the fitting parameters, f and € are the fixed effects and
error term, respectively. Subscripts i and t represent countries and time, respectively. Natural
logarithms are used for all variables, allowing the coefficients to be interpreted as the percent-
age rate of change in the SDG indicator due to a change in the explanatory variables.

We utilize both cross-country and time variance to fit the models, enabling the coefficients
to reflect transnational trends and time drifts in the GDP,,. parameter. To reduce autocorrela-
tion and capture long-term trends despite annual variance in the data, 5-year averages are
used. This strategy also proved successful to generate a balanced panel for each health indica-
tor. By adopting this approach and including temporal fixed effects, we address concerns
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raised about the original Preston curve, particularly regarding the lack of empirical evidence
on the validity of the association over time in both serial and longitudinal studies.
The equation also incorporates an interaction between a Regional categorical variable (Rp)
and the GDP,,. This captures the influence of dynamic regional factors on the target health
phenomena. The term exhibits a better fit compared with time-invariant regional dummies,

Table 1. Health-related themes and indicators: Data coverage.

Themes Indicators Coverage'
Countries | Initial Final
year year
Maternal and reproductive | 311 | Maternal mortality rate (per 100,000 live births) 185 2000 2017
health 312 | Births assisted by qualified health personnel (%) 166 2000 2021
223 | Proportion of women aged 15-49 years with anaemia, pregnant (%) 192 2000 2019
371 | Childbearing-age women (15-49 years) with their need for family planning satisfied with 86 2000 2020
modern methods (%)
372 | Adolescent birth rate (per 1,000 women 15 to 19 years) 193 2001 2020
Infant and neonatal health | 221 | Children <5 years with stunting (% height for age <-2 DP) 155 2000 2020
222a | Children < 5 years with wasting (% weight/height <-2 DP) 92 2000 2020
222b | Children <5 years with overweight (% weight/height >+2 DP) 93 2000 2020
321 | Mortality rate in children under 5 years (probability of dying by 5 years of age per 1,000 live 195 2000 2020
births)
322 | Neonatal mortality rate (per 1,000 live births) 195 2000 2020
3bla | Immunization coverage for diphtheria, tetanus, and pertussis (DTP3) within 1 year 195 2000 2020
3b1b | Vaccination coverage by country with second dose of vaccine including measles (MCV2) 179 2000 2020
3blc | Immunization coverage with conjugate pneumococcal vaccine (PCV3) in children under 1 147 2008 2020
year
Infectious diseases 331 | New HIV infections (per 1,000 uninfected inhabitants) 132 2000 2020
332 | TB incidence (per 100,000 inhabitants per year) 215 2000 2020
333 | Malaria incidence (per 1,000 inhabitants at risk) 109 2000 2020
334 | Prevalence of hepatitis B surface antigen (HBsAg) in children under 5 years (%) 194 2015 2020
335 | Reported number of persons requiring interventions against neglected tropical diseases 194 2010 2019
Non-communicable 211 | Prevalence of undernourishment (%) 161 2001 2019
diseases 341 | Probability (%) of dying from 30 to 70 years of age of any cardiovascular disease, cancer, 183 2000 2019
diabetes, or chronic respiratory disease
342 | Crude suicide rates (per 100,000 inhabitants) 183 2000 2019
352 | Total per capita alcohol consumption (recorded + unrecorded) (15+ years) 188 2000 2019
3al | Age-standardized prevalence of current smoking in persons 15 years or older 164 2000 2020
Violence and injuries 361 | Death rate due to road traffic injuries (per 100,000 inhabitants) 183 2000 2019
1311 | Death rate from natural disasters (per 100,000 inhabitants) 155 2005 2020
1611 | Estimated homicide rates per 100,000 inhabitants 114 2000 2014
1623 | Proportion of population aged 18-29 years who experienced sexual violence by age 18, by sex 46 2005 2020
(% of population aged 18-29)
Environmental risks 391 | Mortality rate attributable to air and household pollution (per 100,000 inhabitants) 183 2016 2016
392 | Mortality rate attributed to exposure to unsafe WASH services (per 100,000 inhabitants) 183 2016 2016
393 | Mortality rate attributed to unintentional poisoning (per 100,000 inhabitants) 183 2000 2019
611 | Population that uses safely managed drinking water services (%) 136 2000 2020
621a | Population that uses safely managed sanitation services (%) 122 2000 2020
621b | Proportion of population practicing open defecation, by urban/rural (%) 222 2000 2020
712 | Proportion of the population using clean fuels and technologies 191 2000 2020
1162 | Fine particulate matter (PM2.5) 194 2011 2016
(Continued)
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Table 1. (Continued)

Themes Indicators Coverage'
Countries | Initial Final
year year
Health systems and 1a2 | Current health expenditure (CHE) as percentage of gross domestic product (GDP) (%)* 187 2000 2020
coverage 381 | Coverage of essential health services 183 2000 2019
382 | Proportion of population with large household expenditures on health (greater than 10%) as a 97 2000 2020

share of total household income (%)

3cla | Physicians (per 10,000 inhabitants) 178 2000 2020
3clb | Nursing and obstetric personnel (per 10,000 inhabitants) 185 2000 2020
3clc | Dentists (per 10,000 inhabitants) 179 2000 2020
3cld | Pharmacists (per 10,000 inhabitants) 161 2000 2020
3d1 | Capacity of the IHR and health emergency preparedness (average of 13 points—SPAR) 193 2018 2020

Notes

! Number of countries with at least one post-2015 data entry. The cross-sectional and longitudinal availability of data varies between indicators. The dictionary of
indicators and complete information on each country’s longitudinal availability can be found in the official SDG global database.

? Data series source: WHO.

Source: own elaboration with data from UNDesa. <https://unstats.un.org/sdgs/dataportal> Access in 19 April 2023.

https://doi.org/10.1371/journal.pone.0305955.t001

especially with the introduction of individual fixed-effects. Additionally, we find that regional
differences in the trajectories are significant for many indicators.

As envisaged by Preston, the preliminary analysis revealed important non-linearities in the
evolution of some indicators (see Results section). This hypothesis is confirmed by the analysis
of partial residuals for segments of the global curve and likelihood ratio tests applied to linear
models and splines. The inclusion of multiplicative regional dummies improves the general fit
of the estimations, partially reducing the error. However, since the error appears to be particu-
larly correlated with the country development level, we estimate Eq 1 for subsamples of coun-
tries in four income groups, as defined by the World Bank in June 2023: (i) low-income
countries, with per capita GDP of $1,045 or less; (ii) lower middle-income countries, with per
capita GDP ranging from $1,046 to $4,095; (iii) upper middle-income countries, with per cap-
ita GDP ranging from $4,096 to $12,695; and (iv) high-income countries, with per capita GDP
greater than $12,696. This strategy allows the use a linear model for all indicators, facilitating
comparisons between groups and across countries.

We assume two scenarios to predict the evolution of each country in each health-related
indicator yearly between 2021 and 2030: (i) the baseline scenario extrapolates the model for
the whole decade ahead using the International Monetary Fund (IMF)’s pre-COVID-19
growth forecasts for each country. These were published in January 2020 to reflect the institu-
tion’s growth expectations in the last period of 2019. Thus, it did not consider any possible
repercussion of COVID-19 pandemic [17]; (ii) the post-COVID-19 scenario adopts the IMF’s
October 2021 growth forecasts update instead [18]. This specific report was chosen to repre-
sent the post-COVID period for it reflects a time where the epidemiological curve of the dis-
ease was already known, as well as the effective measures to contain and mitigate the multiple
crises it prompted. Also, the forecast figures in this specific report did not anticipate the global
economic repercussions of the Ukraine invasion by Russia in early 2022, freeing the estimate
from this exogenous shock that would overlap with the pandemic. In other words, the two
points were chosen so that most of the expectation changes were due to the direct and indirect
impact of COVID-19.
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In the estimation of both baseline and post-COVID scenarios, no changes in the countries’
levels of health expenditure and income inequality are assumed. In the case of health expendi-
tures as a percentage of the GDP, assuming no changes throughout the decade do not compro-
mise the global picture, since this is a political variable and thus exogenous by nature.
Furthermore, in most cases, health expenditures increases during the pandemic were not sus-
tained over the following years [19]. The hypothesis that the country Gini index will not
change can be more heroic. This variable tends to evolve as result of many socioeconomic vari-
ables changes, including local policies and economic growth itself. Also, the evidence in the
aftermath of the pandemic has shown significant increases in income inequality in some coun-
tries, even though the evidence in this matter is disputed [9, 20]. Some studies, however, sug-
gest that the average level of income inequity has not changed significantly across countries
over the last decades [21]. Hence, the best course of action, also considering the lack of accred-
ited forecasts for the variable, was to assume it will remain the same over the decade.

Finally, the potential progress loss is defined as the difference between the forecasted values
of each indicator generated by extrapolating these health-related curves for each country in
post- and pre-pandemic scenarios.

Results

Tables 2-4 present the estimation results for the health-related indicators in Eq 1. Overall, the
models demonstrate a good fit for most of the 43 series, with one exception. Indicator 16.2.3,
which measures the proportion of the population who experienced sexual violence, did not
yield significant robustness measures for any parameter or the overall estimation. Notably, this
lack of significance can be partly attributed to the limited data available, as only 46 countries
reported data for this indicator.

Across all series, the association between per capita GDP and health-related indicators is
statistically significant, either for all subsamples or at least for specific regional groups. In most
cases, the signals and levels of robustness align with expected outcomes. The high R? values
(within, between, and overall) indicate that the models, particularly incorporating per capita
GDP, health expenditures, and the Gini index, explain a substantial portion of the cross-coun-
try and time variability in these health indicators.

The magnitude of the association’s parameter (absolute value) reflects the expected progress
in the indicator due to changes in per capita GDP. Conversely, when the parameter approaches
zero, it suggests lesser conditional expectation of indicator changes linked to improvements in
socioeconomic development, as represented by per capita GDP. In such cases, other local fac-
tors and uncorrelated omitted variables might exert greater influence. For instance, an indica-
tor 3.1.1 parameter of -0.49 indicates that a 1% increase in per capita GDP corresponds to a
reduction of approximately 0.5% in maternal mortality worldwide.

To account for regional differences in elasticity, we introduced multiplicative regional dum-
mies for the six WHO regions—African (AFR), Americas (AMR), Southeast Asian (SEAR),
European (EUR), Eastern Mediterranean (EMR), and Western Pacific (WPR)—along with
China (CHN) and India (IND) due to their unique population size and characteristics. Except
for cases indicated in Tables 2—4, the baseline is the African region. To exemplify, taking again
indicator 3.3.1, 1% increases in the GDP are expected to be associated with an additional
0.26% and 0.17% reductions (that is, -.75 and -.66), respectively, in the European and Eastern
Mediterranean regions (one should note that WHO regions differ significantly from that of
usual geographical regions—please refer to S1-S4 Tables for references).

Out of the 43 indicators, four showed no significant regional differences: births assisted by
qualified personnel (3.1.2), overweight (2.2.2b), death rate from natural disasters (13.1.1), and
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the proportion of the population who experienced sexual violence (16.2.3). However, in the
remaining 39 indicators, regional variability in the GDP,,. parameter was evident to varying
degrees. Notably, certain indicators, such as HIV/AIDS incidence (3.3.1) and homicides
(16.1.1), exhibited outlier regions with notable differences. Additionally, for some series,
regional characteristics were so dominant that distinct regional evolution curves were evident
instead of a global trend. Examples include premature deaths from noncommunicable diseases
(3.4.1), suicide rate (3.4.2), and deaths due to road traffic injuries (3.6.1).

The results for three indicators is of particular concern. Surprisingly, the elasticity of chil-
dren with overweight (2.2.2b) and alcohol consumption (3.5.2) in relation to per capita GDP is
positive and significant. This indicates that increases in development levels may worsen these
health conditions, contrary to expectations. Another indicator, premature deaths from non-
communicable diseases (NCD) (3.4.1), also falls into this group, as coefficients for India,
SEAR, and the Americas regions are all positive and significant. Although the global variance
of this indicator rendered the overall parameter insignificant, the positive regional coefficients
are noteworthy.

The Gini index showed significance in 15 indicator series. With the exception of births
assisted by qualified health personnel (3.1.2), where increases in inequality are associated with
increased coverage, the estimates align with expectations. Income inequality played a crucial
role in exacerbating the percentage of children with stunted growth (2.2.1), children’s immuni-
zation coverage (indicators 3.b.1a-b), Malaria incidence (3.3.3), people affected by neglected
tropical diseases (3.3.5), mortality due to NCD (3.4.1), prevalence of smoking (3.a.1), homi-
cides (16.1.1), and impoverishing out-of-pocket health expenditures (3.8.2). In many cases,
income inequality emerged as the primary factor influencing these phenomena.

Health expenditure significantly impacted 23 out of 43 indicator series. In most cases, the
results align with expectations, except for drinking water managed services (3.6.1), where the
variable may be reflecting the effect of omitted factors. An unexpected positive association
between health expenditure and suicide rates (3.4.2) and the prevalence of smoking (3.a.1) was
found, but these results can still be understood in the context of the variables’ dynamics. Nota-
bly, health expenditure played a significant role in explaining the global dynamics of health
systems and coverage indicators. Other noteworthy associations include children wasting
(2.2.2a), immunization (indicators 3.b.1b-c), death rates from natural disasters (13.1.1), mor-
tality attributed to pollution (3.9.1), and exposure to unsafe water, sanitation, and hygiene ser-
vices (3.9.2).

S5 Table shows the GDP,,. elasticities for the estimation of Eq 1 for subsamples of countries
at the four income groups of World Bank (the results for covariates and regional parameters,
as well as the robustness measures are available upon request). Overall, the robustness measure
confirm the good results of these subsample estimates, even in the case of indicators 2.2.2b, 3.
b.1b, 13.1.1 and 3.8.2, for which the global GDP,,. elasticity was not significant for any income
groups. Regional parameters and the other covariates seem to explain the indicator’s variance
significantly in these cases. Some estimations are omitted due to missing data for the countries
in the income groups. Being conservative in the measurement of the loss, we also opted to dis-
miss all indicators for which less than 40% of the countries in the income group did not report
the indicator (these are indicated in S5 Table with a trace).

For indicators of children stunting (2.2.1), pregnant women with anemia (2.2.3), children
and neonatal mortality (3.2.1, 3.2.2), mortality due to NCD (3.4.1) and practice of open defeca-
tion (6.2.1b) the difference between groups are not statistically significant, suggesting that for
these indicators, the general levels of development do not influence in the association between
increases in GDPy,. and improvements in health conditions.
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For the remaining indicators, however, there are important differences in the estimated
coefficient across the income groups, even though these are all within a reasonable range. The
only two extreme cases, for which the coefficient signals are inverted in different groups are:
road traffic deaths (3.6.1) and concentration of fine particulate matter (11.6.2), where the
GDP, elasticity of the indicator is positive for lower income countries and negative for high-
income countries. In both cases, these are within expectations.

Preston’s hypothesis are more evident in some indicators associated with assess and cover-
age of health services and basic infrastructure, such as the population that uses safely managed
drinking water and sanitation services (6.1.1, 6.2.1a), prevalence of undernourishment (2.1.1),
coverage of essential health services (3.8.1), births assisted by qualified personnel (3.1.2), DPT3
immunization (3.b.1a), and the number of health professional per 100,000 inhabitants (3.c.la-
d), where one may verify diminishing returns to changes in GDP,, as we skip to higher income
groups.

For some health themes, the impact of increments in per capita income on the indicator is
heavily concentrated in low-income countries, as in the case of family planning (3.7.1), chil-
dren wasting (2.2.2a), vaccine coverage (3.b.1a-b), HIV infections (3.3.1) and alcohol con-
sumption (3.5.2). That is, the effect of increments in the country’s per capita income on the
indicators” improvement are higher the lower the income. For the first two, however, this
result can be associated with the excessive number of missing information for high-income
countries.

In other health topics, the effect of improvement in income on the indicator is concentrated
in higher income groups, such as mortality rates attributable to pollution and unintentional
poisoning (3.9.1 and 3.9.3), health expenditures (1.a.2) and homicides (16.1.1). In all cases, the
effect is particularly stronger in high-income countries, an indicative that in these topics, prog-
ress due to improvements in general levels of income are not common until the country
reaches the higher levels of development.

There are also indicators such as communicable diseases where the effect of increments in
per capita income on the indicator peaks for middle-income countries (inverted U pattern)
and those for which the peaks are in the extreme income groups (U pattern). In the first cate-
gory are mortality due to unsafe water, sanitation and hygiene (WASH) services (3.9.2), capac-
ity of the IHR and health emergency preparedness (3.d.1), and Malaria incidence (3.3.3), even
though, for the latter, this can be the result of missing information for high-income countries.
The U pattern is found for indicators of Tuberculosis incidence (3.3.2) and suicide rates
(3.4.2).

These differences in the response to variations in per capita GDP influence the evolution of
these health-related indicators in countries at different income groups. Even if the scenarios of
economic growth are resembled, the projected figures for countries at lower/higher income
levels are different. This is illustrated in S1-S4 Tables, which show the predicted accumulated
losses in the evolution of each of the 7 health themes by 2030 in each country of the sample in
response to the economic growth revisions since the pandemic outbreak. The tables also pres-
ent the each of the scenarios considered for the projection, including the values assumed for
the control variables.

To illustrate the potential inequalities in impact worldwide, Table 5 summarize the accu-
mulated losses by 2030 in the seven health themes for the four income groups. The expected
losses in GDP are disproportionately greater in poorer countries, with a mean of 42% and 28%
in low- and lower middle-income countries, respectively, compared to 15% and 7% in high-
and upper middle-income countries, respectively.

As expected, the average losses decrease with the income level, with low-income countries
experiencing losses more than 5.5 times higher than high-income countries. This pattern is
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Table 5. Mean estimated losses from the economic crisis generated by COVID-19 by 2030: Country income
groups.

Indicators Country Groups’
Low Lower-middle Upper-middle High
income income income income
Annual average growth rate 2010s 4.32 4.16 3.16 231
GDPpc (2019) 2,060.02 6,952.56 16,489.29 46,449.74
Growth rate Pre-COVID? 5.20 4.27 3.07 2.12
Forecasted per capita GDP pre-Covid (2030)° 3,800.46 11,519.97 23,844.50 58,733.41
Growth rate Post-COVID? 4.36 3.45 2.71 2.02
Forecasted per capita GDP post-Covid (2030)* 2,931.23 9,579.79 21,315.85 55,512.59
GDPpc loss as a proportion of the initial GDPpc -42% -28% -15% -7%
Average GINT index* 41.3 38.2 41.0 35.6
Average Health expenditure (% GDP)” 5.85 5.75 7.14 9.00
Health-related | 1. Maternal and -16.78% -8.90% -2.46% -3.31%
indicators reproductive health
2. Newborn and child health | -13.36% -9.26% -5.23% -2.40%
3. Infectious diseases -33.77% -30.69% -29.50% -6.37%
4. Noncomunicable diseases | -6.30% -1.44% -1.99% -0.42%
5. Injuries and violence -18.23% 3.53% -5.92% -1.97%
6. Environmental risks -12.72% -14.95% -5.63% -4.61%
7. Health systems and -14.23% -8.97% -3.05% -1.38%
coverage
Average change (health-related indicators) -16.48% -10.10% -7.71% -2.9%

Notes

! World Bank classification.
2 IMF growth projections.
%2015 USD$ constant.

* World Bank.

> WHO estimates.

Source: own elaboration

https://doi.org/10.1371/journal.pone.0305955.1005

consistent across most themes, with low-income countries leading the losses in their respective
indicators. However, in relative terms, the themes of injuries and violence and maternal and
reproductive health stand out, showing much higher losses than expected from the economic
downturn due to the high GDP elasticity of the indicators in these income groups. Infectious
diseases represent the worst case, with expected losses surpassing 33%.

Middle-income countries are also significantly affected, particularly in the theme of infec-
tious diseases, where losses reach around 30%. For lower-middle income countries, environ-
mental risks, maternal, child, and newborn health, as well as health systems and coverage, are
areas of concern, with losses averaging around 10%. In comparison, noncommunicable dis-
eases and injuries and violence can be a more pressing issue for upper-middle income coun-
tries compared to countries with lower income levels. High-income countries see the most
significant losses in infectious diseases, environmental risks, and maternal and reproductive
health. However, except for the latter, the losses in these themes are considerably lower com-
pared to other income groups.

Fig 1 presents the average cumulative losses by 2030 for each health-related indicator,
detailing the results from the previous table and identifying which indicators are responsible
for the losses in each health theme and income groups. In low-income countries, HIV
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Fig 1. Mean cumulative losses by 2030 of the health-related indicators: Income groups. Notes: The horizontal axis is intentionally
suppressed not generate misinterpretations of the stacked bars. Source: own estimations.

https://doi.org/10.1371/journal.pone.0305955.g001

infections (3.3.1), Malaria (3.3.3), and NTD (3.3.5) are major contributors to the concerning
outcomes in infectious diseases.

The disparities shown in Fig 2 are even more pronounced than those in the previous table,
with low-income countries dominating the losses across most indicators. Notably, NCDs
(3.4.1) and alcohol consumption (3.5.2) are expected to improve in all income groups due to
the inverted sign of improvement found for these indicators. Additionally, certain topics, such
as deaths from disasters (13.1.1), fine particulate matters (11.6.2), and impoverishing out-of-
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Fig 2. Mean cumulative losses by 2030 in all health-related indicators: Countries. Note: National losses calculated from the mean loss for health-related
indicators in the country. Source: Own elaboration. Original shapefile retrieved from the World Bank, available under a CC BY 4.0 license. For illustrative
purposes only. For more information, see https://datacatalog.worldbank.org/search/dataset/0038272/World-Bank-Official-Boundaries.

https://doi.org/10.1371/journal.pone.0305955.9002

pocket expenditures in health (3.8.2), are expected to see improvements in specific income
groups.

The global disparities in expected losses are even more evident when considering the coun-
tries’ perspective (see the last columns of S1-S4 Tables). While the average loss of potential in
the set of health indicators is approximately 8.4%, some countries, like Turkmenistan and
Mpyanmar, are projected to face up to 9 times worse results, while others have had their pros-
pects revised upward, including several high-income countries. Fig 2 illustrates these results,
presenting the mean accumulated effect by 2030 on the set of health indicators for countries in
the sample. The most significant losses are concentrated in Africa, the Middle East, Southern
Asia, and Latin America. Positive results due to upward revisions are evident in Northern
Africa (Libya and Sudan), Iran, Eastern Europe, among others.

Discussion

The discrepancies in COVID-19 mortality between countries can be attributed to a multitude
of factors. Demographic elements, such as population density, the proportion of elderly indi-
viduals (age 80 or older), and the urban population ratio, have been identified as influential
[22]. Additionally, economic, social, and political efforts, encompassing mitigation measures,
mobility restrictions, and healthcare interventions, play a significant role in shaping the
COVID-19 burden [23-25]. Social, economic, and ethnic disparities have also emerged in
COVID-19 burdens across different countries [26-28].

The economic impact of the pandemic has been highly uneven across global economies.
While virtually all countries experienced disruptions in production chains, leading to a 3.5%
global GDP drop in 2020 —the most severe economic recession since the 1930s —the extent of
economic contraction varied significantly. Latin America and the Caribbean saw a 7% down-
turn in GDP, similar to Europe’s 6.3% decline, whereas developing countries in Asia experi-
enced only a 0.8% decline. Swift health measures, social protection programs, and other
mitigation policies helped mitigate the pandemic’s adverse effects in some countries [29].

These disparities are expected to be exacerbated by unequal access to vaccines and varying
fiscal capacities among wealthier nations, many of which have already committed to major
public investments for economic recovery. Some countries, like the USA, have witnessed
improved economic prospects for the next decade. In contrast, heavily indebted poorer
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economies may experience heightened inequalities globally, particularly impacting the health-
related targets of the 2030 Agenda, as demonstrated in this study [30]. According to the IMF
projections used in this research, low-income countries are projected to face losses in eco-
nomic output that are, on average, 2.8 times greater than upper middle-income countries and
six times greater than high-income countries, despite some high-income countries being sig-
nificantly impacted by the crisis in 2020-2021.

The anticipated loss in health indicators due to changes in economic prospects is projected
to be most significant in low-income countries, particularly in the areas of infectious diseases,
violence and injuries, and maternal and reproductive health. Lower middle-income countries
are expected to experience greater losses in indicators of infectious diseases and environmental
risks, where economic gains tend to influence indicator improvements more strongly. Histori-
cally, these health issues have posed significant challenges for developing countries, where
healthcare systems and socioeconomic inequalities can negatively impact health resource dis-
tribution [31]. The weaker macrosocial determinants and socioeconomic contexts in low-
income countries may exacerbate the pandemic’s impact on population health [32]. Increased
unemployment and job insecurity resulting from the economic crisis can also heighten
demand for public services, particularly in the health sector, further emphasizing the impor-
tance of expanding access and improving health infrastructure to minimize the short and
long-term impact of economic and epidemiological crises.

Universal health coverage emerges as a central issue for global health [33]. The study indi-
cates that significant disparities exist between low- and high-income countries in the areas of
health systems and coverage. Recent global agendas have emphasized the call for universal
health coverage, supported in part by the explicit inclusion of universal coverage in target 3.8
of the SDGs. Although there has been a substantial improvement in the indicator of effective
universal health coverage from 1990 to 2019, disparities still exist between nations, indicating
potential exacerbation by 2030 [34].

This paper underscored the potential losses due changes in the near future economic per-
spectives, but the COVID-19 pandemic impacts both the exposure factors, that is, the health
determinants, and the health effects: situations of morbidity and mortality. The latter effects
are still being tabulated at the global level, and thus far there is no clear scenario for the
impact’s size, but the effects will definitely lead to significant worsening in all the target
indicators, whether directly from the effect of reducing coverage in health services that were
already at their limit (saturated) during the pandemic, limiting their action on other fronts
[35], and indirectly, as in the case of mortality from violence, traffic accidents, and other
risk factors such as alcohol abuse, smoking, and psychological disorders caused by the com-
bination of the economic recession and social isolation. Preliminary studies indicate that
alterations in lifestyle, with the increase in physical inactivity and the high incidence of
mental disorders due to social isolation and the economic crisis, will be further reflected in
noncommunicable diseases in the medium and long term [36, 37]. Interestingly, noncom-
municable diseases are those with the least expected impact in this study, due to their lower
per capita GDP elasticity.

This study presents other noteworthy limitations. Firstly, the presence of missing data for
some indicators in specific income groups reduces the accuracy of the global evolution curves
and hampers cross-country comparisons, particularly among those at different income levels.
The discrepancies in the number of indicators across income groups and even among coun-
tries within the same group complicates the resolution of this issue. Excluding some indicators
to prioritize those with complete data coverage could potentially lead to even greater distor-
tions, obscuring crucial health phenomena. Keeping the estimations for all cases in which at
least 40% of the sample was available increases the significance of within group comparisons.
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Additionally, the global evolution curves may underplay the influence of local-specific fac-
tors, including epidemiological characteristics and the coverage and quality of the local health
system and services. To mitigate this concern, we incorporated local time-invariant effects and
regional dynamic effects into the model. Nevertheless, the ability of global curves to represent
country-specific phenomena depends on the significance of transnational factors in the deter-
mination of the health topic under study. For instance, if the set of health interventions and
outcomes for a specific disease is consistent across the world, a considerable share of cross-
country differences in mortality indicators could be attributed to variations in intervention
coverage and treatment availability (technology) across countries. As a result, this study’s
approach should be viewed as complementary to the analysis of individual countries’
trajectories.

An additional concern associates with the measure of the pandemic impact adopted. The
differences between the IMF’s growth projections in January 2020 and October 2021 obvi-
ously do not discriminate between the COVID-19 and other national and international
shocks. In any case, the pervasiveness of its consequences in society makes of the pandemic
the lead exogenous change in the period, so that the differences in the figures between these
specific reports can be seen as a good proxy for its impact. It is also worth mentioning that
the long-standing methodology adopted by the IMF captures the main economic forces
(and determinants) in play at the time, thus reflecting not only the effectiveness of the sani-
tary and mitigation policies adopted in response to the pandemic, which varied consider-
ably around the world (see [9] for a compilation), but also their repercussions in other
societal areas in each country.

Conclusions

The COVID-19 pandemic has delivered a devastating blow to global health, with its economic
repercussions throughout the 2020 decade threatening to widen existing disparities between
wealthy and low-income countries. This study investigated the potential impact of these eco-
nomic disruptions on progress towards the health-related SDG indicators.

The analysis was based on transnational trends captured by a regression model that extends
the Preston’s curve hypotheses to include other key health determinants. The approach proved
successful, showing significant parameters for the association between the GDP,,. and most
health indicators. The global curves also revealed important characteristics of the evolution of
each health-related indicator.

Comparisons between a baseline projection and a post-COVID-19 scenario revealed a con-
cerning trend: low-income countries are expected to suffer disproportionally from the eco-
nomic consequences of the pandemic. While low-income countries may face an average
economic growth loss of 42% compared with the baseline scenario, the average loss in in high-
income countries is of 7%. These disproportional figures are shown to exacerbate global health
inequalities revealed by the curves. The expected progress loss in infectious diseases in low-
income countries, for instance, is an average of 33.8%, against a mean of 6.4% in high-income
countries. Infectious diseases are followed by injuries and violence, maternal and reproductive
health, health systems coverage and maternal and infant health indicators as those that will
face the stronger blow. Low-income countries can expect an average progress loss of 16.5%
across all health indicators assessed, whereas in high-income countries the estimated loss is of
3%. The disparity across countries is even more pronounced, with cases where the estimated
progress loss is as high as nine times worse than the average loss of 8.4%. Conversely, countries
with greater fiscal capacity are likely to fare much better under the circumstances, despite their
worse death count, in many cases.
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It is essential to underscore that while we observed a consistent association between
increases in per capita Gross Domestic Production and improvements in the health indicators,
this empirical relationship does not imply a causal link. Indeed, multiple factors contribute to
the explanation of the health phenomena in each country, and economic growth can be just a
second order or indirect factor. This means that, against what some authors defended in the
past [38], economic growth cannot be effectively used to fight health issues directly.

A more in-depth investigation into the economic and social determinants of health is criti-
cal for facilitating effective action [2]. Future research should thus explore additional local-
level factors that may influence health outcomes alongside global economic trends. A more
detailed account of sanitary and other mitigation policies measures implemented by each
country can also be contrasted with the epidemiological profile and evolution of the disease in
each country to provide more insights on why some of them managed to perform so much bet-
ter than others in containing the spread of the disease and their socioeconomic consequences.

The study’s findings have significant implications for international public health policy. To
mitigate worldwide disparities in health, international cooperation and targeted support are
crucial to strengthen healthcare systems in low-income countries and ensure equitable progress
towards a healthier future for all. We contend that the SDGs serve as a vital tool for tackling
global development challenges. It offers internationally negotiated targets, indicators already
consolidated within a monitoring model, and a comprehensive and inclusive agenda for fight-
ing inequalities. By embracing the principles of the 2030 Agenda, we can pave the way for signif-
icant progress in addressing global health disparities and promoting sustainable development.
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