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ABSTRACT
Background Previous studies have observed that 
countries with the strongest levels of pandemic 
preparedness capacities experience the greatest levels 
of COVID- 19 burden. However, these analyses have been 
limited by cross- country differentials in surveillance 
system quality and demographics. Here, we address 
limitations of previous comparisons by exploring country- 
level relationships between pandemic preparedness 
measures and comparative mortality ratios (CMRs), a 
form of indirect age standardisation, of excess COVID- 19 
mortality.
Methods We indirectly age standardised excess COVID- 19 
mortality, from the Institute for Health Metrics and 
Evaluation modelling database, by comparing observed 
total excess mortality to an expected age- specific 
COVID- 19 mortality rate from a reference country to derive 
CMRs. We then linked CMRs with data on country- level 
measures of pandemic preparedness from the Global 
Health Security (GHS) Index. These data were used as 
input into multivariable linear regression analyses that 
included income as a covariate and adjusted for multiple 
comparisons. We conducted a sensitivity analysis using 
excess mortality estimates from WHO and The Economist.
Results The GHS Index was negatively associated with 
excess COVID- 19 CMRs (table 2; β= −0.21, 95% CI= 
−0.35 to −0.08). Greater capacities related to prevention 
(β= −0.11, 95% CI= −0.22 to −0.00), detection (β= 
−0.09, 95% CI= −0.19 to −0.00), response (β = −0.19, 
95% CI= −0.36 to −0.01), international commitments (β= 
−0.17, 95% CI= −0.33 to −0.01) and risk environments 
(β= −0.30, 95% CI= −0.46 to −0.15) were each 
associated with lower CMRs. Results were not replicated 
using excess mortality models that rely more heavily on 
reported COVID- 19 deaths (eg, WHO and The Economist).
Conclusion The first direct comparison of COVID- 19 
excess mortality rates across countries accounting for 
under- reporting and age structure confirms that greater 
levels of preparedness were associated with lower excess 
COVID- 19 mortality. Additional research is needed to 
confirm these relationships as more robust national- level 
data on COVID- 19 impact become available.

INTRODUCTION
The COVID- 19 pandemic has exposed the 
extent to which pandemic preparedness 
policies were inadequate and disjointed 
across the world.1 Over the first 2 years of the 
pandemic, COVID- 19 has infected over 40% 
of the global population2 while becoming the 
leading infectious cause of death.3 However, 
country- level metrics of pandemic prepar-
edness have been under increased scrutiny. 
Initial analyses of reported COVID- 19 burden 
against measures such as the WHO’s Joint 
External Evaluation, States Parties Annual 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Early analyses found that preparedness assessment 
tools, such as the Global Health Security (GHS) Index 
and WHO’s Joint External Evaluation, are positively 
correlated with crude COVID- 19 outcome measures.

 ⇒ These findings have raised significant debates about 
the contribution of pandemic preparedness capaci-
ties in supporting effective pandemic responses.

WHAT THIS STUDY ADDS
 ⇒ When we account for under- reporting and popu-
lation age structure, our analysis of 183 countries 
confirms the expected relationship to preparedness 
illustrating that efforts to prepare for and respond to 
pandemics before they occur are effective in reduc-
ing mortality during global health emergencies.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ With unprecedented increases in development as-
sistance towards pandemic preparedness in low- 
income to middle- income countries, the results of 
these analyses provide countries with a list of ca-
pacities that can be improved to directly modulate 
their vulnerability to the current pandemic and future 
public health emergencies.
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Report and the Global Health Security (GHS) Index have 
found that countries with the strongest levels of capacities 
experience the greatest levels of COVID- 19 infection and 
mortality rates.4–8 These paradoxical results have raised 
major debates about the contribution of public health 
capacities in supporting effective pandemic responses.9–11

However, country- level comparisons of COVID- 19 
outcomes and their preparedness capacities are subject 
to limitations owing to a lack of consistent and stan-
dardised reporting. Factors such as surveillance system 
quality and varying age–sex structures contribute to 
observed variability in how countries report COVID- 19 
outcomes and respond to the pandemic. For example, 
countries differ in their capacities to diagnose COVID- 19 
cases, determine cause of death and to aggregate and 
report these data into national surveillance systems.12 13 
Countries with more capacities to perform diagnostic 
tests, determine cause of death and publish mortality 
data may show higher COVID- 19 case and death statistics 
than those with less ability to do so. Similarly, countries 
with less capacity may under- test, undercount and under- 
report COVID- 19 cases and deaths. Previous studies 
have demonstrated that under- reporting of COVID- 19 
mortality by factors of 50- fold to 100- fold is common in 
countries with weaker testing and surveillance systems.3 14 
For these reasons, excess deaths may be used as a proxy 
measure for COVID- 19- related mortality, as this measure 
relies less on countries’ capacities to specifically diagnose 
COVID- 19.15–17

Previous direct comparisons of countries’ outcomes 
during the pandemic also may not fully account for cross- 
country demographic differences that make some coun-
tries more vulnerable to COVID- 19 deaths than others. 
For example, age has consistently ranked as the most 
important risk factor for COVID- 19 mortality.18 19 There-
fore, populations with a larger proportion of elderly 
people have increased vulnerability to severe COVID- 19 
disease.20–23 A country’s underlying risk for severe illness 
may also play a role in how likely infections are to be 
detected,24 as disease severity has been shown to influ-
ence whether diseases will be detected in surveillance 
efforts.25 Thus, in assessing country- level differences in 
mortality during the pandemic, it is critical to adjust for 
differences in age structures.

Here, we address limitations of previous comparisons by 
exploring country- level relationships between pandemic 
preparedness measures and indirectly age- standardised 
COVID- 19 excess mortality among 183 countries. To 
adjust for differences in countries’ surveillance capacities 
and age structure, we calculated national- level compara-
tive mortality ratios (CMRs), a form of indirect age stan-
dardisation, during the COVID- 19 pandemic. We used 
the GHS Index as a measure of national preparedness, 
as it includes data on 195 countries’ capacities to carry 
out necessary functions for preventing, detecting and 
responding to infectious diseases.26 This analysis allows 
us to assess the relationship between pandemic prepared-
ness and COVID- 19 mortality, accounting for biases in 

national COVID- 19 statistics due to under- reporting and 
age- structure. Results from this analysis will yield urgent 
insights on the role of health security capacities in miti-
gating the impact of the current pandemic and future 
public health emergencies.

METHODS
Data sources
We collated data on country- level capacities and prepared-
ness against biological threats from the GHS Index. The 
measurement quantifies country’s abilities or potential to 
carry out public health functions necessary for infectious 
disease outbreak prevention, detection and response. 
The index is comprised of six categories of preparedness 
(prevention, detection and reporting, rapid response, 
health system, compliance with international norms, risk 
environment), which are composed of various indicators 
and subindicators assessed by publicly available data for 
195 countries. Data on the GHS Index, its 6 categories, 
all 37 indicators and a subset of subindicators identified 
a priori were extracted for analyses. Further details of 
input data and methodology of the index have previously 
been described in detail.26

We used country- level data on total COVID- 19 excess 
mortality from the Institute for Health Metrics and Evalu-
ation’s (IHME’s) modelled estimates covering COVID- 19 
excess deaths from 1 January 2020 to 31 December 2021. 
IHME has previously published their estimation strategy 
and input data sources in detail.3 Excess mortality is an 
important measure of the true mortality impact from the 
pandemic as it is the net difference between observed 
all- cause mortality during the pandemic and mortality 
expected under normal conditions.

To facilitate computation of CMRs, we extracted age- 
specific COVID- 19 mortality data from the demography 
of COVID- 19 deaths database.27 The database contains 
daily COVID- 19 death counts by age, sex and time for 
22 countries covering Europe, North America and North-
east Asia from April 2020 to April 2022. For this analysis, 
we extracted the most recent cumulative COVID- 19 
mortality counts in April 2022. We further obtained 
country- specific single age population counts from the 
United Nations (UN) for the most recent data available.

Outcome measurement
Using COVID- 19 excess mortality estimates with indirect 
age standardisation methods, we can directly compare 
excess mortality rates across countries for the first time 
using CMRs. Direct age standardisation requires detailed 
data on COVID- 19 mortality by age, which are currently 
unavailable for most countries. The CMR, however, is a 
form of indirect age standardisation that borrows an age 
structure of mortality from a reference country so that 
only the age distribution of the countries of interest is 
required. CMRs have been widely used in epidemiologic 
studies to compare mortality across countries, including 
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Table 1 Pearson r correlation coefficients between 2021 Global Health Security indicators and comparative COVID- 19 
excess mortality ratio

Pandemic preparedness capacity Pearson r P value

Global Health Security Index Score −0.392 <0.0001

  Prevention score −0.322 <0.0001

   (1.1) Antimicrobial resistance −0.330 <0.0001

   (1.2) Zoonotic disease −0.260 0.0006

   (1.3) Biosecurity −0.280 0.0002

   (1.4) Biosafety −0.241 0.0015

   (1.5) Dual- use research and culture of responsible science −0.120 0.1180

   (1.6) Immunisation −0.143 0.0620

  Detection score −0.255 0.0007

   (2.1) Laboratory systems strength and quality −0.136 0.0746

    (2.1.1) Lab capacity for detecting priority diseases −0.146 0.0552

    (2.1.2) Laboratory quality systems −0.099 0.1980

   (2.2) Laboratory supply chains −0.202 0.0080

   (2.3) Real- time surveillance and reporting −0.117 0.1275

   (2.4) Surveillance data accessibility and transparency −0.305 <0.0001

   (2.5) Case- based investigation −0.183 0.0166

   (2.6) Epidemiology workforce −0.110 0.1506

  Response score −0.336 <0.0001

   (3.1) Emergency preparedness and response planning −0.270 0.0003

    (3.1.1) National public health emergency preparedness plan −0.225 0.0030

    (3.1.3) Non- pharmaceutical interventions planning −0.238 0.0017

   (3.2) Exercising response plans −0.123 0.1074

   (3.3) Emergency response operation −0.027 0.7290

   (3.4) Linking public health and security authorities −0.224 0.0031

   (3.5) Risk communication −0.232 0.0022

   (3.6) Access to communications infrastructure −0.402 <0.0001

   (3.7) Trade and travel restrictions 0.042 0.5812

  Health system score −0.290 0.0001

   (4.1) Health capacity in clinics, hospitals and community care centres −0.412 <0.0001

    (4.1.2) Facilities capacity −0.312 <0.0001

   (4.2) Supply chain for health system and healthcare workers −0.218 0.0040

   (4.3) Medical countermeasures and personnel deployment −0.112 0.1440

   (4.4) Healthcare access 0.135 0.0780

   (4.5) Communications with healthcare workers during health emergency −0.185 0.0150

   (4.6) Infection control practices −0.286 0.0001

   (4.7) Capacity to test and approve new medical countermeasures −0.103 0.1799

  International norms score −0.215 0.0046

   (5.1) IHR reporting compliance and disaster risk reduction 0.052 0.4948

   (5.2) Cross- border agreements on public health emergency response −0.301 0.0001

   (5.3) International commitments −0.250 0.0009

   (5.4) JEE and PVS 0.171 0.0245

   (5.5) Financing −0.057 0.4605

   (5.6) Commitment to sharing of genetic and biological data and specimens −0.110 0.1517

  Risk environment score −0.590 <0.0001

Continued
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in comparisons of COVID- 19 outcomes.28 We computed 
the CMR using the following formula:

 
CMRc = Excess COVID deathsc∑ A

i us
i×pc

i   
where c represents the country of interest, u is the 
COVID- 19 mortality for the S standard country at i age 
group where A is the maximum age group and p is the 
population size for c country at i age group.

We used the USA as the reference country during 
computations of the CMR. Thus, we first computed age- 
specific cumulative mortality rates for the USA using age- 
specific COVID- 19 death counts from the demography 
of COVID- 19 deaths database and population sizes from 
the UN for the corresponding age ranges. Age- specific 
mortality rates for the USA were linked with age- specific 
population sizes of each country to derive expected 
mortality. We subsequently computed country- specific 
CMRs by dividing observed excess COVID- 19 deaths 
from IHME and expected mortality. A CMR greater than 
one represents an increase in mortality relative to the 
reference population and CMR less than one represents 
a decrease in mortality relative to the standard.

CMR values were nearly identical (Pearson r values 
ranging from 0.98 to 1) when comparing CMRs that 
used the other 21 countries with available age- specific 
COVID- 19 mortality data as the reference (online supple-
mental figure S1).

Statistical analyses
We employed Pearson r correlations to initially explore 
associations between GHS measures and COVID- 19 
CMRs among 183 countries. We then used multiple 
linear regression analyses to further evaluate the 
relationships. Because the GHS measures are highly 
correlated and to prevent unnecessary adjustment for 

variables that may potentially bias results,29 we used 
bivariate regressions to observe each relationship inde-
pendent of the other indicators. However, in each linear 
regression, we included gross domestic product (GDP) 
per capita to account for potential confounding identi-
fied a priori.

To adjust for possible heteroscedasticity in our regres-
sions, we constructed CIs with robust standard errors.30 
We further adjusted our CIs to account for the issue of 
testing multiple hypotheses (n=57) by using a Bonferroni 
correction, which changed our desired α of 0.05 to a cut- 
off at 0.0009. The coefficients and the corresponding 
CIs represent differences in CMRs associated with 
5- point differences in the GHS measures, where negative 
effect sizes represent lower CMR values associated with 
greater levels of GHS capacities. Since all measures are 
normalised, ranging from 0 to 100, the coefficients are 
directly comparable.

We conducted a series of one- way sensitivity analyses to 
assess the robustness of our results. We first performed 
a sensitivity analysis where we used the 2019 edition 
of the GHS Index as input into our regressions rather 
than the 2021 edition as in our primary analyses. While 
our primary focus was on assessing the relationship of 
preparedness (eg, public health and medical capacities) 
on excess mortality, countries’ COVID- 19 response/
mitigation strategies may impact excess deaths. To 
examine this, we conducted a sensitivity analysis where 
we included the Oxford Stringency Index (SI),31 as a 
country- level covariate quantifying COVID- 19 responses, 
in our regressions. We conducted a final one- way sensi-
tivity analysis where we used excess mortality estimates 
from the WHO32 and The Economist.33 In this sensitivity 
analysis, we included excess mortality data from all three 

Pandemic preparedness capacity Pearson r P value

   (6.1) Political and security risk −0.568 <0.0001

    (6.1.1) Government effectiveness −0.603 <0.0001

   (6.2) Socioeconomic resilience −0.508 <0.0001

    (6.2.3) Social inclusion −0.408 <0.0001

    (6.2.4) Public confidence in government −0.369 <0.0001

    (6.2.6) Inequality −0.170 0.0260

   (6.3) Infrastructure adequacy −0.524 <0.0001

   (6.4) Environmental risks −0.106 0.1659

   (6.5) Public health vulnerabilities −0.480 <0.0001

    (6.5.1) Access to quality healthcare −0.112 0.1449

    (6.5.4) Trust in medical and health advice −0.220 0.0037

     (6.5.4a) Trust medical and health advice from the government −0.149 0.0511

     (6.5.4b) Trust medical and health advice from medical workers −0.243 0.0013

Some risk environment category capacities including political and security risk, inequality, environmental risks, public health vulnerabilities 
are reverse coded such that higher levels indicate lower risks.
IHR, International Health Regulations; JEE, Joint External Evaluation; PVS, Performance Veterinary Services.

Table 1 Continued
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sources representing two time periods including 2020 
only and 2020 through 2021.

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

RESULTS
Descriptive statistics
The 2021 GHS Index ranged from 16.0 to 75.9 with a 
global population weighted average of 45.2 (online 
supplemental figure S2). When stratified by IHME GBD 
super- regions,34 the Sub- Saharan Africa region had the 
lowest GHS Score at 32.9 while the high- income region 
had the highest score at 65.8 (online supplemental table 
S1). The CMR for COVID- 19 excess mortality ranged 
from −0.33 to 14.3 with a global population weighted 
average of 1.79 (online supplemental figure S3). Super- 
regions with the largest population weighted averages 
included Latin America and Caribbean (3.28), North 
Africa and Middle East (2.90) and Sub- Saharan Africa 
(2.85) (online supplemental table S1).

Correlations
Country- level correlations among the GHS Index, GHS 
Index categories and subindicators on COVID- 19 CMRs 
are displayed in table 1. Prior to age standardisation, 
there was a weak positive correlation between the GHS 
Index and observed COVID- 19 excess mortality rate 
(r=0.11, p value=0.14, online supplemental figure S4). 
After applying indirect standardisation with derivations 
of CMRs, we found a moderate correlation in the nega-
tive direction between the GHS Index and CMR (r= 
−0.39, p value≤0.0001; figure 1). Correlations remained 
moderate and in the negative direction when exam-
ining the six GHS categories (figure 2): prevention of 
the emergence of pathogens (r= −0.32, p value≤0.0001), 
early detection for epidemics (r= −0.25, p value=0.0007), 
rapid response to the spread of pathogens (r= −0.34, p 
value≤0.0001), health system capacity to treat (r= −0.29, p 
value=0.0001), commitments to improve national capac-
ities (r= −0.21, p value=0.0046) and risk environment for 
biological threats (r= −0.59, p value≤0.0001).

When examining the 37 indicators and 13 select 
subindicators, 30 of these capacities were negatively 
correlated with CMR with a p value below 0.05 but 18 
of these were statistically significant when accounting for 

Figure 1 Relationship between the 2021 Global Health Security Index and comparative COVID- 19 excess mortality ratio. The 
blue points represent countries while the line represents the linear regression line for the relationship between the 2021 Global 
Health Security Index and comparative COVID- 19 excess mortality ratios with the shaded area representing the corresponding 
CI.
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the Bonferroni correction. Indicators with the largest 
correlations included the following: political and secu-
rity risks (r= −0.57), infrastructure adequacy (r= −0.52), 
socioeconomic resilience (r= −0.51), public health 
vulnerabilities (r= −0.48) and healthcare capacities (r= 
−0.41). Other notable indicators associated with CMR 
were surveillance data accessibility and transparency (r= 
−0.31), emergency preparedness plans (r= −0.27) and 
risk communication strategies (r= −0.23). Correlations 
were similar when assessing the government effectiveness 
(r= −0.60, p value≤0.0001), public confidence in govern-
ment (r= −0.37, p value≤0.0001) and trust in health 
advice (r= −0.22, p value=0.003) subindicators (online 
supplemental figure S5).

Multivariable analyses
After adjustment for GDP per capita, the GHS Index 
remained negatively associated with COVID- 19 CMRs 
(table 2; β= −0.21, 95% CI= −0.37 to −0.06). The results 
indicate that each 5- point increase in the GHS Index 
was associated with a 0.21 lower CMR. Almost all GHS 
categories remained associated with COVID- 19 CMRs 
after adjustment with the exception of the health system 
capacity (β= −0.10, 95% CI= −0.23 to 0.02). That is, greater 
capacities related to prevention (β= −0.11, 95% CI= 
−0.22 to −0.00), detection (β= −0.09, 95% CI= −0.19 to 
−0.00), response (β= −0.19, 95% CI= −0.36 to −0.01), 

international commitments (β= −0.17, 95% CI= −0.33 to 
−0.01) and risk environments (β= −0.30, 95% CI= −0.46 to 
−0.15) were each associated with lower COVID- 19 CMRs 
after holding income constant.

Indicators related to prevention capacities that 
remained associated with COVID- 19 CMR were zoonotic 
disease (β= −0.09, 95% CI= −0.18 to −0.00) and immu-
nisation (β= −0.08, 95% CI= −0.15 to −0.01) capacities. 
For detection, laboratory capacity for detecting priority 
diseases (β= −0.06, 95% CI= −0.11 to −0.00) and case- 
based investigation tools (β= −0.09, 95% CI= −0.16 to 
−0.01) remained negatively related to COVID- 19 CMR. 
The indicators for response capacities that were negatively 
associated with COVID- 19 CMR included emergency 
preparedness and response planning (β= −0.07, 95% CI= 
−0.15 to −0.00) and access to communications infrastruc-
ture (β= −0.17, 95% CI= −0.30 to −0.04). Though the 
health system capacity category did not remain related to 
COVID- 19 CMR, the health capacity in healthcare setting 
indicator was associated with COVID- 19 CMR (β= −0.10, 
95% CI= −0.20 to −0.00). The cross- border agreement 
indicator was the only indicator within the international 
norms category that remained negatively related to the 
COVID- 19 CMR (β= −0.07, 95% CI= −0.13 to −0.01).

The risk environment category had the largest effect 
size for the six categories such that each 5- point increase 

Figure 2 Relationships between the 2021 Global Health Security index categories and comparative COVID- 19 excess 
mortality ratio. The black points represent countries while the blue lines represent linear regression lines for the relationships 
between 2021 Global Health Security Index categories and comparative COVID- 19 excess mortality ratios with the shaded 
areas representing corresponding CIs.
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Table 2 Unadjusted and income- adjusted effect sizes and corresponding 95% CIs using robust standard errors of 2021 
Global Health Security measures on comparative COVID- 19 excess mortality ratio

Pandemic preparedness capacity

Unadjusted analysis Income- adjusted analysis

Coefficient
(95% CI) P value

Coefficient
(95% CI) P value

Global Health Security Index Score −0.29 (−0.39 to −0.19) <0.0001 −0.21 (−0.37 to −0.06) 0.0015

  Prevention score −0.19 (−0.26 to −0.11) <0.0001 −0.11 (−0.22 to −0.00) 0.0189

   (1.1) Antimicrobial resistance −0.09 (−0.14 to −0.05) 0.0006 −0.05 (−0.12 to 0.02) 0.0918

   (1.2) Zoonotic disease −0.15 (−0.23 to −0.08) 0.0008 −0.09 (−0.18 to −0.00) 0.0412

   (1.3) Biosecurity −0.11 (−0.17 to −0.06) 0.0014 −0.05 (−0.13 to 0.04) 0.1814

   (1.4) Biosafety −0.07 (−0.11 to −0.03) 0.0050 −0.03 (−0.09 to 0.03) 0.2117

   (1.5) Dual- use research and culture of responsible science −0.12 (−0.22 to −0.02) 0.1118 −0.04 (−0.14 to 0.06) 0.5843

   (1.6) Immunisation −0.09 (−0.15 to −0.04) 0.0022 −0.08 (−0.15 to −0.01) 0.0063

  Detection score −0.14 (−0.21 to −0.07) 0.0009 −0.09 (−0.19 to −0.00) 0.0314

   (2.1) Laboratory systems strength and quality −0.06 (−0.11 to −0.02) 0.0179 −0.05 (−0.11 to 0.02) 0.0687

    (2.1.1) Lab capacity for detecting priority diseases −0.07 (−0.12 to −0.02) 0.0110 −0.06 (−0.11 to −0.00) 0.0319

    (2.1.2) Laboratory quality systems −0.03 (−0.07 to 0.01) 0.0857 −0.02 (−0.07 to 0.03) 0.2451

   (2.2) Laboratory supply chains −0.04 (−0.10 to 0.02) 0.2437 0.02 (−0.07 to 0.12) 0.4642

   (2.3) Real- time surveillance and reporting −0.04 (−0.08 to 0.01) 0.1828 −0.02 (−0.08 to 0.04) 0.4323

   (2.4) Surveillance data accessibility and transparency −0.09 (−0.13 to −0.05) 0.0010 −0.04 (−0.11 to 0.03) 0.1515

   (2.5) Case- based investigation −0.12 (−0.18 to −0.05) 0.0012 −0.09 (−0.17 to −0.01) 0.0121

   (2.6) Epidemiology workforce −0.06 (−0.12 to 0.00) 0.0299 −0.07 (−0.15 to 0.01) 0.0095

  Response score −0.27 (−0.39 to −0.15) <0.0001 −0.19 (−0.36 to −0.01) 0.0107

   (3.1) Emergency preparedness and response planning −0.11 (−0.18 to −0.05) 0.0012 −0.07 (−0.15 to −0.00) 0.0346

    (3.1.1) National public health emergency preparedness 
plan

−0.09 (−0.13 to −0.04) 0.0022 −0.05 (−0.11 to 0.01) 0.0982

    (3.1.3) Non- pharmaceutical interventions planning −0.06 (−0.10 to −0.02) 0.0070 −0.04 (−0.09 to 0.01) 0.0460

   (3.2) Exercising response plans −0.09 (−0.22 to 0.05) 0.1955 −0.11 (−0.29 to 0.06) 0.0822

   (3.3) Emergency response operation −0.04 (−0.12 to 0.03) 0.3285 −0.06 (−0.16 to 0.04) 0.1429

   (3.4) Linking public health and security authorities −0.05 (−0.08 to −0.02) 0.0087 −0.02 (−0.06 to 0.03) 0.4016

   (3.5) Risk communication −0.11 (−0.19 to −0.04) 0.0034 −0.07 (−0.17 to 0.02) 0.0556

   (3.6) Access to communications infrastructure −0.20 (−0.29 to −0.12) <0.0001 −0.17 (−0.30 to −0.04) 0.0010

   (3.7) Trade and travel restrictions 0.03 (−0.02 to 0.08) 0.4461 0.03 (−0.03 to 0.10) 0.3016

  Health system score −0.18 (−0.26 to −0.09) <0.0001 −0.10 (−0.23 to 0.02) 0.0292

   (4.1) Health capacity in clinics, hospitals and community 
care centres

−0.18 (−0.24 to −0.11) <0.0001 −0.10 (−0.20 to −0.00) 0.0341

    (4.1.2) Facilities capacity −0.10 (−0.15 to −0.05) 0.0004 −0.06 (−0.13 to 0.02) 0.0528

    (4.2) Supply chain for health system and healthcare 
workers

−0.10 (−0.17 to −0.04) 0.0033 −0.06 (−0.14 to 0.03) 0.0962

    (4.3) Medical countermeasures and personnel 
deployment

−0.06 (−0.12 to −0.01) 0.0853 −0.02 (−0.09 to 0.04) 0.4878

    (4.4) Healthcare access 0.02 (−0.21 to 0.26) 0.7913 −0.05 (−0.34 to 0.24) 0.5228

    (4.5) Communications with healthcare workers during 
health emergency

−0.06 (−0.11 to −0.01) 0.0584 −0.02 (−0.09 to 0.04) 0.4056

    (4.6) Infection control practices −0.06 (−0.09 to −0.03) 0.0002 −0.03 (−0.07 to 0.01) 0.0928

    (4.7) Capacity to test and approve new medical 
countermeasures

−0.08 (−0.15 to −0.02) 0.0032 −0.06 (−0.15 to 0.03) 0.0382

  International norms score −0.21 (−0.34 to −0.08) 0.0007 −0.17 (−0.33 to −0.01) 0.0055

   (5.1) IHR reporting compliance and disaster risk reduction 0.01 (−0.05 to 0.08) 0.6763 0.01 (−0.07 to 0.08) 0.8471

Continued
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in the risk environment was associated with a 0.30 lower 
CMR after holding income constant. Notable risk envi-
ronment indicators that remained associated with 
COVID- 19 CMR included government effectiveness (β= 
−0.21, 95% CI= −0.32 to −0.10), socioeconomic resilience 
(β= −0.23, 95% CI= −0.35 to −0.11), public confidence 
in government (β= −0.08, 95% CI= −0.14 to −0.02) and 
public health vulnerabilities (β= −0.21, 95% CI= −0.36 to 
−0.06).

One-way sensitivity analyses
The results were nearly identical when using the 2019 iter-
ation of the GHS Index (online supplemental table S2). 
The results were also largely consistent when including 
the SI as a covariate in our regression as our effect sizes 
were only slightly larger when including the SI at −0.27 
(−0.41 to −0.12) for the GHS Index (online supplemental 
table S3). However, in our third one- way sensitivity anal-
ysis where we used excess mortality estimates from the 

WHO and The Economist, the relationships between 
the GHS Index and CMR become null (online supple-
mental table S4). The income- adjusted effect sizes for the 
GHS Index on CMR were 0.07 (95% CI= −0.05 to 0.12) 
for the WHO and 0.01 (95% CI= −0.05 to 0.08) for The 
Economist. The risk environment category was the only 
capacity that remained negatively associated with CMR 
when using the other sources of excess mortality data.

DISCUSSION
There are multiple factors that create a challenging 
environment for fully understanding the impact of 
COVID- 19 relative to existing external assessments. 
Some factors include consistent generation of high- 
quality data, availability of and competition for scarce 
resources such as PPE and vaccines, and imperfect 
understandings of variation between and within popula-
tions. For example, the availability of comparable data 

Pandemic preparedness capacity

Unadjusted analysis Income- adjusted analysis

Coefficient
(95% CI) P value

Coefficient
(95% CI) P value

   (5.2) Cross- border agreements on public health 
emergency response

−0.09 (−0.13 to −0.05) <0.0001 −0.07 (−0.13 to −0.01) 0.0007

   (5.3) International commitments −0.10 (−0.15 to −0.05) 0.0001 −0.06 (−0.14 to 0.01) 0.0170

   (5.4) JEE and PVS 0.08 (0.01 to 0.16) 0.0462 0.03 (−0.07 to 0.13) 0.4465

   (5.5) Financing −0.04 (−0.12 to 0.04) 0.3288 −0.07 (−0.17 to 0.02) 0.0899

   (5.6) Commitment to sharing of genetic and biological 
data and specimens

−0.14 (−0.27 to −0.01) 0.1577 −0.05 (−0.21 to 0.11) 0.6072

  Risk environment score −0.33 (−0.41 to −0.25) <0.0001 −0.30 (−0.46 to −0.15) <0.0001

   (6.1) Political and security risk −0.19 (−0.25 to −0.13) <0.0001 −0.15 (−0.26 to −0.03) 0.0006

    (6.1.1) Government effectiveness −0.21 (−0.27 to −0.16) <0.0001 −0.21 (−0.32 to −0.10) <0.0001

   (6.2) Socioeconomic resilience −0.26 (−0.34 to −0.18) <0.0001 −0.23 (−0.35 to −0.11) <0.0001

    (6.2.3) Social inclusion −0.17 (−0.22 to −0.11) <0.0001 −0.13 (−0.21 to −0.04) 0.0001

    (6.2.4) Public confidence in government −0.10 (−0.15 to −0.06) <0.0001 −0.08 (−0.14 to −0.02) 0.0010

    (6.2.6) Inequality −0.11 (−0.19 to −0.03) 0.0009 −0.11 (−0.21 to −0.01) 0.0006

   (6.3) Infrastructure adequacy −0.16 (−0.21 to −0.11) <0.0001 −0.11 (−0.20 to −0.01) 0.0072

   (6.4) Environmental risks −0.08 (−0.23 to 0.08) 0.3060 −0.04 (−0.23 to 0.15) 0.5489

   (6.5) Public health vulnerabilities −0.30 (−0.39 to −0.22) <0.0001 −0.21 (−0.36 to −0.06) 0.0022

    (6.5.1) Access to quality healthcare −0.23 (−0.49 to 0.02) 0.0587 −0.27 (−0.59 to 0.05) 0.0228

    (6.5.4) Trust in medical and health advice −0.06 (−0.10 to −0.01) 0.0719 −0.01 (−0.08 to 0.05) 0.6724

     (6.5.4a) Trust medical and health advice from the 
government

−0.02 (−0.06 to 0.02) 0.5348 0.01 (−0.04 to 0.06) 0.6524

     (6.5.4b) Trust medical and health advice from medical 
workers

−0.08 (−0.13 to −0.03) 0.0088 −0.04 (−0.11 to 0.04) 0.2026

Effect sizes compare a 5- score difference in each index; separate regressions were implemented for each Global Health Security Index 
measure to assess the effect of the measure independent of other indicators. The unadjusted analysis does not include any covariates 
while the adjusted analysis includes 2019 gross domestic product per capita as a covariate in each regression. 95% CIs constructed 
using robust standard errors and taking into account the Bonferroni correction. Some risk environment category capacities including 
political and security risk, inequality, environmental risks, public health vulnerabilities are reverse coded such that higher levels indicate 
lower risks.
IHR, International Health Regulations; JEE, Joint External Evaluation; PVS, Performance Veterinary Services.

Table 2 Continued
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is a persistent challenge with international comparisons 
of COVID- 19 outcomes. Detailed age- specific mortality 
rates are currently only available for 22 countries. 
COVID- 19 case counts are further affected by variable 
country- specific testing capacity, inclusion criteria and 
reporting. Data on COVID- 19 deaths are similarly limited 
and under- reported due to differences in vital statistics 
performance across the world. Additionally, the effect of 
intense competition for vaccines clearly suggests a strong 
influence of national wealth on COVID- 19 outcomes. 
However, higher- income countries also tend to have older 
populations. Thus, examinations of excess mortality that 
are adjusted for age provides urgent information for 
assessing the role health security capacities have in miti-
gating COVID- 19 burden.

This analysis therefore represents the first direct 
comparison of COVID- 19 excess mortality rates across 
countries that accounts for under- reporting and national 
age structure. We found that after adjustment for 
income, higher GHS Index scores were associated with 
lower CMRs for excess COVID- 19 mortality. The adjusted 
analysis confirms the expected relationship to prepared-
ness illustrating that efforts to prepare for and respond 
to pandemics before they occur are effective in reducing 
mortality during global health emergencies. Having 
existing capacities and infrastructures in place therefore 
provides urgent resources that countries can use to miti-
gate the impact of infectious disease threats.

Our findings underscore that the core pandemic 
preparedness capacities of infectious disease preven-
tion, detection and response are each associated with 
lower excess COVID- 19 deaths. For example, prevention 
capacities may have reduced excess COVID- 19 deaths 
by impeding the emergence of other infectious disease 
outbreaks35 36 that may have further burdened health 
systems and contributed to more mortality during the 
pandemic. In this context, our finding that the preven-
tion indicator of immunisation capacities and rates 
being associated with fewer excess deaths is expected 
as this capacity likely minimised the number of vaccine 
preventable deaths37–39 and provided an infrastructure 
for successful COVID- 19 vaccination programmes.40 41

We further observed that detection capacities, specif-
ically capacities related to laboratory systems for detec-
tion of priority diseases and case- based investigations, 
were associated with less excess COVID- 19 deaths. These 
findings are aligned with previous work illustrating that 
these capacities allow for early identification of cases,42 43 
which increase the likelihood of early access to treatment, 
isolation of cases to minimise disease transmission and 
supports the effectiveness of mitigation strategies.44–46 
These early detection capacities therefore contribute to 
improved health outcomes and fewer excess deaths.14 In 
addition, the finding that case- based investigation capac-
ities were associated with reductions in excess deaths 
is consistent with previous work illustrating that these 
strategies reduced COVID- 19 transmission47 48 and case 
fatality rates.49

Our findings also confirm that capacities for rapid 
responses to mitigate disease spread are associated 
with reduced COVID- 19 burden.50–52 In particular, our 
results indicate that having a framework for emergency 
preparedness and response, which includes having 
health emergency plans, non- pharmacological interven-
tion plans and considerations of vulnerable populations, 
is associated with fewer excess COVID- 19 deaths. We may 
have observed this relationship owing to previous inves-
tigations finding that a lack of health emergency plans 
may lead to ineffective implementation of mitigation 
strategies.53–55 Therefore, having a framework for emer-
gency response equips countries with existing strategies 
that they can draw on during emergencies. Another 
response capacity that was related to reduced excess 
deaths was access to communication infrastructure. A 
myriad of studies has indicated that communication 
of disease risks increases knowledge of the disease56–58 
and adherence to interventions,59 60 with some studies 
suggesting that risk communication is one of the most 
effective COVID- 19 mitigation strategies.61 62 We may 
have found a strong relationship for communication 
infrastructure, as this capacity may have been essential 
for implementation of risk communication strategies in 
populations.

However, we did not observe an association between 
the health system category, a metric of health systems’ 
abilities to successfully treat patients, and excess deaths 
after adjustment for multiple hypotheses. Though we did 
not find an association, there is still evidence that greater 
health system capacities are associated with fewer excess 
deaths as our results trended in that direction, and our 
sensitivity analysis where we adjust for COVID- 19 miti-
gation strategies demonstrated the expected relation-
ship. Further, there are numerous studies confirming 
that greater health system capacities are indeed associ-
ated with less COVID- 19 burden by improving treatment 
outcomes,63–65 and that stronger health systems can mini-
mise disruptions to essential services66 67 and therefore 
subsequently advert excess deaths. Our findings also 
show that capacity in healthcare settings, a core indicator 
of health system performance assessing available human 
resources and hospital beds in countries, was negatively 
related with excess COVID- 19 deaths. Recent evidence 
indicates that settings with fewer human resources 
in healthcare settings are more vulnerable to excess 
COVID- 19 deaths due to greater disruptions to essential 
health services.68 Therefore, considering that there was 
an effect without correction for multiple hypotheses, our 
finding for healthcare capacity, the results from the sensi-
tivity analysis and prior research, there is evidence that 
investments in health systems can modulate pandemic 
outcomes. It is important to amass timely and accurate 
global data to more fully measure the strength and resil-
ience of health systems to respond to infectious disease 
emergencies, while also meeting countries’ full set of 
health needs. Future studies should re- evaluate the 
role of health systems in supporting effective pandemic 
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responses as global metrics of health system capacities 
improve.

Furthermore, we observed that other core GHS capac-
ities, adherence to global norms and risk environment, 
not regularly assessed by other measures of pandemic 
preparedness were associated with diminished mortality. 
In regard to adherence to international norms, our find-
ings provide empirical evidence that cross- border agree-
ments are beneficial during a pandemic. For example, 
countries in the European Union shared the burden 
of the pandemic, as countries accepted hospitalised 
patients from overwhelmed countries, borders remained 
open to healthcare workers and those seeking medical 
care, and they shared essential knowledge.69 While these 
cross- border agreements have been shown to be difficult 
to implement due to differing country- specific rules and 
priorities,70 our results provide quantitative evidence that 
these collaborations can play a critical role in adverting 
deaths and major disruptions in care.

Finally, the GHS Index category that had the stron-
gest and consistent relationship with excess COVID- 19 
mortality was the risk environment. The risk environ-
ment category assesses the socioeconomic, political, 
regulatory and ecological factors that increase vulner-
ability to outbreaks.71 A notable risk environment 
indicator that was associated with excess deaths was 
government effectiveness, which captures governments’ 
abilities to efficiently formulate and implement policies 
and accountability of public officials. This indicator was 
likely an important factor in cross- country variation of 
excess deaths as this capacity provides a framework for 
proactive policies to ensure supply of medical equipment 
and rapid implementation of interventions.72 73 We also 
found that levels of inequalities and social exclusion were 
each associated with fewer excess deaths. Across various 
countries investigations have highlighted that COVID- 19 
disproportionately affects vulnerable populations, as they 
are the least protected and often face the greatest risk 
from COVID- 19.74–77 These discrepancies further prop-
agate the pandemic and serve to exacerbate existing 
inequalities.78 Countries with lower levels of inequality 
were likely able to craft equitable responses that contrib-
uted to lower excess deaths and thus future preparedness 
plans should include measures to reduce disparities.79

The risk environment may be a primary reason why the 
US response was disjointed compared with other high- 
income countries. Despite the US ranking the highest 
in the GHS Index, the USA had the 41st smallest CMR 
and 30th largest risk environment score among the 57 
high- income countries included in this analysis. While 
countries such as Iceland, Australia and New Zealand 
had the top 4 lowest CMRs and in the top 20 in risk envi-
ronment. Evidence suggests that New Zealand was able 
to mount a success response because of strong leader-
ship coordinating with many institutions to implement 
response measures in real- time, prioritisation of vulner-
able populations in responses, effective communica-
tion strategies that induced population- wide support of 

responses and swift institutional approval of pandemic 
tools.80 81 Responses in Australia82 and Iceland83 also 
benefited from similarly strong, rapid and coordinated 
responses. While the USA has a multitude of pandemic 
capacities, the US response was fragmented due to states 
implementing different control strategies,84 early institu-
tional rules preventing rapid mobilisation of diagnostic 
equipment85 and mixed communication that potentially 
harmed compliance in response measures.86

Overall, our analysis confirms that after adjustment 
for population age distribution and under- reporting of 
deaths, there are the expected country- level relation-
ships between pandemic preparedness capacities and 
COVID- 19 outcomes. Even after adjustment for GDP per 
capita as a confounder, owing to countries with greater 
income potentially having more resources to augment 
capacities and to allocate to health services to advert 
mortality, many capacities remained associated with 
reduced COVID- 19 mortality. Our findings were also 
confirmed in our sensitivity analysis, where we further 
adjust for country- level differences in COVID- 19 mitiga-
tion policies. These findings reinforce that regardless of 
income levels and real- time pandemic response policies, 
existing pandemic preparedness capacities provide coun-
tries with a directly modifiable tool that they can build to 
avert mortality in the context of an evolving pandemic.

While our findings confirm the expected relationships 
between many pandemic preparedness capacities and 
COVID- 19 outcomes, we identified a few capacities that 
were not associated with excess deaths. For example, 
previous studies have identified that greater levels are 
trust are associated with reduced COVID- 19 burden,23 87–89 
but we did not observe this relationship. However, we did 
find a relationship for public confidence in government, 
an analogous form of intuitional support and coopera-
tion but confidence differs from trust in that it is built 
off previous evidence and experience.87 Thus, our anal-
yses still provide some evidence that social and govern-
mental support are important factors for responses to 
the pandemic. Future studies should continue to explore 
the country- level relationship between trust and COVID- 
19, and other capacities that were not related to excess 
deaths in this study including healthcare access and 
intervention planning.

Lastly, we found that the relationships between 
preparedness capacities and excess mortality became 
null when using data from the WHO and The Econ-
omist. A major contributor to the change in relation-
ships is due to substantial differences in estimates 
between the three groups. For example, in countries 
with low GHS scores (<40), excess mortality esti-
mates are generally twofold to threefold greater when 
comparing IHME to WHO estimates. Since these loca-
tions generally do not have reliable cause of death 
data, all three modelling groups rely on statistical 
models with various covariates and assumptions. Our 
initial investigations have shown that CMRs from the 
WHO and The Economist are moderately correlated 
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with reported COVID- 19 deaths while there is no 
correlation for CMRs produced from IHME esti-
mates. Since under- reporting of COVID- 19 deaths is a 
common problem in countries with low GHS scores, 
with postmortem surveillance studies in Africa indi-
cating that deaths are undercounted by a factor of 
10,90 91 the potential greater reliance on reported 
COVID- 19 deaths by WHO and The Economist may 
partially explain the different estimates in countries 
with low GHS scores. Besides varying reliance on 
reported deaths, all three modelling groups also use 
different sets of covariates to produce estimates in 
locations without data. Overall, this sensitivity anal-
ysis revealed that pandemic preparedness capacities 
are not associated with worse pandemic outcomes and 
that there is a critical need for improved and robust 
pandemic outcome measures.

Strengths and limitations
This study has several strengths, including the ability, for 
the first time, to directly compare country- level COVID- 19 
excess mortality adjusted for age structure using CMRs. 
Our analysis was also able to evaluate multiple indicators 
of pandemic preparedness. This provides health systems 
with a collection of specific capacities that can directly 
modify their vulnerability to the current pandemic and 
future global health emergencies. The identification of 
specific capacities is particularly timely as recent esti-
mates show unprecedented increases in development 
assistance towards pandemic preparedness in low- income 
to middle- income countries.92

However, the results from this investigation should 
be interpreted in the context of the following limita-
tions. First, our outcome data, excess COVID- 19 
deaths, are subject to measurement error due to 
varying levels of reliable capacities for vital regis-
tration systems and ability to enumerate all- cause 
mortality across countries. Due to a lack of data in 
Sub- Saharan Africa and Asia, the quantification of 
excess COVID- 19 deaths in almost all countries in 
these regions was estimated using a statistical model 
with various predictive covariates.3 This is a limitation 
that is consistent for all three modelling groups of 
excess mortality. Though the excess mortality data 
used in this analysis are best estimates, the substantial 
lack of data in Sub- Saharan Africa and Asia reinforces 
the need to strengthen detection capacities in these 
areas. The lack of data based on direct measurement 
resulted in varying estimates of excess mortality by 
differing modelling groups, which was reflected in our 
analyses. The observation that excess death models 
that relied more heavily on countries’ reported 
COVID- 19 deaths generated different results in our 
analysis, underscores the potential for heterogeneity 
in national surveillance capacities to affect our ability 
to track deaths at the global level. The inability to fully 
enumerate disease- specific mortality is a critical gap 
in global pandemic surveillance. Efforts to improve 

national surveillance for infectious disease emergen-
cies must also include efforts to bolster countries’ 
vital registration and all- cause mortality surveillance. 
In the interim, countries may consider improving 
their surveillance by employing survey methods such 
as postmortem surveillance studies. One such surveil-
lance study in Zambia found that actual COVID- 19 
deaths are 10 times greater than reported deaths.90 
These methods may assist in constructing more 
robust measures of COVID- 19 impact and therefore 
assist future studies in providing more robust evalua-
tions of the contributions of pandemic preparedness 
capacities.

Second, a similar limitation is that due to the lack 
of age- specific data on COVID- 19 mortality in Sub- 
Saharan Africa and Asia, we were not able to conduct 
sensitivity analyses using countries from these regions 
as the reference in computations of CMRs. Some 
evidence suggests that the age pattern of COVID- 19 
mortality is steeper in the elderly age groups in high- 
income countries while flatter in non- high income,18 
differences that may potentially yield differing distri-
butions of CMRs. Third, there is potential measure-
ment error in the GHS Index as the metric was 
constructed using data that was publicly available 
and therefore may not capture capacities that are 
not written up or published. Similarly, the country- 
level analyses may obscure important variation in 
pandemic preparedness capacities within countries 
as capacities may substantially vary within countries. 
Third, the GHS Index–COVID- 19 relationship is 
likely to change as the pandemic progresses because 
the outcome is still developing with new reliable data 
becoming available. Fourth, our analytic approach 
assumed a linear relationship between the GHS Index 
measures and COVID- 19 excess mortality. Finally, the 
ecological nature of the data prevents us from making 
inferences regarding pandemic preparedness capaci-
ties and excess mortality at the individual- level.

CONCLUSION
The measures within the GHS Index were not 
intended to serve as a predictive model of how coun-
tries will respond in a crisis, but an inventory of the 
resources and plans available within each nation. This 
analysis demonstrates that having greater national 
level health security capacities, as measured by the 
GHS Index, is associated with lower excess COVID- 19 
mortality. An established and regularly exercised 
response infrastructure is critical to address a health 
crisis, but so are the preventive measures that provide 
day- to- day services to ensure an accessible, equitable 
and capable health system for outbreak detection. 
Continuing to build, maintain and measure health 
security capacities will be effective in mitigating 
the impacts of infectious disease threats. Our sensi-
tivity analyses illustrate an urgent need for improved 
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pandemic outcome measures that are unbiased by 
measurement and country demographics to improve 
our understanding of the role of pandemic prepared-
ness capacities.
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Figure S2. Global distribution of Global Health Security index scores in 2021. 

 

 
 

 

 

Figure S3. Global distribution of comparative mortality ratios for excess COVID-19 mortality, 2020 – 2021.  
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Table S1. Population-weighted averages of comparative COVID-19 excess mortality ratios, Global Health Security index scores, and category 

scores by IHME regions. 

 

IHME Region CMR 

GHS 

index 

score 

Prevention 

score 

Detection 

score 

Response 

score 

Health 

system 

score 

International 

norms score 

Risk 

environment 

score 

Global 1.79 45.2 36.1 45.3 39.2 42.8 50.7 57.1 

Sub-Saharan Africa 2.85 32.9 18.0 31.3 34.9 20.3 51.8 41.2 

North Africa and Middle East 2.90 33.1 26.5 25.4 30.0 28.5 40.2 47.9 

South Asia 2.41 40.5 27.6 41.5 28.7 41.8 46.3 57.1 

Central Europe, Eastern Europe, and Central Asia 2.26 46.7 42.4 37.7 39.7 49.6 54.8 56.1 

Southeast Asia, East Asia, and Oceania 0.43 47.3 40.2 50.5 40.1 46.7 46.0 60.1 

Latin America and Caribbean 3.28 47.9 40.9 47.0 50.8 45.9 49.9 53.2 

High-income 0.75 65.8 60.2 68.5 57.8 63.1 70.9 74.3 

NOTE: Population weighed averages computed utilizing UN country-specific population sizes in 2020. The IHME regions grouped countries on the basis of 

epidemiological homogeneity and geographic proximity.   

CMR=Comparative mortality ratio 
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Table S2. One-way sensitivity analyses of the primary analysis using the 2019 iteration of the Global Health Security index. 

 

 

 

Table S3. One-way sensitivity analyses of the primary analysis including Oxford Stringency Index as a covariate. 

  

Income adjusted 

(primary analysis) 

Income & 

stringency adjusted 

Global Health Security Index score -0.21 (-0.37, -0.06) -0.27 (-0.41, -0.12) 

     Prevention score -0.11 (-0.22, -0.00) -0.16 (-0.28, -0.04) 

     Detection score -0.09 (-0.19, -0.00) -0.13 (-0.24, -0.03) 

     Response score -0.19 (-0.36, -0.01) -0.22 (-0.41, -0.03) 

     Health system score -0.10 (-0.23, 0.02) -0.13 (-0.26, -0.01) 

     International norms score -0.17 (-0.33, -0.01) -0.19 (-0.36, -0.01) 

     Risk environment score -0.30 (-0.46, -0.15) -0.32 (-0.48, -0.16) 
NOTE: Effect sizes compare a 5-score difference in each index. Separate regressions were implemented for each GHS 

index measure to assess the effect of the measure independent of other indicators. The stringency index value for each 

country was computed by taking the average of daily stringency index values during the observation period. 95% 

confidence interval constructed using robust standard errors and taking into account the Bonferroni correction. 

 

 

 

 

 

  2021 GHS Index 2019 GHS Index 

  Unadjusted analysis Income adjusted analysis Unadjusted analysis Income adjusted analysis 

  Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value 

Global Health Security Index Score -0.29 (-0.39, -0.19) <0.0001 -0.21 (-0.33, -0.10) 0.0015 -0.28 (-0.37, -0.18) <0.0001 -0.19 (-0.30, -0.07) 0.0055 

     Prevention score -0.19 (-0.26, -0.11) <0.0001 -0.11 (-0.20, -0.03) 0.0189 -0.17 (-0.24, -0.09) 0.0003 -0.09 (-0.18, -0.01) 0.0569 

     Detection score -0.14 (-0.21, -0.07) 0.0009 -0.09 (-0.17, -0.02) 0.0314 -0.14 (-0.21, -0.06) 0.0027 -0.08 (-0.16, 0.00) 0.0963 

     Response score -0.27 (-0.39, -0.15) <0.0001 -0.19 (-0.32, -0.05) 0.0107 -0.24 (-0.34, -0.14) 0.0001 -0.16 (-0.27, -0.05) 0.0131 

     Health system score -0.18 (-0.26, -0.09) <0.0001 -0.10 (-0.20, -0.01) 0.0292 -0.18 (-0.27, -0.09) 0.0001 -0.10 (-0.20, 0.00) 0.0456 

     International norms score -0.21 (-0.34, -0.08) 0.0007 -0.17 (-0.30, -0.04) 0.0055 -0.21 (-0.33, -0.09) 0.0010 -0.16 (-0.29, -0.03) 0.0134 

     Risk environment score -0.33 (-0.41, -0.25) <0.0001 -0.30 (-0.42, -0.18) <0.0001 -0.35 (-0.43, -0.26) <0.0001 -0.32 (-0.44, -0.19) <0.0001 

Note: Effect sizes compare a 5-score difference in each index; Separate regressions were implemented for each GHS index measure to assess the effect of the measure independent of other indicators.  The unadjusted analysis 

does not include any covariates while the adjusted analysis includes 2019 gross domestic product (GDP) per capita as a covariate in each regression. 95% Confidence interval constructed using robust standard errors. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Glob Health

 doi: 10.1136/bmjgh-2023-012203:e012203. 8 2023;BMJ Glob Health, et al. Ledesma JR



7 

 

Table S4. One-way sensitivity analyses of the primary income-adjusted analysis using WHO and Economist excess mortality estimates.  

 
  IHME 2020 IHME 2020-2021 WHO 2020 WHO 2020-2021 Economist 2020 Economist 2020-2021 

  Coefficient p-value Coefficient p-value Coefficient 
p-

value 
Coefficient 

p-

value 
Coefficient 

p-

value 
Coefficient p-value 

Global Health Security Index Score -0.72 (-1.07, -0.37) 0.0004 -0.21 (-0.33, -0.10) 0.0015 0.07 (-0.04, 0.18) 0.2092 0.04 (-0.05, 0.12) 0.3343 0.06 (-0.02, 0.13) 0.9244 0.01 (-0.05, 0.08) 0.1790 

     Prevention score -0.40 (-0.65, -0.14) 0.0072 -0.11 (-0.20, -0.03) 0.0189 0.11 (0.03, 0.19) 0.0037 0.06 (-0.01, 0.12) 0.0298 0.09 (0.04, 0.15) 0.1135 0.04 (-0.01, 0.09) 0.9616 

     Detection score -0.31 (-0.53, -0.09) 0.0177 -0.09 (-0.17, -0.02) 0.0314 0.03 (-0.04, 0.10) 0.3100 0.03 (-0.02, 0.08) 0.2783 0.03 (-0.02, 0.08) 0.8050 0.02 (-0.02, 0.06) 0.4331 

     Response score -0.63 (-1.03, -0.22) 0.0049 -0.19 (-0.32, -0.05) 0.0107 -0.02 (-0.12, 0.09) 0.7832 -0.01 (-0.09, 0.07) 0.8333 -0.03 (-0.11, 0.06) 0.3497 -0.04 (-0.11, 0.03) 0.1884 

     Health system score -0.37 (-0.66, -0.08) 0.0105 -0.10 (-0.20, -0.01) 0.0292 0.12 (0.04, 0.21) 0.0009 0.07 (0.00, 0.13) 0.0121 0.10 (0.04, 0.15) 0.0596 0.04 (-0.00, 0.09) 0.6137 

     International norms score -0.55 (-0.96, -0.15) 0.0032 -0.17 (-0.30, -0.04) 0.0055 0.03 (-0.08, 0.13) 0.5926 0.01 (-0.06, 0.09) 0.6985 -0.01 (-0.08, 0.07) 0.3003 -0.02 (-0.07, 0.04) 0.0342 

     Risk environment score -0.99 (-1.36, -0.62) <0.0001 -0.30 (-0.42, -0.18) <0.0001 -0.21 (-0.29, -0.12) 0.0005 -0.13 (-0.18, -0.07) 0.0021 -0.10 (-0.17, -0.03) 0.0001 -0.10 (-0.15, -0.04) <0.0001 

Note: Effect sizes compare a 5-score difference in each index; Separate regressions were implemented for each GHS index measure to assess the effect of the measure independent of other indicators. Gross domestic product (GDP) per capita in 2019 

included as covariate in each regression. 95% Confidence interval constructed using robust standard errors.  
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Table S5. Unadjusted and income adjusted effect sizes and corresponding 95% confidence intervals using 

robust standard errors [no Bonferroni correction] of 2021 Global Health Security measures on comparative 

COVID-19 excess mortality ratio.  

 

 Unadjusted analysis Income adjusted analysis 

Pandemic preparedness capacity 
Coefficient 

(95% CI) 
p-value 

Coefficient 

(95% CI) 
p-value 

Global Health Security Index Score -0.29 (-0.39, -0.19) <0.0001 -0.21 (-0.33, -0.10) 0.0015 

     Prevention score -0.19 (-0.26, -0.11) <0.0001 -0.11 (-0.20, -0.03) 0.0189 

          1.1) Antimicrobial resistance (AMR) -0.09 (-0.14, -0.05) 0.0006 -0.05 (-0.10, 0.00) 0.0918 

          1.2) Zoonotic disease -0.15 (-0.23, -0.08) 0.0008 -0.09 (-0.17, -0.01) 0.0412 

          1.3) Biosecurity -0.11 (-0.17, -0.06) 0.0014 -0.05 (-0.11, 0.02) 0.1814 

          1.4) Biosafety -0.07 (-0.11, -0.03) 0.0050 -0.03 (-0.08, 0.01) 0.2117 

          1.5) Dual-use research and culture of responsible science -0.12 (-0.22, -0.02) 0.1118 -0.04 (-0.11, 0.04) 0.5843 

          1.6) Immunization -0.09 (-0.15, -0.04) 0.0022 -0.08 (-0.13, -0.02) 0.0063 

     Detection score -0.14 (-0.21, -0.07) 0.0009 -0.09 (-0.17, -0.02) 0.0314 

          2.1) Laboratory systems strength and quality -0.06 (-0.11, -0.02) 0.0179 -0.05 (-0.09, 0.00) 0.0687 

               2.1.1) Lab capacity for detecting priority diseases -0.07 (-0.12, -0.02) 0.0110 -0.06 (-0.10, -0.01) 0.0319 

               2.1.2) Laboratory quality systems -0.03 (-0.07, 0.01) 0.0857 -0.02 (-0.06, 0.02) 0.2451 

          2.2) Laboratory supply chains -0.04 (-0.10, 0.02) 0.2437 0.02 (-0.05, 0.09) 0.4642 

          2.3) Real-time surveillance and reporting -0.04 (-0.08, 0.01) 0.1828 -0.02 (-0.07, 0.02) 0.4323 

          2.4) Surveillance data accessibility and transparency -0.09 (-0.13, -0.05) 0.0010 -0.04 (-0.09, 0.01) 0.1515 

          2.5) Case-based investigation -0.12 (-0.18, -0.05) 0.0012 -0.09 (-0.15, -0.03) 0.0121 

          2.6) Epidemiology workforce -0.06 (-0.12, 0.00) 0.0299 -0.07 (-0.13, -0.01) 0.0095 

     Response score -0.27 (-0.39, -0.15) <0.0001 -0.19 (-0.32, -0.05) 0.0107 

          3.1) Emergency preparedness and response planning -0.11 (-0.18, -0.05) 0.0012 -0.07 (-0.14, -0.01) 0.0346 

               3.1.1) National public health emergency preparedness plan -0.09 (-0.13, -0.04) 0.0022 -0.05 (-0.09, -0.00) 0.0982 

               3.1.3) Non-pharmaceutical interventions planning` -0.06 (-0.10, -0.02) 0.0070 -0.04 (-0.08, -0.00) 0.0460 

          3.2) Exercising response plans -0.09 (-0.22, 0.05) 0.1955 -0.11 (-0.24, 0.02) 0.0822 

          3.3) Emergency response operation -0.04 (-0.12, 0.03) 0.3285 -0.06 (-0.14, 0.01) 0.1429 

          3.4) Linking public health and security authorities -0.05 (-0.08, -0.02) 0.0087 -0.02 (-0.05, 0.02) 0.4016 

          3.5) Risk communication -0.11 (-0.19, -0.04) 0.0034 -0.07 (-0.15, 0.00) 0.0556 

          3.6) Access to communications infrastructure -0.20 (-0.29, -0.12) <0.0001 -0.17 (-0.27, -0.07) 0.0010 

          3.7) Trade and travel restrictions 0.03 (-0.02, 0.08) 0.4461 0.03 (-0.02, 0.08) 0.3016 

     Health system score -0.18 (-0.26, -0.09) <0.0001 -0.10 (-0.20, -0.01) 0.0292 

          4.1) Health capacity in clinics, hospitals and community care centers -0.18 (-0.24, -0.11) <0.0001 -0.10 (-0.18, -0.01) 0.0341 

               4.1.2) Facilities capacity -0.10 (-0.15, -0.05) 0.0004 -0.06 (-0.11, -0.00) 0.0528 

          4.2) Supply chain for health system and healthcare workers -0.10 (-0.17, -0.04) 0.0033 -0.06 (-0.12, 0.01) 0.0962 

          4.3) Medical countermeasures and personnel deployment -0.06 (-0.12, -0.01) 0.0853 -0.02 (-0.07, 0.02) 0.4878 

          4.4) Healthcare access 0.02 (-0.21, 0.26) 0.7913 -0.05 (-0.27, 0.17) 0.5228 

          4.5) Communications with healthcare workers during health emergency -0.06 (-0.11, -0.01) 0.0584 -0.02 (-0.07, 0.02) 0.4056 

          4.6) Infection control practices -0.06 (-0.09, -0.03) 0.0002 -0.03 (-0.06, 0.00) 0.0928 

          4.7) Capacity to test and approve new medical countermeasures -0.08 (-0.15, -0.02) 0.0032 -0.06 (-0.13, 0.01) 0.0382 

     International norms score -0.21 (-0.34, -0.08) 0.0007 -0.17 (-0.30, -0.04) 0.0055 

          5.1) IHR reporting compliance and disaster risk reduction 0.01 (-0.05, 0.08) 0.6763 0.01 (-0.05, 0.06) 0.8471 

          5.2) Cross-border agreements on public health emergency response -0.09 (-0.13, -0.05) <0.0001 -0.07 (-0.11, -0.03) 0.0007 

          5.3) International commitments -0.10 (-0.15, -0.05) 0.0001 -0.06 (-0.12, -0.01) 0.0170 

          5.4) JEE and PVS 0.08 (0.01, 0.16) 0.0462 0.03 (-0.05, 0.11) 0.4465 

          5.5) Financing -0.04 (-0.12, 0.04) 0.3288 -0.07 (-0.15, -0.00) 0.0899 

          5.6) Commitment to sharing of genetic & biological data & specimens -0.14 (-0.27, -0.01) 0.1577 -0.05 (-0.17, 0.08) 0.6072 

     Risk environment score -0.33 (-0.41, -0.25) <0.0001 -0.30 (-0.42, -0.18) <0.0001 

          6.1) Political and security risk -0.19 (-0.25, -0.13) <0.0001 -0.15 (-0.23, -0.06) 0.0006 

               6.1.1) Government effectiveness -0.21 (-0.27, -0.16) <0.0001 -0.21 (-0.29, -0.12) <0.0001 

          6.2) Socio-economic resilience -0.26 (-0.34, -0.18) <0.0001 -0.23 (-0.32, -0.14) <0.0001 

               6.2.3) Social inclusion -0.17 (-0.22, -0.11) <0.0001 -0.13 (-0.19, -0.06) 0.0001 
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               6.2.4) Public confidence in government -0.10 (-0.15, -0.06) <0.0001 -0.08 (-0.12, -0.03) 0.001 

               6.2.6) Inequality -0.11 (-0.19, -0.03) 0.0009 -0.11 (-0.18, -0.04) 0.0006 

          6.3) Infrastructure adequacy -0.16 (-0.21, -0.11) <0.0001 -0.11 (-0.18, -0.03) 0.0072 

          6.4) Environmental risks -0.08 (-0.23, 0.08) 0.3060 -0.04 (-0.19, 0.10) 0.5489 

          6.5) Public health vulnerabilities -0.30 (-0.39, -0.22) <0.0001 -0.21 (-0.32, -0.10) 0.0022 

               6.5.1) Access to quality healthcare -0.23 (-0.49, 0.02) 0.0587 -0.27 (-0.51, -0.03) 0.0228 

               6.5.4) Trust in medical and health advice -0.06 (-0.10, -0.01) 0.0719 -0.01 (-0.06, 0.04) 0.6724 

                  6.5.4a) Trust medical and health advice from the government -0.02 (-0.06, 0.02) 0.5348 0.01 (-0.03, 0.05) 0.6524 

                  6.5.4b) Trust medical and health advice from medical workers -0.08 (-0.13, -0.03) 0.0088 -0.04 (-0.09, 0.02) 0.2026 

Gross domestic product (GDP) per (1,000) capita -0.18 (-0.26, -0.10) <0.0001   

* Effect sizes compare a 5-score difference in each index; Separate regressions were implemented for each GHS index measure to assess the effect of the measure 

independent of other indicators. The unadjusted analysis does not include any covariates while the adjusted analysis includes 2019 gross domestic product (GDP) per capita 

as a covariate in each regression. 95% Confidence intervals constructed using robust standard errors but without Bonferroni correction. 
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