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a b s t r a c t 

Objectives: We assessed short-, medium-, and long-term all-cause mortality risks after a primary SARS- 

CoV-2 infection. 

Methods: A national, matched, retrospective cohort study was conducted in Qatar to assess risk of 

all-cause mortality in the national SARS-CoV-2 primary infection cohort compared with the national 

infection-naïve cohort. Associations were estimated using Cox proportional-hazards regression models. 

Analyses were stratified by vaccination status and clinical vulnerability status. 

Results: Among unvaccinated persons, within 90 days after primary infection, the adjusted hazard ra- 

tio (aHR) comparing mortality incidence in the primary-infection cohort with the infection-naïve cohort 

was 1.19 (95% confidence interval 1.02-1.39). aHR was 1.34 (1.11-1.63) in persons more clinically vulner- 

able to severe COVID-19 and 0.94 (0.72-1.24) in those less clinically vulnerable. Beyond 90 days after 

primary infection, aHR was 0.50 (0.37-0.68); aHR was 0.41 (0.28-0.58) at 3-7 months and 0.76 (0.46-1.26) 

at ≥8 months. The aHR was 0.37 (0.25-0.54) in more clinically vulnerable persons and 0.77 (0.48-1.24) in 

✩ Drs. Chemaitelly and Faust contributed equally. 
∗ Corresponding author. 

E-mail address: lja2002@qatar-med.cornell.edu (L.J. Abu-Raddad) . 

https://doi.org/10.1016/j.ijid.2023.09.005 

1201-9712/© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 

https://doi.org/10.1016/j.ijid.2023.09.005
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2023.09.005&domain=pdf
mailto:lja2002@qatar-med.cornell.edu
https://doi.org/10.1016/j.ijid.2023.09.005
http://creativecommons.org/licenses/by/4.0/


H. Chemaitelly, J.S. Faust, H.M. Krumholz et al. International Journal of Infectious Diseases 136 (2023) 81–90 

less clinically vulnerable person  

primary-infection versus infecti

Conclusions: COVID-19 mortalit  

who were already vulnerable to

© 2023 The Author(s).  

This is an open access art  

I

o

a

1

t

d

C

a

t

v

d

a

f

i

l

w

p

v

i

n

i

a

s

t

w

a

t

a

w

T

b

d

i

a

S

2

i

W

t

M

S

d

f

W

b

c

i

w

f

f

f

w

c

p

Q

m

r

o

Q

2

d

b

S

p

s

n

c

n

2

fi

o

C

g

4

(

m

c

g

[

i

[

i

h

h

a

p

s

i

m

t

p

m

i

t

ntroduction 

SARS-CoV-2 infection causes mortality [1] . These deaths may 

ccur because of factors related to the virus, the host, and avail- 

ble vaccinations and treatments. For example, death from COVID- 

9 may occur because of the infection’s capacity to cause harm 

hat results in death in otherwise healthy persons (viral virulence 

eaths). COVID-19-associated death may also occur because SARS- 

oV-2 infection exacerbates the health condition of people who 

re more vulnerable to death in the short-term independent of 

he virus because of severe underlying coexisting conditions or ad- 

anced age (“forward displacement of mortality” [2 , 3] ). COVID-19 

eath may also happen because of long-term consequences of the 

cute SARS-CoV-2 infection. While systemic damage at time of in- 

ection may not be sufficient to cause immediate death, it could 

ntroduce health conditions or Long COVID [4] , causing death at a 

ater stage. 

The relative and absolute contribution from each of these path- 

ays to COVID-19 mortality remains unknown, both in the overall 

opulation and within specific population groups categorized by 

ulnerability to severe COVID-19 or vaccination status. The distinct 

mpact of these pathways on various population subgroups has 

ot been characterized and could differ. Consequently, conduct- 

ng a comprehensive analysis encompassing the entire population, 

longside a focused investigation targeting specific key cohorts—

uch as those with older age or pre-existing conditions linked 

o heightened vulnerability to severe COVID-19, as well as those 

ithout, further differentiated by their vaccination status—provides 

n opportunity to gain clarity and enhance our understanding of 

he underlying factors driving mortality during the pandemic. The 

ssessment of the relative and absolute influence of these path- 

ays is imperative for informing effective public health strategies. 

his understanding is pivotal in guiding the optimal deployment of 

oth pharmacological and non-pharmacological interventions for 

iverse population segments, ultimately leading to favorable mod- 

fications in COVID-19 mortality rates. 

To address this knowledge gap, we investigated incidence of 

ll-cause mortality, including COVID-19 mortality, after a primary 

ARS-CoV-2 infection in the Qatar national cohort of SARS-CoV- 

 infected persons compared with a reference control cohort of 

nfection-naïve persons from pandemic onset up to the present. 

e also sought to elucidate the contribution of these pathways to 

he overall COVID-19 mortality in specific population subgroups. 

ethods 

tudy population and data sources 

This study was conducted on the population of Qatar using 

ata between February 5, 2020, when the first SARS-CoV-2 in- 

ection was documented in this country, and November 14, 2022. 

e analyzed the national, federated, mortality database managed 

y the Hamad Medical Corporation, the national public health- 

are provider in Qatar [5] . The database includes all death records, 

ncluding both deaths occurring at healthcare facilities and else- 

here (Section S1 of the Supplementary Appendix). 
82 
s. Among vaccinated persons, mortality incidence was comparable in the

on-naïve cohorts, regardless of clinical vulnerability status. 

y was primarily driven by an accelerated onset of death among individuals

 all-cause mortality, but vaccination prevented these accelerated deaths. 

 Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases. 

icle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ )

The study further analyzed the national, federated databases 

or COVID-19 laboratory testing, vaccination, and death, retrieved 

rom the integrated, nationwide, digital-health information plat- 

orm (Section S1). Databases include all SARS-CoV-2-related data 

ith no missing information since the onset of the pandemic, in- 

luding all polymerase chain reaction (PCR) tests and medically su- 

ervised rapid antigen tests (Section S2). SARS-CoV-2 testing in 

atar is done at large scale, and up to October 31, 2022, was 

ostly done for routine reasons such as for screening or travel- 

elated purposes, with infections primarily diagnosed not because 

f appearance of symptoms, but because of routine testing [6 , 7] . 

atar launched its COVID-19 vaccination program in December 

020 using the BNT162b2 and mRNA-1273 vaccines [8] . Detailed 

escriptions of Qatar’s population and the national databases have 

een reported previously [6 , 7 , 9 , 10] . 

tudy design and cohorts 

A matched, retrospective, cohort study was conducted to com- 

are incidence of all-cause mortality in the national cohort of per- 

ons who had a documented primary SARS-CoV-2 infection (desig- 

ated the primary-infection cohort) to that in a national reference 

ontrol cohort of infection-naïve persons (designated the infection- 

aïve cohort). 

Primary infection was defined as the first record of a SARS-CoV- 

-positive test regardless of symptoms. All-cause mortality was de- 

ned as any death, regardless of cause (including COVID-19), that 

ccurred during follow-up. 

ohorts’ matching and eligibility 

Cohorts were matched exactly one-to-one by sex, 10-year age 

roup, nationality, number of coexisting conditions (0, 1, 2, 3, 

, 5, or ≥6 coexisting conditions; Section S1), vaccination status 

unvaccinated, 1, 2, 3, or 4 doses), and vaccine type (BNT162b2, 

RNA-1273, or pediatric BNT162b2), using the Stata 17.0 ccmatch 

ommand, to balance observed confounders between exposure 

roups that are potentially related to risks of mortality or infection 

9 , 11–14] . Exact matching refers here to the pairing of individuals 

n these cohorts based on identical values for the matching factors 

15] . 

Matching was also done by calendar week of the test diagnos- 

ng the primary infection for persons in the primary-infection co- 

ort and of a SARS-CoV-2-negative test for the infection-naïve co- 

ort. That is, persons who had the primary infection diagnosed in 

 specific calendar week were matched to unique infection-naïve 

ersons who had a record of a SARS-CoV-2-negative test in that 

ame calendar week. This was done to ensure that those in the 

nfection-naïve cohort were not infected at the time of recruit- 

ent, to control for time-variable differences in mortality risk, and 

o ensure that matched pairs were present in Qatar in the same 

eriod. Cohorts were also matched exactly by SARS-CoV-2 testing 

ethod (PCR versus rapid antigen testing) and by reason for test- 

ng (Section S1) to control for potential differences in presence of 

esting modalities between cohorts. 

http://creativecommons.org/licenses/by/4.0/
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Persons were eligible for inclusion in the primary-infection co- 

ort if they had a record of a SARS-CoV-2-positive test, but no 

ecord of vaccine doses mixing different vaccines by the start of 

ollow-up. Persons were eligible for inclusion in the infection-naïve 

ohort if they had a record for at least one SARS-CoV-2-negative 

est. Persons with a record of vaccination with a non-mRNA vac- 

ine or an unspecified vaccine type were excluded. 

Matching was performed iteratively such that persons in the 

nfection-naïve control cohort were alive and had no record, by the 

tart of follow-up, of a SARS-CoV-2-positive test, or vaccine doses 

ixing different vaccines, or a new vaccine dose between the time 

f the SARS-CoV-2-negative test and the start date of follow-up. 

ohorts’ follow-up 

Follow-up was from 1 day before the primary infection to 

ccount for situations where testing was done immediately post- 

ortem (to determine cause of death), through the end of the 

tudy (November 14, 2022). Some persons contributed follow-up 

ime first in the infection-naïve cohort, while matched to persons 

ith primary infections, and subsequently contributed data to the 

rimary-infection cohort after infection (at which point they were 

atched to persons who were still infection-naïve). Matching was 

terated with as many replications as needed until exhaustion (i.e., 

o more matched pairs could be identified). 

For exchangeability [10 , 16] , both members of each matched pair 

ere censored as soon as the person in the primary-infection co- 

ort was reinfected, or the person in the infection-naïve cohort 

as infected, or one of them received a new vaccine dose (change 

n vaccination status). Reinfection was defined as a documented in- 

ection ≥90 days after an earlier infection, to avoid misclassifica- 

ion of prolonged SARS-CoV-2-positivity as reinfection [6] . Accord- 

ngly, individuals were followed up until the first of any of the fol- 

owing events: a documented reinfection (with matched pair cen- 

oring), a documented infection (with matched pair censoring), a 

hange in vaccination status (with matched-pair censoring), death 

rom any cause, or administrative end of follow-up (November 14, 

022). 

lassification of COVID-19 death 

Classification of COVID-19 deaths followed World Health Or- 

anization (WHO) guidelines [17] (Section S1). Assessments were 

ade by trained medical personnel independent of study inves- 

igators and using individual chart reviews, as part of a national 

rotocol applied to every deceased patient since pandemic onset. 

linical vulnerability status 

Persons less clinically vulnerable to severe COVID-19 were de- 

ned as those < 50 years of age and with one or no coexisting con-

itions [18] . Persons more clinically vulnerable to severe COVID-19 

ere defined as those ≥50 years of age, or < 50 years of age but

ith ≥2 coexisting conditions [18] . 

versight 

The institutional review boards at Hamad Medical Corpora- 

ion and Weill Cornell Medicine–Qatar approved this retrospec- 

ive study with a waiver of informed consent. The study was re- 

orted according to the Strengthening the Reporting of Observa- 

ional Studies in Epidemiology (STROBE) guidelines (Table S1). The 

uthors vouch for the accuracy and completeness of the data and 

he fidelity of the study to the protocol. Data used in this study 

re the property of the Ministry of Public Health of Qatar and were 

rovided to the researchers through a restricted-access agreement 

or preservation of confidentiality of patient data. 
83 
tatistical analysis 

Eligible and matched cohorts were described using frequency 

istributions and measures of central tendency and were compared 

sing standardized mean differences (SMDs). An SMD of ≤0.1 indi- 

ated adequate matching. 

For both unvaccinated and vaccinated persons, two analyses 

ere conducted to compare incidence of all-cause mortality in the 

rimary-infection and infection-naïve cohorts during the first 90 

ays after the primary infection (Acute SARS-CoV-2 Infection Mor- 

ality Analysis) and from 91 days and thereafter (Post-acute SARS- 

oV-2 Mortality Analysis). 

Cumulative incidence of death (defined as proportion of per- 

ons at risk, whose primary endpoint during follow-up was death) 

as estimated using the Kaplan-Meier estimator method. Inci- 

ence rate of death in each of unvaccinated and vaccinated persons 

f each cohort, defined as number of deaths divided by number of 

erson-years contributed by all individuals in the cohort, was esti- 

ated, with the corresponding 95% confidence interval (CI), using 

 Poisson log-likelihood regression model with the Stata 17.0 stp- 

ime command. 

Overall hazard ratios, comparing incidence of death in the co- 

orts and corresponding 95% CIs, were calculated using Cox regres- 

ion adjusted for the matching factors with the Stata 17.0 stcox 

ommand. The overall hazard ratios provided a weighted average 

f the time-varying hazard ratios [19] . Adjusted hazard ratios were 

lso estimated for different time intervals after start of follow-up 

sing separate Cox regressions with “failures” restricted to specific 

ime intervals. These time intervals were informed by the observed 

umulative incidence of death, estimated using the Kaplan-Meier 

ethod. 

Schoenfeld residuals and log-log plots for survival curves were 

sed to examine the proportional hazards assumption. CIs were 

ot adjusted for multiplicity; thus, they should not be used to infer 

efinitive differences between groups. Interactions were not con- 

idered except in sensitivity analysis. Adjusted hazard ratios were 

stimated for subgroups of the study cohorts including persons 

ho are less or more clinically vulnerable to severe COVID-19. 

The conceptual approach in this study was to construct the 

atched cohorts in a manner that allows disaggregation of the full 

ohorts into separate sub-studies for each unvaccinated and vac- 

inated person and assess study outcomes for these subgroups. A 

isadvantage is that this may entail different population composi- 

ions other than the ones of interest. In a sensitivity analysis to in- 

estigate whether this may have affected study results, study out- 

omes for these subgroups were calculated instead using interac- 

ion terms between study cohorts and vaccination or clinical vul- 

erability statuses. Cox interaction models were applied to the full 

ohorts. 

Another sensitivity analysis was conducted by restricting the 

tudy to only Qataris, that is excluding all expatriates, to assess 

hether travel or leaving the country for expatriates may have 

ffected study results. Statistical analyses were performed using 

tata/SE version 17.0 (Stata Corporation, College Station, TX, USA). 

ole of the funding source 

The funders had no role in the study design; the collection, 

nalysis, or interpretation of the data; or the writing of the 

anuscript. 

esults 

Figure S1 shows the study population selection process. Table 

2 describes baseline characteristics of the full and matched co- 

orts. Matched cohorts each included 685,871 persons. 
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Table 1 

Adjusted hazard ratio for all-cause death in the matched primary-infection and infection-naïve cohorts for each of unvaccinated and vaccinated persons. 

Unvaccinated Vaccinated 

Epidemiological measures Primary-infection cohort ∗ Control cohort ∗ Primary-infection cohort ∗ Control cohort ∗

Acute SARS-CoV-2 Infection Mortality Analysis 

Sample size 460,620 460,620 225,251 225,251 

Total follow-up time (person-years) 94,267 94,271 40,426 40,424 

Number of deaths during follow-up 342 288 59 74 

Incidence rate of death (per 1,000 person-years; 95% CI) 3.63 (3.26 to 4.03) 3.06 (2.72 to 3.43) 1.46 (1.13 to 1.88) 1.83 (1.46 to 2.30) 

Unadjusted hazard ratio for death (95% CI) 1.17 (1.00 to 1.36) 0.80 (0.57 to 1.12) 

Adjusted hazard ratio for death (95% CI) † 1.19 (1.02 to 1.39) 0.74 (0.50 to 1.09) 

Post-acute SARS-CoV-2 Infection Mortality Analysis 

Sample size 315,489 315,506 131,960 131,942 

Total follow-up time (person-years) 187,359 187,319 56,521 56,509 

Number of deaths during follow-up 72 142 45 44 

Incidence rate of death (per 1,000 person-years; 95% CI) 0.38 (0.31 to 0.48) 0.76 (0.64 to 0.89) 0.80 (0.59 to 1.07) 0.78 (0.58 to 1.05) 

Unadjusted hazard ratio for death (95% CI) 0.51 (0.38 to 0.68) 1.02 (0.67 to 1.55) 

Adjusted hazard ratio for death (95% CI) † 0.50 (0.37 to 0.66) 1.10 (0.68 to 1.78) 

CI denotes confidence interval. 
∗ Each person in the primary-infection cohort was matched exactly one-to-one by sex, 10-year age group, nationality, number of coexisting conditions, vaccination 

status, vaccine type, SARS-CoV-2 testing method, reason for testing, and calendar week of testing to a person with a SARS-CoV-2-negative test who, by the start of the 

follow-up, was alive, infection free, and did not receive vaccine doses with different vaccines, or a new vaccine dose between the SARS-CoV-2-negative test and the 

start date of follow-up. 
† Cox regression analysis adjusted for sex, 10-year age group, 10 nationality groups, number of coexisting conditions, vaccination status, vaccine type, SARS-CoV-2 

testing method, reason for testing, and calendar week of testing. 
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nvaccinated population 

cute SARS-CoV-2 Infection Mortality Analysis 

In this analysis, the median follow-up was 91 days (interquar- 

ile range (IQR), 65-91 days) ( Figure 1 A). During follow-up, 342 

eaths were recorded in the primary-infection cohort compared to 

88 deaths in the infection-naïve cohort (Figure S1 and Table 1 ). Of 

he 342 deaths in the primary-infection cohort, 223 were COVID-19 

eaths. Cumulative incidence of death was 0.085% (95% CI: 0.076- 

.095%) in the primary-infection cohort and 0.072% (95% CI: 0.064- 

.081%) in the infection-naïve cohort, 91 days after the start of 

ollow-up ( Figure 1 A). 

Adjusted hazard ratio (aHR) comparing incidence of death in 

he unvaccinated primary-infection cohort to the unvaccinated 

nfection-naïve cohort during the acute phase was 1.19 (95% CI: 

.02-1.39; Table 1 and Figure 2 A). Subgroup analyses estimated 

he aHR at 1.34 (95% CI: 1.11-1.63) in persons more clinically 

ulnerable to severe COVID-19 and 0.94 (95% CI: 0.72-1.24) in 

hose less clinically vulnerable to severe COVID-19 ( Figure 3 A and 

able S3A). 

ost-acute SARS-CoV-2 infection mortality analysis 

In this analysis, the median follow-up was 296 days (IQR, 202- 

36 days) for each of the cohorts ( Figure 1 B). During follow-up, 72

eaths were recorded in the primary-infection cohort compared to 

42 in the infection-naïve cohort (Figure S1 and Table 1 ). Of the 

2 deaths in the primary infection cohort, 5 were COVID-19 deaths 

elated to the original primary infection. Cumulative incidence of 

eath was 0.036% (95% CI: 0.027-0.048%) in the primary-infection 

ohort and 0.060% (95% CI: 0.050-0.074%) in the infection-naïve co- 

ort, 450 days after the start of follow-up ( Figure 1 B). 

The aHR comparing incidence of death in the unvaccinated 

rimary-infection cohort to the unvaccinated infection-naïve co- 

ort during the post-acute phase was 0.50 (95% CI: 0.37-0.68; 

able 1 ). The aHR was 0.41 (95% CI: 0.28-0.58) in months 3-7 

fter the primary infection and increased to 0.76 (95% CI: 0.46- 

.26) in ≥8 months ( Figure 2 A). The aHR during the post-acute 

hase was 0.37 (95% CI: 0.25-0.54) in persons more clinically 

ulnerable to severe COVID-19 and 0.77 (95% CI: 0.48-1.24) in 

hose less clinically vulnerable to severe COVID-19 ( Figure 3 A and 

able S3A). 
84 
ombined acute and post-acute SARS-CoV-2 infection mortality 

nalysis 

Figure 1 C shows cumulative incidence of death in the unvacci- 

ated population covering the entire time of follow-up, including 

oth acute and post-acute phases. The aHR comparing incidence 

f death in the unvaccinated primary-infection cohort to the un- 

accinated infection-naïve cohort was 0.97 (95% CI: 0.84-1.11). The 

HR was 1.00 (95% CI: 0.85-1.19) in persons more clinically vul- 

erable to severe COVID-19 and 0.90 (95% CI: 0.71-1.14) in persons 

ess clinically vulnerable to severe COVID-19 (Table S3A). 

accinated population 

In the Acute SARS-CoV-2 Infection Mortality Analysis 

 Figure 4 A), the aHR comparing incidence of death in the vacci- 

ated primary-infection cohort to the vaccinated infection-naïve 

ohort was 0.74 (95% CI: 0.50-1.09; Table 1 and Figure 2 B). Sub- 

roup analyses estimated the aHR at 0.64 (95% CI: 0.41-1.02) in 

ersons more clinically vulnerable to severe COVID-19 and 1.08 

95% CI: 0.51-2.29) in those less clinically vulnerable to severe 

OVID-19 ( Figure 3 B and Table S3B). 

In the Post-acute SARS-CoV-2 Infection Mortality Analysis 

 Figure 4 B), the aHR comparing incidence of death in the vacci- 

ated primary-infection cohort to the vaccinated infection-naïve 

ohort was 1.10 (95% CI: 0.68-1.78; Table 1 and Figure 2 B). Sub- 

roup analyses estimated the aHR at 0.96 (95% CI: 0.56-1.66) in 

ersons more clinically vulnerable to severe COVID-19 and 2.00 

95% CI: 0.68-5.84) in those less clinically vulnerable to severe 

OVID-19 ( Figure 3 B and Table S3B). 

Figure 4 C shows cumulative incidence of death in the vacci- 

ated population in the Combined Acute and Post-acute SARS-CoV- 

 Infection Mortality Analysis, covering the entire period of follow- 

p. aHR was 0.87 (95% CI: 0.64-1.18). The aHR was 0.76 (95% CI: 

.53-1.07) and 1.33 (95% CI: 0.72-2.46) in persons more and less 

linically vulnerable to severe COVID-19, respectively (Table S3B). 

dditional and sensitivity analyses 

In the analysis combining acute and post-acute phases and un- 

accinated and vaccinated persons, the aHR comparing incidence 

f death in the primary-infection cohort to the infection-naïve co- 

ort was 0.95 (95% CI: 0.84-1.07; Table S4). 
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Figure 1. Cumulative incidence of all-cause death among unvaccinated persons of the matched primary-infection and infection-naïve cohorts in the A) Acute SARS-CoV-2 

Infection Mortality Analysis, B) Post-acute SARS-CoV-2 Infection Mortality Analysis, and C) Combined Acute & Post-acute SARS-CoV-2 Infection Mortality Analysis. 

85 
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Figure 2. Adjusted hazard ratios for all-cause death by time since the start of follow-up in the matched primary-infection cohort relative to the infection-naïve cohort for 

each of A) unvaccinated and B) vaccinated persons. 
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The sensitivity analysis calculating study outcomes through in- 

eraction terms with the interaction model applied to the full co- 

orts produced similar results to main analysis (Table S5A). The 

ensitivity analysis calculating study outcomes only for Qataris also 

enerated similar results to main analysis (Table S5B). 

iscussion 

In this study, we find that COVID-19 mortality in Qatar is pre- 

ominantly influenced by “forward displacement of death” among 

ndividuals with older age and preexisting conditions who are al- 

eady highly vulnerable to all-cause mortality. The findings are 

onsistent with the thesis that those who survived the infection 

ere in better overall health, resulting in an enhanced survival rate 

hortly after their recovery from the infection, in contrast to indi- 

iduals who had not been previously infected. Over time, as the 

ffects of the forward displacement of death phenomenon dimin- 

shed, mortality rates eventually leveled out for both groups. 

Consequently, the occurrence of death among those who were 

nfected, as opposed to those who were infection-naïve, exhibited 

 V-shaped trend based on time since infection. In the short term, 

here was a higher incidence of all-cause mortality among the in- 
86 
ected (excess mortality), followed by a lower incidence among the 

nfected in the medium term (deficit mortality). No differences in 

he incidence of death were observed more than a year after the 

rimary infection. This pattern mirrors the phenomenon of for- 

ard mortality displacement observed in the impact of heat waves 

nd cold spells on mortality [2] . This finding is further supported 

y an ecological observation that noted the temporary presence of 

eficit mortality following significant COVID-19 waves [20] . 

The pull-forward effect of expedited onset of death in the 

rimary-infection cohort was observed in the overall cohort but 

arkedly pronounced among those more clinically vulnerable to 

evere COVID-19. Meanwhile, no such effect was observed among 

hose less clinically vulnerable. In that subgroup, the hazard ratio 

or death comparing the infected to uninfected was approximately 

, during both the acute and post-acute phases of follow-up, fur- 

her supporting mortality displacement among the clinically vul- 

erable as the main driver of COVID-19 mortality. 

These findings do not diminish the importance of COVID-19 

eaths in otherwise healthy persons or due to Long COVID. Such 

eaths have been documented globally. However, there was no 

iscernable effect for these deaths in Qatar’s population, perhaps 

ecause of insufficient statistical power to measure small effects 
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Figure 3. Adjusted hazard ratio for all-cause death in the A) unvaccinated and B) vaccinated populations by clinical vulnerability to severe COVID-19 in the Acute SARS-CoV-2 

Infection Mortality Analysis ( ≤90 days after the primary infection) and in the Post-acute SARS-CoV-2 Infection Mortality Analysis ( > 90 days after the primary infection). 
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ompared to the large effect of forward displacement of death, 

ven in such a large cohort study. 

Vaccination negated the infection’s pull-forward (mortality dis- 

lacement) effect by preventing early deaths. The hazard ratio for 

eath was approximately 1 among vaccinated persons during both 

he acute and post-acute phases of follow-up, regardless of the 

linical vulnerability to severe COVID-19. This revealed the occur- 

ence of a theoretically expected (though potentially counterintu- 

tive) finding; the incidence of all-cause death would be expected 

o be higher among vaccinated compared to unvaccinated persons 

t this later stage of the pandemic. This finding is likely because 

linically vulnerable vaccinated persons had higher survival prob- 

bilities through repeated waves of infection and thus, unlike un- 

accinated persons with similarly elevated baseline mortality risks, 

ere able to survive long enough to contribute follow-up time to 

he analysis. 

These findings may explain the low rate of COVID-19 mortal- 

ty in Qatar, one of the lowest worldwide [5] . As of January 29,

023, 686 COVID-19 deaths have been recorded in this country of 

hree million people [9] ; < 0.1% of documented infections ended 

n COVID-19 death. About 60% of Qatar’s population are craft and 

anual workers (CMW) [11 , 14] who are typically single men, 20- 

9 years of age [9] . CMW are healthy by recruitment (healthy 

orker effect [5 , 21] ) and have lower levels of comorbidities such 

s diabetes and obesity [22] ; that is a population not likely to be

ffected by the pull forward effect. 

This study has limitations. Documented COVID-19 deaths may 

ot include all deaths that occurred because of COVID-19 [3 , 23] . 
87 
ome COVID-19 deaths may not have been confirmed due to in- 

ufficient information to confirm COVID-19 as the cause of death 

3 , 23] . The differences in incidence rate of non-COVID-19 death 

etween the primary-infection and infection-naïve cohorts in the 

cute phase of follow-up, which coincided with calendar times of 

igh infection incidence during waves, suggest existence of COVID- 

9-associated deaths among those in the “infection-naïve” cohort 

hat were never detected or confirmed. 

All-cause mortality appeared qualitatively elevated among un- 

nfected persons during the first 0-3 weeks after their matched 

airs were infected. This observation may have risen because of 

ifferences in the risk of non-COVID-19 death between those re- 

ently diagnosed with the infection and uninfected persons. Iso- 

ation of infected persons in Qatar was enforced through manda- 

ory requirements and isolation facilities. The reduced mobility 

f infected persons following diagnosis of infection should have 

educed their risk of incidental causes of death, such as motor- 

ehicle road injuries, a leading cause of death that contributes 

10% of all deaths in Qatar [24 , 25] . An additional explanation is 

he selection of controls among those with a negative test. A re- 

ent negative test is perhaps a proxy of recent activity and mobil- 

ty, and thus of higher likelihood of incidental death. Persons who 

re less active and staying at home are less likely to do a routine 

r screening test or to experience an incidental death. 

Primary infections were determined based on records of doc- 

mented infections, but other infections may have occurred and 

one undocumented, for example due to tests being administered 

rematurely (i.e., during the viral incubation period). This may also 
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Figure 4. Cumulative incidence of all-cause death among vaccinated persons of the matched primary-infection and infection-naïve cohorts in the A) Acute SARS-CoV-2 

Infection Mortality Analysis, B) Post-acute SARS-CoV-2 Infection Mortality Analysis, and C) Combined Acute & Post-acute Infection Mortality Analysis. 
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xplain the qualitatively elevated risk of death among uninfected 

ersons during the first 0-3 weeks of follow-up ( Figure 1 ). Tests 

erformed on persons with known exposure may have in some in- 

tances been administered too early, before viral loads were suffi- 

ient to mount positive tests. 

The frequency of testing could have been influenced by various 

actors, including vaccination status, age, sex, nationality, and clin- 

cal vulnerability. Nevertheless, any disparities in testing frequency 

ight not have appreciably impacted the outcomes and conclu- 

ions. This is because potential effects arising from these testing 

ariations are likely mitigated by the matching process employed 

o control for these factors. 

Improvements in case management, use of antivirals, and in- 

roduction of omicron with its lower infection severity [26 , 27] re- 

uced COVID-19 mortality over time. This may have affected the 

bserved trends; most of COVID-19 mortality effects were driven 

y incidence during the pre-omicron waves. The study analyzed all 

eaths that occurred in Qatar, but some deaths may have occurred 

utside Qatar, while expatriates were traveling abroad or if they 

eft the country because of end of employment after initiation of 

ollow-up. Travel data were not available to be incorporated into 

ur analysis. These out-of-Qatar deaths may introduce differential 

scertainment bias. However, the sensitivity analysis restricting the 

tudy to only Qataris showed similar results. 

Classification of COVID-19 death was determined per WHO 

uidelines [17] , as part of a national protocol applied to every de- 

eased patient since pandemic onset. For a rigorous understand- 

ng of causes of death in Qatar, a national project has recently 

een initiated to methodologically review and analyze all deaths 

hat occurred in Qatar, whether at healthcare facilities or else- 

here, since 2018 [5] . The project is ongoing and the specific 

auses of death are not yet available [5] . Therefore, our focus in the

resent study was to assess overall mortality, COVID-19 mortality, 

nd other causes without specifying the specific cause of the other 

auses. 

Since the magnitude of the Cox HR in presence of time-varying 

R depends on the scale and distribution of losses to follow-up 

censoring) even if the losses occur at random [19] , the overall 

Rs in the post-acute analyses are skewed toward the earlier of 

imes of follow-up rather than later times of follow-up. However, 

Rs were additionally provided for both early follow-up and late 

ollow-up ( Figure 2 ) to provide representative estimates for each 

f these durations. 

The study was conducted in a specific national population con- 

isting mainly of healthy working-age adults, and thus generaliz- 

bility of the findings to other national populations is unknown. As 

n observational study, investigated cohorts were neither blinded 

or randomized, so unmeasured or uncontrolled confounding can- 

ot be excluded. Although matching covered key factors affecting 

isks of death or infection [9 , 11–14] , it was not possible for other

actors such as geography or occupation, for which data were un- 

vailable. However, Qatar is essentially a city-state, and infection 

ncidence was broadly distributed across neighborhoods. Nearly 

0% of Qatar’s population are expatriates from over 150 countries, 

ho come for employment [9] . Nationality, age, and sex provide a 

owerful proxy for socioeconomic status in this country [9 , 11–14] . 

ationality is strongly associated with occupation [9 , 11 , 13 , 14] . 

The matching procedure used in this study was investigated 

n previous studies of different epidemiologic designs and using 

ontrol groups to test for null effects [7 , 8 , 28–30] . These previous

tudies demonstrated at different times during the pandemic that 

his procedure balances differences in infection exposure to esti- 

ate vaccine effectiveness [7 , 8 , 28–30] , suggesting that the match- 

ng strategy may also have overcome differences in mortality risk. 

nalyses were implemented on Qatar’s total population and large 

amples, perhaps minimizing the likelihood of bias. 
89
In conclusion, COVID-19 mortality in Qatar was primarily influ- 

nced by an accelerated onset of death among individuals who 

ere already highly vulnerable to all-cause mortality and clini- 

ally vulnerable to severe COVID-19. Vaccination effectively averted 

hese expedited deaths, including among those clinically vulnera- 

le to severe COVID-19. The findings do not undermine the signifi- 

ance of COVID-19 deaths in individuals without underlying health 

ssues or those attributed to Long COVID; however, there was no 

iscernible effect of these deaths on Qatar’s population. 
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