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ABSTRACT
Introduction The Global Health Security Index 
benchmarks countries’ capacities to carry out the 
functions necessary to prevent, detect and respond to 
biological threats. The COVID- 19 pandemic served as an 
opportunity to evaluate whether the Index contained the 
correct array of variables that influence countries’ abilities 
to respond to these threats; assess additional variables 
that may influence preparedness; and examine how the 
impact of preparedness components change during public 
health crises.
Methods Linear regression models were examined to 
determine the relationship between excess mortality 
per capita for the first 500 days of countries’ COVID- 19 
pandemic and internal Index variables, as well as external 
variables including social cohesion; island status; 
perceived corruption; elderly population size; previous 
epidemic experience; stringency of non- pharmaceutical 
interventions; and social and political polarisation.
Results COVID- 19 outcomes were significantly associated 
with sociodemographic, political and governance variables 
external to the 2019 Index: social cohesion, reduction in 
social polarisation and reduced perceptions of corruption 
were consistently correlated with reduced excess mortality 
throughout the pandemic. The association of other 
variables assessed by the Index, like epidemiological 
workforce robustness, changed over time. Fixed country 
features, including geographic connectedness, larger 
elderly population and lack of prior coronavirus outbreak 
experience were detrimental to COVID- 19 outcomes. 
Finally, there was evidence that countries that lacked 
certain capacities were able to develop these over the 
course of the pandemic.
Conclusions Additional sociodemographic, political and 
governance variables should be included in future indices 
to improve their ability to characterise preparedness. Fixed 
characteristics, while not directly addressable, are useful 
for establishing countries’ inherent risk profile and can 
motivate those at greater risk to invest in preparedness. 
Particular components of preparedness vary in their impact 
on outcomes over the course of the pandemic, which 
may inform resource direction during ongoing crises. 
Future research should seek to further characterise time- 
dependent impacts as additional COVID- 19 outcome data 
become available.

INTRODUCTION
The Global Health Security (GHS) Index 
was the first comprehensive health security 
capacity assessment of the 195 countries 
subscribed to the 2005 International Health 
Regulations. Its primary objective is to provide 
an independent, broad, universal metric to 
evaluate countries’ ability or potential to 
carry out the functions necessary to prevent, 
detect and respond to acute infectious disease 

Key questions

What is already known?
 ► The Global Health Security (GHS) Index was published in 
2019 to evaluate countries’ capacities to prevent, detect 
and respond to infectious disease threats and concluded 
that the world was unprepared.

 ► Early analyses found that preparedness assessment 
tools such as the GHS Index and WHO’s Joint External 
Evaluation do not correlate with crude COVID- 19 out-
come measures, leading some to question the value of 
such tools.

 ► The ability to evaluate countries’ response to the ongoing 
COVID- 19 pandemic is still limited but is rapidly evolving 
as higher quantities and quality of outcome information 
become available.

What are the new findings?
 ► Sociopolitical and governance variables characteris-
ing social polarisation, social cohesion and perception 
of corruption significantly influenced excess mortality 
throughout the COVID- 19 pandemic.

 ► The impact of different preparedness components, like 
the robustness of the epidemiological workforce, vary 
throughout ongoing public health emergencies.

 ► Fixed characteristics of countries, like increased 
geographic connectedness, an ageing population or 
lack of experience responding to biological events, 
significantly increase their risk profile and can be 
used to identify particularly vulnerable countries.

 ► Countries were able to develop preparedness capacity 
on the fly during the COVID- 19 pandemic, despite an 
initial lack of capacity.

http://gh.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgh-2021-007581&domain=pdf&date_stamp=2021-11-09
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threats, be they naturally occurring, accidental or delib-
erate.1 In doing so, it serves as a useful tool for meas-
uring and highlighting gaps in health security at national 
and regional levels to assist decision makers in directing 
attention and resources.

Countries are scored by Economist Impact, under 
a framework developed in consultation with Johns 
Hopkins Center for Health Security and the Nuclear 
Threat Initiative and vetted by an international advisory 
panel of experts. The framework evaluates countries 
using publicly accessible information pertaining to six 
categories: prevention; detection and reporting; rapid 
response; health systems; compliance with international 
norms; and risk environment. These categories are 
further broken down into 34 indicators and 85 subindi-
cators that are evaluated using 140 questions. These 
are intended to build on existing external evaluations 
to more broadly encompass the technical and societal 
measures that impact preparedness. The inaugural iter-
ation of the GHS Index was published in October 2019 
and ultimately concluded that no country was sufficiently 
prepared for epidemic or pandemic events.2

Early analyses found preparedness assessment tools, 
like the GHS Index and the WHO’s Joint External Eval-
uation (JEE), did not correlate with crude COVID- 19 
outcome measures, such as total cases or deaths, despite 
evidence of moderate external validity of GHS scores 
with reduced deaths from communicable disease.3–5 
This raised important questions about the role of health 
system capacities in preventing adverse outcomes and the 
value of existing preparedness assessments.6–10 However, 
these questions often misinterpret what benchmarking 
tools are meant to measure and convey and oversimplify 
the complexity of predicting performance of events like 
pandemics. Unlike models built to forecast outcomes, 
benchmarking tools serve as inventories of capacities 
and capabilities that countries can access during an 
emergency. These tools help inform countries’ prepared-
ness efforts, advocate for greater investment in building 
capacity and highlight gaps for targeted investment. 
Neither the JEE or the GHS Index can predict whether 

decision makers will choose to use the capacities and 
capabilities available to them during an ongoing crisis. 
Furthermore, the GHS Index is a snapshot of prepared-
ness at the close of July 2019, not a dynamic tracker. As 
such, it cannot capture whether countries bolstered or 
dismantled their capacities throughout the pandemic. 
Media reports suggest that some countries, like New 
Zealand, designed a COVID- 19 strategy that avoided 
potential exacerbation of the vulnerabilities in their 
capacity identified by the 2019 GHS Index.11 12

An analogy for the appropriate use of benchmarking 
tools is to consider how one would measure jurisdic-
tions’ readiness for fires. A benchmarking tool would 
likely measure the existence of safety capacities, such as 
efforts to test fire alarm functionality or exercise building 
evacuation plans. It may also include measurement of a 
jurisdiction’s baseline risk for fires, such as the existence 
of environmental hazards that make fires more likely 
to occur and spread. However, the sum of these is still 
not entirely reflective of how a jurisdiction chooses to 
respond to a fire. That response is also driven by other 
unmeasurable variables like whether building occupants 
heed the warning fire alarms provide or whether inhab-
itants were encouraged to remain in place rather than 
evacuate a burning building. These variables can be diffi-
cult to measure in advance of an event and while they 
impact outcomes do not negate the inherent value of 
protective capacities like fire alarms.

The COVID- 19 pandemic serves as an opportunity to 
evaluate whether the Index contained the correct array 
of factors that enable or hinder countries abilities to 
respond to an infectious disease emergency. In analysing 
data on the relationship between COVID- 19 outcomes 
and GHS Index scores, our objectives were threefold: 
(1) to understand if and how features of the GHS Index 
related to countries’ COVID- 19 outcome measures; (2) 
to identify additional variables that could inform future 
GHS Index iterations and (3) to understand how these 
relationships changed over the course of the pandemic. 
Specifically, we evaluated the correlation between a 
mixture of GHS Index indicators and relevant external 
variables and the excess mortality per 100 000 inhabitants 
in each country 100, 300, 400 and 500 days after their first 
confirmed case of COVID- 19.

METHODS
Study population
Participating countries for the analyses assessing excess 
mortality at different stages of the COVID- 19 pandemic 
included the 195 countries evaluated in the 2019 GHS 
Index, which were assessed for inclusion based on data 
availability for the explanatory variables outlined below. 
One hundred and twenty- eight countries were included 
in the analysis conducted at 100 and 300 days. Twenty- 
eight of those countries (21.9%) were categorised as 
least prepared, with an overall GHS Index score of <33.3. 
Eighty- nine countries (69.5%) were categorised as more 

Key questions

What do the new findings imply?
 ► Sociodemographic, political and governance variables external to 
the inaugural GHS Index may aid future iterations in characterising 
countries’ ability to prepare for, detect and respond to significant 
biological events.

 ► Strategies for responding to ongoing public health emergencies 
should consider the relative impact of investing in different pre-
paredness areas.

 ► Fixed characteristics, while not directly addressable, highlight par-
ticularly vulnerable countries that have a greater need for prepared-
ness investments.

 ► Countries may be able to leverage their experience against 
COVID- 19 to improve aspects of their preparedness capacity for 
future events.
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prepared (33.4–66.6) and 11 countries (8.60%) were 
categorised as most prepared (>66.7). Of the 112 coun-
tries evaluated at 400 days, 18 were categorised as least 
prepared (16.1%), 85 as more prepared (75.9%) and 9 
as most prepared (8.04%). Of the 117 countries included 
in the analysis evaluating excess mortality at 500 days, 21 
(18.0%) were categorised as least prepared, 85 (72.6%) 
as more prepared and 11 countries (9.40%) as most 
prepared.

Outcome variable selection
The outcome measured was countries’ total excess 
mortality per 100 000 individuals in the popula-
tion 100, 300, 400, 500 days after the country’s first 
detected case of COVID- 19. We identified the date of 
the first detected COVID- 19 case using data from the 
Center for Systems Science and Engineering (CSSE) 
at Johns Hopkins University and aligned countries by 
date of COVID- 19 introduction, to account for vari-
ation in epidemic timelines between countries (see 
online supplemental table 1).13

Excess mortality is defined as deaths from all 
causes during a period, after accounting for expected 
deaths.14 It estimates how many more people died 
during the COVID- 19 pandemic than would be 
expected under usual conditions. Excess mortality is a 
more comprehensive assessment of the pandemic toll 
than confirmed COVID- 19 deaths, as it also captures 
incorrectly diagnosed or reported deaths and indi-
rect mortality resulting from overburdened health-
care systems or exacerbated poverty. Greater values 
of excess mortality per 100 000 individuals indicates 
poor pandemic response.

Alternative outcomes, like hospitalisations or 
test positivity rate, were considered but ultimately 
discarded due to a lack of globally comparable data. 
While many countries in the dataset have publicly 
available COVID- 19 case and deaths data, the ability 
to measure these is a feature of a country’s capacity 
itself. This leads to widespread under- reporting of 
these metrics, in conjunction with significant varia-
tion in how they are reported. As such, numbers of 
reported cases or deaths were deemed unsuitable 
outcome measures.

Data collection
We used country- level data on preparedness against 
biological threats from the 2019 GHS Index.2 Excess 
mortality data were obtained from The Economist’s 
data repository and incorporated as available, up to 
and including 15 September 2021.15 Data pertaining 
to case numbers, detection, stringency of govern-
ment interventions, vaccinations and testing were 
obtained from Our World In Data (a collaborative 
project between the University of Oxford and non- 
profit Global Change Data Lab)16 and CSSEGIS (a 
COVID- 19 data repository maintained by CSSE at 
Johns Hopkins University)17 for the dates of interest. 

Data characterising political and social polarisation 
were obtained from the Varieties of Democracy Equal 
Distribution of Resources Index.18 Data pertaining 
to governance,19 income status20 and population age 
structure21 were obtained from the World Bank. Data 
on corruption perception were obtained from the 
2020 Corruptions Perceptions Index.22 Data assessing 
social cohesion were obtained from the 2019 Democ-
racy Index.23 Finally, island grouping and previous 
epidemic experience with severe acute respira-
tory syndrome (SARS) or Middle East respiratory 
syndrome (MERS) datasets were generated by Econ-
omist Impact and are available in the online supple-
mentals table 2 and 3.

Statistical analysis
Multiple linear regression was performed to evaluate 
the association between GHS Index indicator and 
external variables and excess mortality per 100 000 
individuals at 100, 300, 400 and 500 days following 
the first reported COVID- 19 case. GHS Index indi-
cator variables were selected using backward stepwise 
regression by elimination on all GHS Index subindi-
cators (at the X.X level), removing the two subindica-
tors with the highest p values until approximately two- 
thirds of the coefficients remained significant. The 
final model selection encompasses the 12 GHS Index 
indicator variables described in table 1. These anal-
yses would need to be reperformed when evaluating 
other health security events to determine which GHS 

Table 1 GHS Index indicator variables selected for model 
inclusion based on their relationship with excess mortality 
per capita over the course of the COVID- 19 pandemic

Category Indicator

(1) Prevention (1.6) Immunisation

(2) Detection and 
reporting

(2.3) Epidemiology workforce

(2.4) OneHealth data integration

(3) Rapid response (3.2) Exercising response plans

(3.7) Trade and travel restrictions

(4) Health system (4.3) Healthcare access

(5) Compliance with 
international norms

(5.1) IHR reporting compliance and 
disaster risk reduction

(5.3) International commitments

(5.4) WHO’s JEE and PVS

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

(6) Risk environment (6.1) Political and security risk

(6.4) Environmental risks

These analyses would need to be reperformed for other health 
security events to determine which GHS Index indicators are 
most salient within the context of those events.
GHS, Global Health Security; IHR, International Health 
Regulations; JEE, Joint External Evaluation; PVS, Performance 
of Veterinary Services.

https://dx.doi.org/10.1136/bmjgh-2021-007581
https://dx.doi.org/10.1136/bmjgh-2021-007581
https://dx.doi.org/10.1136/bmjgh-2021-007581
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Index indicators are most salient within the context 
of those events.

To control for potential confounders, project team 
members with subject matter expertise selected vari-
ables external to the Index based on a review of recent 
literature and consultation with an expert panel. 
These external variables described: social cohesion 
(as measured by the Democracy Index); island nation 
status; social perception of corruption (measured by 
the 2020 Corruption Perception Index); the share of 
the population over age 65 years; previous coronavirus 
epidemic experience (defined as having reported 
at least one SARS or MERS case prior to 2019); the 
stringency of non- pharmaceutical government inter-
ventions 15 days prior to the time point assessed; and 
social and political polarisation (as measured by the 
Equal Distribution of Resources Index). The number 
of fully vaccinated individuals was included in evalua-
tions of excess mortality at 400 and 500 days.

Multicollinearity was assessed by evaluating the 
variance inflation factor of each variable. We also 
accessed the heteroscedasticity of the model using the 
Cook- Weisberg test. A lower number of excess deaths 
per 100 000 individuals reflects a better COVID- 19 
pandemic response. Negative coefficients indicate a 
variable is negatively correlated with excess mortality: 
that is, that the presence of (binary) or increase 
in (continuous) that variable is correlated with a 
decrease in excess mortality, or better performance.

All statistical analyses were performed using STATA 
V.16.24

RESULTS
Correlations between GHS Index indicators, external 
variables and excess mortality at 100, 300, 400 and 500 
days following the first confirmed case of COVID- 19 
within a country are displayed in table 2. The explan-
atory variables with the greatest effects on excess 
mortality remained consistent throughout the COVID- 19 
pandemic. External variables measuring societal percep-
tion of corruption, island status and social cohesion 
had the strongest protective effect on excess mortality 
at 100, 300, 400 and 500 days. One hundred days after 
a confirmed case of COVID- 19, a one- point increase in 
a country’s Corruption Perception Index (CPI) score 
(where 0=highly corrupt and 100=very clean), correlated 
to 1.9 fewer deaths per 100 000 individuals (p<0.001). By 
500 days, this increased to 3.74 fewer deaths per 100 000 
individuals (p=0.002).

A one- point increase in countries’ social cohesion—
per the Democracy Index (scored in intervals from 0 to 1, 
where 0=insufficient cohesion to maintain a functioning 
democracy)—correlated to a decrease in excess mortality 
of 0.71 deaths per 100 000 individuals (p<0.001) at 100 
days. At 500 days, a one- point increase correlated to a 
decrease of 1.48 excess deaths per 100 000 individuals 
(p=0.001).

When evaluated at 100 days, island countries saw a 
reduction of 51.0 excess deaths per 100 000 individuals 
compared with non- islands (p<0.0001). By 500 days, the 
reduction associated with island status was 120.64 fewer 
excess deaths per 100 000 individuals (p<0.0001).

Reduced societal polarisation and environmental 
risk were also consistently associated with fewer excess 
deaths. Societal polarisation was defined as the extent 
to which society differs in opinion on major political 
issues leading to major clashes of views. At 100 days, a 
one- point increase in a countries’ societal polarisation 
score (where a score of 0=serious polarisation and an 
increasing score indicates limited polarisation) was asso-
ciated with 10.66 fewer excess deaths per 100 000 indi-
viduals (p=0.021, β=−0.217). This relationship persisted 
across time: at 500 days the same increase corresponded 
to a reduction of 11.49 excess deaths per 100 000 individ-
uals (p=0.317, β=−0.117). With respect to environmental 
risk, a one- point increase on GHS Index subindicator 6.4 
corresponded to 1.529 fewer excess deaths per 100 000 
individuals (p=0.007, β=−0.227) at 100 days. By 500 days, 
this increase correlated with a reduction of 4.96 deaths 
per 100 000 individuals (p<0.0001, β=−0.374).

The GHS Index indicator assessing political and secu-
rity risk (6.1) and the proportion of population greater 
than 65 years old had the strongest detrimental effect on 
excess deaths across all time points. At 100 days, a one- 
point increase in political and security risk score (where a 
higher score reflects a more favourable, less risky environ-
ment) was correlated with an increase in excess mortality 
of 1.1 deaths per 100 000 individuals (p=0.001). At 500 
days, this had increased to an additional 2.08 deaths 
per 100 000 individuals with each one- point increase 
(p=0.008). For each percentage point increase in the 
proportion of the population over age 65 years, excess 
mortality at 100 days increased by 3.35 deaths per 100 
000 individuals (p=0.006). By 500 days, this percentage 
point increase correlated to 5.19 excess deaths per 100 
000 individuals (p=0.066).

Although variables with the greatest effect on excess 
mortality remained consistent, the effect of other explan-
atory variables varied over time. Up until 300 days, 
previous experience dealing with SARS or MERS was 
correlated with a significant decrease in excess mortality 
(p<0.02, β=−0.172). By 500 days, the strength of this effect 
had decreased, though it remained protective (p=0.559, 
β=−0.005).

While the robustness of countries’ epidemiological 
workforce had little effect on excess mortality at 100 
and 300 days, this evolved into a negative relationship 
by 400 days. At day 400, a one- point increase in a coun-
try’s epidemiological workforce indicator was correlated 
with 0.4 fewer deaths per 100 000 individuals (p=0.216, 
β=−0.107). A similar relationship was observed at 500 
days. The completion of preparedness assessments was 
initially shown to have a strong protective effect on excess 
mortality at 100 days, though there appeared to be little 
effect beyond this time point.



Rose SM, et al. BMJ Global Health 2021;6:e007581. doi:10.1136/bmjgh-2021-007581 5

BMJ Global Health

Ta
b

le
 2

 
Li

ne
ar

 r
eg

re
ss

io
n 

ou
tp

ut
 fo

r 
ex

ce
ss

 m
or

ta
lit

y 
p

er
 1

00
 0

00
 in

d
iv

id
ua

ls
 e

va
lu

at
ed

 a
t 

10
0 

d
ay

s,
 3

00
 d

ay
s,

 4
00

 d
ay

s 
an

d
 5

00
 d

ay
s 

fo
llo

w
in

g 
th

e 
fir

st
 c

on
fir

m
ed

 c
as

e 
of

 C
O

V
ID

- 1
9 

w
ith

in
 a

 c
ou

nt
ry

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
10

0 
d

ay
s

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
30

0 
d

ay
s

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
40

0 
d

ay
s 

af
te

r 
ad

ju
st

in
g

 f
o

r 
va

cc
in

at
io

n

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
50

0 
d

ay
s 

af
te

r 
ad

ju
st

in
g

 
fo

r 
va

cc
in

at
io

n

E
xp

la
na

to
ry

 
va

ri
ab

le
C

o
ef

fic
ie

nt
R

o
b

us
t 

S
E

P
 

va
lu

e
S

td
. β

C
o

ef
fi

ci
en

t
R

o
b

us
t 

S
E

P
 

va
lu

e
S

td
. β

C
o

ef
fi

ci
en

t
R

o
b

us
t 

S
E

P
 

va
lu

e
S

td
. β

C
o

ef
fi

ci
en

t
R

o
b

us
t 

S
E

P
 

va
lu

e
S

td
. β

S
o

ci
o

d
em

o
g

ra
p

hi
c

Is
la

nd
 s

ta
tu

s
−

50
.9

67
−

11
.7

22
0.

00
0

−
0.

28
1

−
49

.1
72

11
.6

21
0.

00
0

−
0.

27
1

−
76

.3
98

22
.1

61
0.

00
1

−
0.

27
7

−
12

0.
64

1
24

.5
26

0.
00

0
−

0.
34

1

S
ha

re
 o

f 
p

op
. >

65
 y

ea
rs

33
5.

50
4

−
12

0.
18

9
0.

00
6

0.
34

2
33

9.
92

7
12

1.
54

8
0.

00
6

0.
34

7
44

7.
30

0
20

9.
38

3
0.

03
5

0.
30

6
51

8.
95

9
27

8.
99

5
0.

06
6

0.
26

8

G
o

ve
rn

an
ce

 a
nd

 p
o

lit
ic

s

C
or

ru
p

tio
n 

P
er

ce
p

tio
ns

 
In

d
ex

−
1.

90
9

−
0.

51
7

0.
00

0
−

0.
53

6
−

1.
79

5
0.

50
5

0.
00

1
−

0.
50

4
−

2.
94

6
0.

98
0

0.
00

3
−

0.
54

7
−

3.
73

5
1.

15
2

0.
00

2
−

0.
52

8

S
oc

ia
l 

co
he

si
on

−
0.

70
9

−
0.

16
1

0.
00

0
−

0.
34

9
−

0.
72

8
0.

15
2

0.
00

0
−

0.
35

8
−

0.
76

9
0.

29
9

0.
01

2
−

0.
24

8
−

1.
47

9
0.

44
2

0.
00

1
−

0.
37

0

(6
.1

) P
ol

iti
ca

l 
an

d
 s

ec
ur

ity
 

ris
k

1.
08

8
−

0.
31

4
0.

00
1

0.
35

7
0.

96
5

0.
31

3
0.

00
3

0.
31

6
1.

35
3

0.
63

6
0.

03
6

0.
27

5
2.

07
8

0.
76

5
0.

00
8

0.
32

2

P
ol

iti
ca

l 
p

ol
ar

is
at

io
n*

−
6.

92
8

−
4.

49
5

0.
12

6
−

0.
14

2
−

7.
14

1
4.

23
2

0.
09

4
−

0.
14

6
−

8.
62

4
7.

37
8

0.
24

6
−

0.
11

8
−

10
.5

94
8.

27
1

0.
20

3
−

0.
10

8

P
ub

lic
 h

ea
lt

h 
ca

p
ac

it
y

(2
.4

) D
at

a 
in

te
gr

at
io

n 
b

et
w

ee
n 

hu
m

an
, 

an
im

al
 a

nd
 

en
vi

ro
nm

en
ta

l 
he

al
th

 s
ec

to
rs

0.
17

5
−

0.
10

8
0.

10
9

0.
12

5
0.

16
9

0.
10

7
0.

11
5

0.
12

2
0.

12
4

0.
16

6
0.

45
8

0.
06

0
0.

40
6

0.
23

0
0.

08
1

0.
14

8

(1
.6

) 
Im

m
un

is
at

io
n

0.
38

3
−

0.
39

7
0.

33
7

0.
06

6
0.

26
1

0.
40

1
0.

51
7

0.
04

5
0.

53
5

0.
84

1
0.

52
6

0.
05

4
1.

79
2

1.
01

0
0.

07
9

0.
16

0

(4
.3

) 
H

ea
lth

ca
re

 
ac

ce
ss

−
0.

28
1

−
0.

33
5

0.
40

4
−

0.
05

8
−

0.
26

1
0.

33
9

0.
44

3
−

0.
05

4
0.

01
5

0.
52

1
0.

97
6

0.
00

2
−

0.
57

1
0.

67
6

0.
40

1
−

0.
05

5

R
es

p
o

ns
e

(3
.7

) T
ra

d
e 

an
d

 t
ra

ve
l 

re
st

ric
tio

ns

0.
77

−
0.

27
2

0.
00

6
0.

15
4

0.
72

5
0.

25
9

0.
00

6
0.

14
5

1.
09

5
0.

43
1

0.
01

3
0.

13
9

0.
91

2
0.

60
3

0.
13

4
0.

09
1

C
on

tin
ue

d



6 Rose SM, et al. BMJ Global Health 2021;6:e007581. doi:10.1136/bmjgh-2021-007581

BMJ Global Health

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
10

0 
d

ay
s

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
30

0 
d

ay
s

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
40

0 
d

ay
s 

af
te

r 
ad

ju
st

in
g

 f
o

r 
va

cc
in

at
io

n

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
50

0 
d

ay
s 

af
te

r 
ad

ju
st

in
g

 
fo

r 
va

cc
in

at
io

n

P
re

vi
ou

s 
ex

p
er

ie
nc

e 
w

ith
 S

A
R

S
 o

r 
M

E
R

S

−
24

.2
41

−
10

.3
87

0.
02

1
−

0.
16

7
−

24
.9

01
10

.5
42

0.
02

0
−

0.
17

2
−

29
.2

50
20

.1
68

0.
15

0
−

0.
13

4
−

14
.2

13
24

.2
54

0.
55

9
−

0.
05

0

(3
.2

) 
E

xe
rc

is
in

g 
re

sp
on

se
 

p
la

ns

0.
32

−
0.

14
3

0.
02

8
0.

14
4

0.
30

9
0.

14
1

0.
03

0
0.

14
0

0.
36

4
0.

24
4

0.
14

0
0.

11
1

0.
29

5
0.

30
6

0.
33

7
0.

06
8

S
tr

in
ge

nc
y 

of
 

in
te

rv
en

tio
ns

 
at

 d
ay

 X

0.
21

9
−

0.
23

1
0.

34
6

0.
06

0
0.

52
3

0.
26

9
0.

05
5

0.
12

6
0.

05
5

0.
55

7
0.

92
2

0.
00

9
0.

57
2

0.
56

7
0.

31
5

0.
07

4

O
th

er

(6
.4

) 
E

nv
iro

nm
en

ta
l 

ris
ks

−
1.

52
9

−
0.

55
1

0.
00

7
−

0.
22

7
−

1.
47

4
0.

54
3

0.
00

8
−

0.
21

8
−

2.
14

7
1.

02
5

0.
03

9
−

0.
20

9
−

4.
95

8
1.

10
8

0.
00

0
−

0.
37

4

P
ol

ar
is

at
io

n 
of

 
so

ci
et

y*
−

10
.6

6
−

4.
54

2
0.

02
1

−
0.

21
7

−
9.

84
0

4.
62

7
0.

03
6

−
0.

20
0

−
14

.3
60

8.
21

4
0.

08
4

−
0.

19
2

−
11

.4
91

11
.4

21
0.

31
7

−
0.

11
7

(5
.3

) 
In

te
rn

at
io

na
l 

co
m

m
itm

en
ts

0.
34

5
−

0.
18

7
0.

06
7

0.
16

7
0.

29
6

0.
18

7
0.

11
5

0.
14

3
0.

43
6

0.
33

8
0.

20
1

0.
14

1
0.

82
3

0.
45

3
0.

07
2

0.
19

9

(5
.4

) J
E

E
 a

nd
 

P
V

S
−

0.
34

5
−

0.
23

7
0.

14
8

−
0.

10
6

−
0.

29
6

0.
23

5
0.

21
1

−
0.

09
1

−
0.

39
9

0.
42

4
0.

34
9

−
0.

08
2

−
0.

17
0

0.
53

6
0.

75
2

−
0.

02
8

(5
.6

) 
C

om
m

itm
en

t 
to

 s
ha

rin
g 

of
 

ge
ne

tic
 a

nd
 

b
io

lo
gi

ca
l 

d
at

a 
an

d
 

sp
ec

im
en

s

−
0.

65
−

0.
61

1
0.

29
0

−
0.

08
8

0.
55

7
0.

58
4

0.
34

3
−

0.
07

5
−

0.
37

2
0.

92
2

0.
68

7
−

0.
03

6
−

0.
76

2
1.

08
6

0.
48

4
−

0.
05

4

(5
.1

) I
H

R
 

re
p

or
tin

g 
co

m
p

lia
nc

e 
an

d
 d

is
as

te
r 

ris
k 

re
d

uc
tio

n

0.
19

3
−

0.
19

6
0.

32
6

−
0.

14
2

0.
19

0
0.

19
4

0.
32

8
0.

06
6

0.
31

6
0.

34
8

0.
36

7
0.

07
3

−
0.

06
4

0.
46

8
0.

89
2

−
0.

01
1

(2
.3

) 
E

p
id

em
io

lo
gy

 
w

or
kf

or
ce

−
0.

14
−

0.
18

1
0.

43
9

−
0.

06
0

−
0.

11
5

0.
18

4
0.

53
3

−
0.

04
9

−
0.

39
6

0.
31

8
0.

21
6

−
0.

10
7

−
0.

56
1

0.
38

0
0.

14
3

−
0.

11
7

Ta
b

le
 2

 
C

on
tin

ue
d

C
on

tin
ue

d



Rose SM, et al. BMJ Global Health 2021;6:e007581. doi:10.1136/bmjgh-2021-007581 7

BMJ Global Health

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
10

0 
d

ay
s

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
30

0 
d

ay
s

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
40

0 
d

ay
s 

af
te

r 
ad

ju
st

in
g

 f
o

r 
va

cc
in

at
io

n

E
xc

es
s 

m
o

rt
al

it
y 

p
er

 1
00

 0
00

 
in

d
iv

id
ua

ls
 a

t 
50

0 
d

ay
s 

af
te

r 
ad

ju
st

in
g

 
fo

r 
va

cc
in

at
io

n

Fu
lly

 
va

cc
in

at
ed

 
p

eo
p

le
 p

er
 

10
0 

in
d

iv
id

ua
ls

–
–

–
 

 
–

–
–

 
 

−
0.

37
8

0.
97

3
0.

69
9

−
0.

02
3

0.
14

3
0.

79
9

0.
85

8
0.

01
9

C
on

st
an

t
10

2.
88

65
.8

94
0.

12
1

 
 

98
.5

72
65

.8
71

0.
13

7
 

 
14

7.
66

2
10

9.
23

7
0.

18
0

 
 

27
1.

65
61

14
2.

26
74

0.
05

9
 

 

M
ea

n 
va

ri
an

ce
 

in
fl

at
io

n 
fa

ct
o

r

1.
85

0
 

 
 

 
1.

86
0

 
 

 
 

 
 

 
 

1.
80

0
 

 
 

 
 

 
1.

90
0

 
 

 
 

O
b

se
rv

at
io

ns
12

8
 

 
 

 
12

8
 

 
 

 
 

 
 

 
11

2
 

 
 

 
 

 
11

7
 

 
 

 

R
- s

q
ua

re
d

0.
58

8
 

 
 

 
0.

59
7

 
 

 
 

 
 

 
 

0.
53

4
 

 
 

 
 

 
0.

56
6

 
 

 
 

In
d

ic
at

es
 s

ta
tis

tic
al

 s
ig

ni
fic

an
ce

 t
o 

p
<

0.
05

 le
ve

l.

In
d

ic
at

es
 s

ta
tis

tic
al

 s
ig

ni
fic

an
ce

 t
o 

p
<

0.
1 

le
ve

l.

Th
e 

st
an

d
ar

d
is

ed
 b

et
a 

co
m

p
ar

es
 t

he
 s

tr
en

gt
h 

of
 t

he
 e

ffe
ct

 o
f e

ac
h 

in
d

iv
id

ua
l i

nd
ep

en
d

en
t 

va
ria

b
le

 t
o 

th
e 

d
ep

en
d

en
t 

va
ria

b
le

. A
 n

eg
at

iv
e 

b
et

a 
va

lu
e 

(re
p

re
se

nt
ed

 in
 g

re
en

) i
nd

ic
at

es
 

fe
w

er
 e

xc
es

s 
d

ea
th

s 
an

d
 t

he
re

fo
re

 a
 b

et
te

r 
re

sp
on

se
. A

 p
os

iti
ve

 b
et

a 
va

lu
e 

(re
p

re
se

nt
ed

 in
 o

ra
ng

e)
 s

ug
ge

st
s 

th
at

 t
he

 v
ar

ia
b

le
 h

ad
 a

 d
et

rim
en

ta
l e

ffe
ct

 o
n 

th
e 

q
ua

lit
y 

of
 t

he
 r

es
p

on
se

, 
co

rr
el

at
in

g 
w

ith
 a

 g
re

at
er

 n
um

b
er

 o
f d

ea
th

s.
 Y

el
lo

w
 s

ha
d

in
g 

re
p

re
se

nt
s 

a 
re

su
lt 

th
at

 is
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t 
to

 t
he

 p
<

0.
05

 le
ve

l. 
B

lu
e 

sh
ad

in
g 

re
p

re
se

nt
s 

a 
re

su
lt 

th
at

 is
 s

ta
tis

tic
al

ly
 

si
gn

ifi
ca

nt
 t

o 
th

e 
p

<
0.

10
 le

ve
l.

*V
ar

ia
b

le
s 

m
ea

su
rin

g 
p

ol
iti

ca
l a

nd
 s

oc
ie

ta
l p

ol
ar

is
at

io
n 

w
er

e 
sc

or
ed

 in
 a

 m
an

ne
r 

w
he

re
 a

 lo
w

er
 s

co
re

 in
d

ic
at

es
 s

ig
ni

fic
an

t 
p

ol
ar

is
at

io
n,

 a
nd

 a
n 

in
cr

ea
se

 in
 s

co
re

 r
ep

re
se

nt
s 

a 
d

ec
re

as
e 

in
 

p
ol

ar
is

at
io

n.
JE

E
, J

oi
nt

 E
xt

er
na

l E
va

lu
at

io
n;

 M
E

R
S

, M
id

d
le

 E
as

t 
re

sp
ira

to
ry

 s
yn

d
ro

m
e;

 P
V

S
, P

er
fo

rm
an

ce
 o

f V
et

er
in

ar
y 

S
er

vi
ce

s;
 S

A
R

S
, S

ev
er

e 
ac

ut
e 

re
sp

ira
to

ry
 s

yn
d

ro
m

e.

Ta
b

le
 2

 
C

on
tin

ue
d



8 Rose SM, et al. BMJ Global Health 2021;6:e007581. doi:10.1136/bmjgh-2021-007581

BMJ Global Health

Several GHS variables were positively correlated with 
excess mortality over the course of the pandemic. For the 
indicator assessing international health security commit-
ments, a one- point score increase correlated to 0.345 
more deaths per 100 000 individuals at 100 days (p=0.067, 
β=0.167). By 500 days, the same increase correlated with 
an increase of 0.823 deaths per 100 000 individuals 
(p=0.072, β=0.199). Exercising response plans was also 
consistently associated with increased excess mortality: a 
one- point increase correlated to 0.320 additional deaths 
per 100 000 individuals (p=0.028, β=0.144) at 100 days 
and 0.364 deaths per 100 000 individuals (p=0.140, 
β=0.111) at 400 days. Finally, a one- point increase in the 
indicator assessing trade and travel restrictions was asso-
ciated with 0.770 more deaths per 100 000 individuals on 
day 100 (p=0.006, β=0.154) and 0.912 more deaths per 
100 000 individuals by day 500 (p=0.134, β=0.091).

For the regression examining excess mortality at 100 
days, the Cook- Weisberg test for heteroscedasticity 

resulted in a χ2 of 4.26, corresponding to Prob>χ2=0.039, 
indicating heteroscedasticity may be present. The regres-
sion examining excess mortality at 300 and 400 days had 
a χ2 of 4.14, corresponding to Prob>χ2=0.0419 and a 2 
of 4.95, corresponding to Prob>χ2=0.026, respectively. 
When conducted for the regression examining excess 
mortality at 500 days, the Cook- Weisberg test resulted in 
a χ2 of 3.37, corresponding to Prob>χ2=0.067, indicating 
no heteroscedasticity was present. To account for poten-
tial heteroscedasticity across all analyses, robust variance 
estimates were used.

Finally, correlation analyses were performed to quan-
tify the relationship between countries’ surveillance and 
reporting capacities and other components of capacity 
measured by the Index. Increasing urbanisation was 
found to be correlated with greater surveillance and 
reporting capacity (figure 1). Due to normalised scoring 
of the urbanisation subindicator (where 100=a lack of 
urbanisation), this relationship is presented as a negative 
correlation (Pearson coefficient=−0.370). The subindica-
tors assessing international commitments (Pearson coef-
ficient=0.669) and political and security risk (Pearson 
coefficient=0.299) had strong and moderate positive 
correlations with surveillance and reporting capacity, 
respectively (figure 2).

DISCUSSION
Our findings indicate a significant, consistent correlation 
between excess mortality and several variables contained 
in and external to the GHS Index, highlighting the 
importance of investing in their improvement and their 
potential to help characterise capacity in future Index 
iterations. They also reveal time- dependent impacts of 
other explanatory variables on excess mortality, which 
may aid future analyses of COVID- 19 outcomes and 
inform responses to ongoing public health events.

Characterising COVID-19 outcomes using the GHS Index
Our results suggest that GHS Index indicators had a time- 
dependent impact on excess mortality. The indicator 
inventorying countries’ epidemiology workforce (2.3) 
initially had a weak correlation with excess mortality that 
translated to a stronger protective effect by 400 days. 
This could indicate the importance of a robust epidemi-
ology workforce in sustaining successful strategies over 
extended periods and suggests continued investment 
in building this workforce would be valuable during 
ongoing emergencies. Other changes over time offer 
evidence that countries improved their ability to combat 
pandemic, despite an initial lack of capacity. The GHS 
Index indicator inventorying JEE and PVS completion 
was associated with decreased excess mortality 100 days 
into the pandemic, but this effect was less pronounced 
by 300 days and beyond. This suggests the relative advan-
tage conferred by the completion of benchmarking tools 
decreases as countries learn to recognise and address 
their shortcomings on the fly.

Figure 1 Correlation analysis of real time surveillance 
and reporting (2.2) and urbanisation (6.4.1.a) indicators. 
Indicators are normalised on a scale of 0–100, where 
100=most favourable for preparedness.

Figure 2 (A) Correlation analyses of GHS index real time 
surveillance and reporting (2.2) and international commitment 
(5.3) indicators; (B) correlation analyses of GHS index real 
time surveillance and reporting (2.2) and political and security 
risk (6.1) indicators. GHS, Global Health Security.
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The GHS Index indicator variable assessing environ-
mental risk (6.4) was associated with reduced excess 
mortality throughout. Countries with fewer urban 
centres, limited deforestation or lower risk of disrup-
tion following natural disasters, experienced less excess 
mortality than countries with greater environmental 
risks. This may be because countries with fewer densely 
populated urban centres—which are responsible for 90% 
of reported cases25—experience less COVID- 19 transmis-
sion. It could also be influenced by improved surveillance 
or reporting capacities in predominantly urbanised coun-
tries, which is supported by the correlation between these 
subindicators (figure 1). Future analyses should explore 
this relationship further.

We found that other GHS Index indicators were unex-
pectedly correlated with increased excess mortality, which 
we attribute to the inherent dependency of COVID- 19 
outcomes on countries’ capacity. Specifically, countries 
with demonstrated international health security commit-
ments (5.3) or lower political and security risk environ-
ments (6.1) experienced greater excess mortality. We 
hypothesise this is because countries who make these 
commitments or have more effective governments are 
more likely to have robust surveillance systems and 
thus may be more likely to capture COVID- 19 cases and 
related deaths, as well as vital statistics such as all- cause 
deaths. These vital statistics are required to produce accu-
rate excess mortality estimates, which is supported by the 
average surveillance and reporting score of countries with 
excess mortality estimates available versus those without 
(57.9/100 compared with 22.5/100). Our hypothesis was 
supported by the correlations between these subindica-
tors and real- time surveillance and reporting indicators 
(figure 2).

GHS Index indicators assessing trade and travel restric-
tions (3.7) and exercising of response plans (3.2) were 
also positively correlated with excess mortality. This may 
be attributed to the lack of score granularity within these 
subindicators. The subindicator assessing trade and travel 
restrictions—which penalises countries for enacting 
restrictions due to an infectious disease outbreak without 
international or bilateral support prior to 2019—shows 
little discrimination between countries, with only 10 
countries receiving less than 100 (all of which scored 
50/100). Subindicator 3.2 had a similarly limited spread, 
with countries receiving only a 0, 50 or 100, the majority 
of which received a zero (72.9%). Nonetheless, these 
findings reinforce the need for future analyses to account 
for the inherent reliance of outcome data on reporting 
and surveillance capacities.

The contribution of external variables to preparedness tools
We found that political and governance- related features 
of a country not captured by the 2019 Index, like social 
cohesion, lesser perceived corruption and less societal 
polarisation, were consistently negatively correlated with 
excess mortality. This suggests these population features 
have a sustained positive impact on a countries’ ability to 

prepare for, detect and respond to significant biological 
events and should therefore be considered for inclusion 
in future indices.

We hypothesised that social cohesion—the willingness 
of societies’ members to cooperate for survival and pros-
perity—may result in increased compliance with govern-
ment guidelines and safer social behaviours, leading 
to fewer deaths. We believe a similar effect underlies 
the reduced excess mortality associated with quality of 
and trust in governance measured by the CPI. That is, 
populations who perceive their government as trust-
worthy are more likely to comply and respond well to 
their government’s recommendations and strategies. 
This may partially characterise the performance of coun-
tries like New Zealand, who are perceived as the least 
corrupt government in the world by their population. (As 
reflected in their #1 ranking in the 2020 CPI.) The New 
Zealand population were largely compliant with govern-
ment guidelines and reported little public dissatisfaction 
towards their government’s COVID- 19 approach.26–28 
Hypotheses relating to greater social trust and improved 
COVID- 19 outcomes have been explored and supported 
elsewhere in recent literature.29–31

In addition to assessing perception, we looked at objec-
tive measures of social and political polarisation. Our 
findings demonstrate consistent correlation between 
lower social polarisation and reduced excess mortality. 
Countries that are polarised politically or socially face 
issues in uniting behind common goals, which could 
result in a reduction in support of, or compliance with, 
government recommendations related to COVID- 19.32 33 
Though political polarisation—which reflects a reluc-
tance to engage with opposing political camps—was not 
found to be significantly associated with excess mortality 
in this study, it can also beget social polarisation.34 This 
may have contributed to the performance of countries 
like the USA and UK: both populations have experienced 
increasing political and societal polarisation in recent 
years and faced significant public pushback against, and 
non- compliance with, their COVID- 19 guidance and 
control measures.35–38

These findings suggest that improved social cohe-
sion and reduced sociopolitical polarisation are key 
contributing factors to countries’ ability to leverage their 
preparedness measures and should be areas of concern 
when considering future biological threats. This, in addi-
tion to the sizeable ‘peacetime’ benefits conferred by 
these population features—which could also extend to 
reduce ‘war time’ risks outside of pandemics—suggest 
investment in strategies to foster societal cohesion and 
mitigate polarisation would be extremely valuable.

The time- dependent impact of other external variables 
offers further evidence that countries developed capacity 
over the course of the pandemic. Previous experience 
dealing with SARS or MERS was significantly correlated 
with reduced excess mortality at 100 and 300 days. We 
hypothesise this was due to the applicability of prior 
strategies or the opportunity for previous shortcomings 
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to inform strategies. This is true of countries like South 
Korea, who reformed their capacity following a 2015 
MERS outbreak and were one of few countries that 
experienced no excess mortality due to COVID- 1939–41 
However, this effect was less pronounced by 500 days, 
offering evidence that the relative advantage of this expe-
rience decreased as other countries adapted their capac-
ities and responses on the fly.

Correlations between external variables and excess 
mortality during the COVID- 19 pandemic highlight the 
potential utility of these variables within future Index 
iterations. However, caution should be applied when 
extrapolating findings from COVID- 19 to pandemic 
preparedness against other biological events, like other 
pathogen types or threats deliberate in nature. Additional 
variables should remain consistent with the Index’s aim 
to benchmark countries’ capacities against all categories 
of potential biological threats.

Learning from COVID-19
The COVID- 19 pandemic exposed many of the gaps in 
capacity also identified in the 2019 GHS Index, further 
emphasising its finding that no countries were adequately 
prepared for a major biological event. However, in 
putting capacities to the test, it also served as an opportu-
nity for countries to identify and remedy their shortcom-
ings. Our findings offer some evidence that countries 
improved components of their capacity as the pandemic 
progressed. However, sustaining these improvements and 
translating them into enduring health systems—thereby 
strengthening preparedness against future biological 
threats—will require significant investment and political 
will.

Fixed features versus controllable factors
In considering how our findings should inform future 
preparedness efforts, it is crucial to distinguish between 
fixed variables and controllable factors that are reflective 
of a country’s preparation or capacity. While fixed vari-
ables are outside a country’s control (island status) or 
difficult to address in the short term (corruption), being 
able to understand which countries are likely to experi-
ence the greatest challenges during an unfolding event is 
useful for global risk assessment efforts.

While characterising countries’ vulnerability is useful, 
attention and resources must be invested into addressing 
controllable factors. In analysing excess mortality across 
the first 500 days of the COVID- 19 pandemic, we were able 
to further distinguish between controllable factors that 
are associated with reduced excess mortality throughout 
and those that are impactful at particular stages. Our 
findings could be used, in conjunction with countries’ 
risk profiles, to inform national priorities during non- 
crisis periods and provide suggestions for how these 
might change during an ongoing crisis.

We identify two fixed sociodemographic variables that 
help characterise countries’ risk profile: island status and 
the population share over 65 years. Our results indicate 

that island countries have a consistently reduced risk 
profile in the face of biological events. This protective 
effect is likely attributed to the increased control over 
the inflow of potentially infected individuals. Being an 
island may also be correlated with historically increased 
consideration of—and investment in—biosecurity rela-
tive to non- island countries, given the inherent fragility 
of island ecosystems.42

Countries with more elderly individuals tended to 
have greater excess mortality, at all time points assessed, 
consistent with previous coronavirus epidemics.43 While 
governments cannot intervene to address these features, 
our findings serve as further motivation for countries 
who are particularly vulnerable due to their geographic 
connectivity or older populations to compensate by 
improving the other features of their capacity.

Finally, it is important to note that an inherently lower 
risk profile does not justify less investment in health 
security capacity. Biological threats, whether natural or 
man made in nature, do not respect national borders. 
Increasing global connectedness means that any weak-
nesses in global health security pose a threat to countries 
worldwide, underscoring the need for all countries to be 
prepared.

Limitations
Our study is subject to several limitations. First, any quan-
tification of countries’ COVID- 19 performance is subject 
to limitations given the ongoing nature of the pandemic 
and the lack of standardisation of COVID- 19 outcome 
data. Though using excess mortality as our outcome 
somewhat accounts for reporting discrepancies, countries 
still vary in their maintenance of vital statistics and ability 
to enumerate all- cause deaths. The outcomes and rela-
tionships presented in this analysis are therefore subject 
to change as more information becomes available.

Similarly, the outcome data used are best estimates 
of countries’ excess mortality during COVID- 19 given 
available data and are limited by the lack of information 
needed to make accurate assessments in the lowest income 
settings. It could be the case that countries lacking robust 
surveillance capabilities are unable to adequately track 
and report all- cause deaths, thus obscuring the extent of 
excess mortality occurring because of COVID- 19. This 
is supported by the mean surveillance and reporting 
subindicator score of 7.75/100 for the 17 countries 
lacking excess mortality data at 500 days, nine of which 
had scores of zero. This may have contributed to conser-
vative excess mortality estimates for lesser prepared 
countries that artificially improved the quality of their 
COVID- 19 response. Our study is also subject to the 
limitations of the GHS Index itself, including the exclu-
sive reliance of the Index on publicly accessible material 
to quantify countries’ capacities.

Like all ecological studies, our study is subject to the 
ecological fallacy given the country- level nature of our 
data. Country- level analysis may also obscure variation 
within countries: a single stringency value for the USA 



Rose SM, et al. BMJ Global Health 2021;6:e007581. doi:10.1136/bmjgh-2021-007581 11

BMJ Global Health

cannot capture granular county- level differences, which 
may also partially account for inconsistencies in outcomes 
compared with national preparedness assessments. We 
are also restricted to presenting correlation and cannot 
demonstrate causation.

While external variables like social cohesion account 
for some variation in excess mortality, these features may 
be insufficiently captured by a single metric. Finally, addi-
tional factors influencing excess mortality were not incor-
porated into these analyses. For instance, we lack global 
data on the presence and structure of aged- care facili-
ties, which have been linked to increased mortality from 
COVID- 19.44–47 While, ideally, COVID- 19 outcome data 
would be age adjusted, global age- adjusted mortality data 
are lacking, although we attempted to account for this 
using the share of the population over 65 as an imper-
fect proxy. We also did not include a variable to adjust 
for the severity of the pandemic within countries, as data 
reflecting this were not available for many countries at 
the time points of interest. Failure to adjust for these 
factors may have resulted in the presence of residual 
confounding.

CONCLUSION
Our results suggest future Index iterations and other 
preparedness tools would benefit from the inclusion of 
additional political and governance variables. Indicators 
assessing sociopolitical polarisation, social cohesion and 
perception of corruption had strong associations with 
countries’ excess mortality throughout the first 500 days 
of the COVID- 19 pandemic. This suggests they could 
help characterise countries’ ability to prepare for, detect 
and respond to significant biological events and high-
lights them as potential areas for future preparedness 
investments. We identified other, fixed characteristics 
like geographic connectedness and elderly population 
size that increase countries’ risk profile and should be 
used to identify particularly vulnerable countries with a 
greater need for preparedness investments.

Our findings also offer insight into the relative impact 
of strengthening different preparedness areas during 
ongoing public health emergencies. Data suggest 
investing in the epidemiological workforce during a 
biological event may positively impact the outcome of 
such events, whereas the completion of preparedness 
assessments has greater impact prior to, or at the imme-
diate outset of, an event. Further exploration of these 
relationships and other real- time impact assessments is 
desirable.

COVID- 19 is unlikely to be the last biological catastrophe 
we face. The risk of biological threats, be they naturally 
occurring, accidental or deliberate, continues to rise, and 
it is clear we are globally insufficiently prepared to handle 
them. The COVID- 19 pandemic provided an opportu-
nity to assess the inaugural GHS Index’s array of factors 
hypothesised to influence countries abilities to respond 
to such events and identify factors for inclusion in future 

iterations. These additions enhance the usefulness of 
the Index as a tool for characterising individual coun-
tries’ risk profiles and identifying gaps in their health 
security, allowing governments to effectively allocate 
resources and develop policies to address shortcomings. 
In identifying risks and gaps in the capacity of countries 
worldwide, the GHS Index remains an important tool 
for helping decision makers at the regional and interna-
tional level monitor progress in, advocate for and take 
action towards strengthening global health security.
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