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between hypertension and mortality in older individuals are unclear 
and warrant further investigation, including detailed examination of 
frailty, comorbidity and drug exposures in this age group.

Model checking and sensitivity analyses
The average C-statistic—a measure of the model’s ability to distinguish 
between patients who experience COVID-19-related deaths and those 
who do not, ranging from 0 (no ability) to 1 (perfect ability)—was 0.93. 
Results were similar when missing data were handled using analysis 
of complete records only, or using multiple imputation (sensitivity 
analyses; Extended Data Table!2). Non-proportional hazards were 
detected in the primary model (P!<!0.001). A sensitivity analysis with 
earlier administrative censoring at 6 April 2020—before which mor-
tality should not have been affected by the social distancing policies 
that were introduced in the UK in late March—showed no evidence of 
non-proportional hazards (P!=!0.83). Hazard ratios were similar but 
somewhat larger in magnitude for some covariates, whereas the asso-
ciation with increasing deprivation appeared to be smaller (Extended 
Data Table!2).

Discussion
This secure analytics platform operating across NHS patient records of 
over 17 million adults and 6 million children was used to identify, quan-
tify and analyse factors associated with COVID-19-related death in one 
of the largest cohort studies on this topic conducted by any country so 
far. Most comorbidities were associated with increased risk, including 
cardiovascular disease, diabetes, respiratory disease (including severe 
asthma), obesity, a history of haematological malignancy or recent 
other cancer, kidney, liver and neurological diseases, and autoimmune 
conditions. South Asian and Black people had a substantially higher 
risk of COVID-19-related death than white people, and this was only 
partly attributable to comorbidities, deprivation or other factors. A 
strong association between deprivation and risk was also only partly 
explained by comorbidities or other factors.

Our analyses provide a preliminary picture of how key demographic 
characteristics and a range of comorbidities—which were a!priori 
selected as being of interest in COVID-19—are jointly associated with 
poor outcomes. These initial results may be used to inform the devel-
opment of prognostic models. We caution against interpreting our 
estimates as causal effects. For example, the fully adjusted smoking 
hazard ratio does not capture the causal effect of smoking, owing to 
the inclusion of comorbidities that are likely to mediate any effect of 
smoking on COVID-19-related death (for example, chronic obstructive 
pulmonary disease). Our study has highlighted a need for carefully 

designed analyses that specifically focus on the causal effect of smoking 
on COVID-19-related death. Similarly, there is a need for analyses explor-
ing the causal relationships that underlie the associations observed 
between hypertension and COVID-19-related death.

Strengths and weaknesses
The greatest strengths of this study are its size and the speed at which 
it was conducted. By building a secure analytics platform across rou-
tinely collected live clinical data stored in!situ, we have produced timely 
results from the current NHS records of approximately 40% of the 
English population. The large scale of the study allows more preci-
sion—on rarer exposures and on multiple factors—and rapid detection 
of important signals. Our platform will expand to provide updated 
analyses over time. Another strength is our use of open methods: we 
pre-specified our analysis plan and shared our full analytic code and 
codelists for review and reuse. We ascertained patient demographics, 
medications and comorbidities from full pseudonymized longitudinal 
primary care records, which provide substantially more detail than 
data that are recorded on admission to hospital, and which take into 
account the total population rather than the selected subset of individu-
als who present at hospitals. We censored deaths from other causes 
using data from the UK Office for National Statistics (ONS). Analyses 
were stratified by area to account for known geographical differences 
in the incidence of COVID-19.

The study also has some important limitations. In our outcome defi-
nition, we included clinically suspected (non-laboratory-confirmed) 
cases of COVID-19, because testing has not always been carried out, 
especially in older patients in care homes. However, this may have 

Characteristic Category Number of individuals 
(column %)

Number of COVID-19-related deaths 
(% within stratum)

Reduced kidney functionc eGFR 30–60 1,007,383 (5.8) 3,987 (0.40)

eGFR < 30 78,093 (0.5) 864 (1.11)

Kidney dialysis 23,978 (0.1) 192 (0.80)

Liver disease 100,017 (0.6) 181 (0.18)

Stroke or dementia 390,002 (2.3) 2,423 (0.62)

Other neurological disease 170,448 (1.0) 665 (0.39)

Organ transplant 20,001 (0.1) 69 (0.34)

Asplenia 27,917 (0.2) 40 (0.14)

Rheumatoid arthritis, lupus or psoriasis 878,475 (5.1) 962 (0.11)

Other immunosuppressive condition 44,504 (0.3) 52 (0.12)

IMD, index of multiple deprivation. 
aFor oral corticosteroid (OCS) use, ‘recent’ refers to <1 year before baseline. 
bClassi!ication by HbA1c is based on measurements within 15 months of baseline. 
ceGFR is measured in ml min"1 per 1.73#m2 and taken from the most recent serum creatinine measurement.
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Fig. 2 | Kaplan–Meier plots for COVID-19-related death. Plots show COVID-
19-related death over time by age and sex.Williamson EJ, et al. Nature 2020
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Area Vasta Centro, 2020
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resulted in some patients being incorrectly identified as having 
COVID-19. In addition, some COVID-19-related deaths may have been 
misclassified as non-COVID-19, particularly in the early stages of the 
pandemic; however, this inaccuracy is likely to have reduced quickly as 
the number of deaths increased, and a degree of outcome underascer-
tainment—providing it is unrelated to patient characteristics—should 
not have biased our hazard ratios. Owing to the rarity of the outcome, 
the associations observed will be driven primarily by the profile of 
patient characteristics in the included cases. Our findings reflect both 
an individual’s risk of infection and their risk of dying once infected. 
We will consider more detailed patient trajectories in future research 
within the OpenSAFELY platform.

Our large population may not be fully representative. We include 
only 17% of general practices in London—where many of the earlier 
cases of COVID-19 occurred—owing to the substantial geographical 
variation in the choice of electronic health record system. The user 
interface of electronic health records can affect prescribing of certain 
medicines21–23, so it is possible that coding varies between systems.

Primary care records are detailed and longitudinal, but can be 
incomplete for data on patient characteristics. Ethnicity was missing 
for approximately 26% of patients, but was broadly representative24; 
there were also missing data on obesity and smoking. Sensitivity analy-
ses found that our estimates were robust to our assumptions around 
missing data.

Non-proportional hazards could be due to very large numbers or 
unmeasured covariates. However, rapid changes in social behaviours 
(social distancing, shielding) and changes in the burden of infection 
may also have affected patient groups differentially. The larger hazard 
ratios seen for several covariates in a sensitivity analysis with earlier 
censoring (soon after social distancing and shielding policies were 
introduced) are consistent with patients who are more at risk being 
more compliant with these policies. By contrast, the risk associated 
with deprivation may have increased over time. Further analyses will 
explore the changes before and after the implementation of national 
initiatives around COVID-19.

Policy implications and interpretation
The UK has a policy of recommending shielding (staying at home at 
all times and avoiding any face-to-face contact) for groups who are 
identified as being extremely vulnerable to COVID-19 on the basis of 
pre-existing medical conditions25. We were able to evaluate the associa-
tion between most of these conditions and death from COVID-19, and 
we confirmed the increased mortality risks, supporting the targeted 
use of additional protection measures for people in these groups. We 
have demonstrated that only a small part of the substantially increased 
risks of COVID-19-related death among BAME groups and among peo-
ple living in more-deprived areas can be attributed to existing disease. 
Improved strategies to protect people in these groups are urgently 
needed26. These might include the specific consideration of BAME 
groups in shielding guidelines and workplace policies. Studies are 
needed to investigate the interplay of additional factors that we were 
unable to examine, including employment, access to personal pro-
tective equipment and the related risk of exposure to infection, and 
household density.

The UK has an unusually large volume of very detailed longitudi-
nal patient data, especially through primary care, and we believe the 
UK has a responsibility to the global community to make good use of 
this data. OpenSAFELY demonstrates—on a very large scale—that this 
can be done securely, transparently and rapidly. We will enhance the 
OpenSAFELY platform to further inform the global response to the 
COVID-19 emergency.

Future research
The underlying causes of the higher risk of COVID-19-related death 
among BAME individuals, and among people from deprived areas, 
require further investigation. We would suggest collecting data on 
occupational exposure and living conditions as first steps. The sta-
tistical power offered by our approach means that associations with 
less-common factors can be robustly assessed in more detail and at the 
earliest possible date as the pandemic progresses. We will therefore 
update our findings and address smaller risk groups as new cases arise 
over time. The open source reusable codebase on OpenSAFELY sup-
ports the rapid, secure and collaborative development of new analyses; 
we are currently conducting expedited studies on the effects of various 
medical treatments and population interventions on the risk of COVID-
19 infection, admission to intensive care units and death, alongside 
other observational analyses. OpenSAFELY is rapidly scalable for the 
incorporation of more NHS patient records, and new sources of data 
are progressing.

In conclusion, we have generated early insights into factors asso-
ciated with COVID-19-related death using the detailed primary care 
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Age group

Sex

Obesity

Smoking status

Ethnicity

Deprivation (IMD) quintile

Diabetes

Cancer (non-haematological)

Haematological malignancy

Reduced kidney function

Asthma

Chronic respiratory disease

Chronic cardiac disease

Hypertension or high blood pressure

Chronic liver disease

Stroke or dementia

Other neurological disease

Organ transplant

Asplenia

Rheumatoid arthritis, lupus or psoriasis

Other immunosuppressive condition

18–39
40–49
50–59 (ref)
60–69
70–79
80+

Female (ref)
Male

Not obese (ref)
Obese class I
Obese class II
Obese class III

Never (ref)
Former
Current

White (ref)
Mixed
South Asian
Black
Other

1 (least deprived; ref)
2
3
4
5 (most deprived)

No diabetes (ref)
Controlled (HbA1c < 58 mmol mol–1)
Uncontrolled (HbA1c ! 58 mmol mol–1)
Unknown HbA1c

Never (ref)
Diagnosed <1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago

Never (ref)
Diagnosed < 1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago

None (ref)
eGFR 30–60 ml min–1 per 1.73 m2

eGFR < 30  ml min–1 per 1.73 m2

No asthma (ref)
With no recent OCS use
With recent OCS use

0.25 0.5 1 2 5 10

Hazard ratio

Fig. 3 | Estimated hazard ratios for each patient characteristic from a 
multivariable Cox model. Hazard ratios are shown on a log scale. Error bars 
represent the limits of the 95% confidence interval for the hazard ratio. IMD, 
index of multiple deprivation; obese class I, BMI 30–34.9; obese class II, BMI 
35–39.9; obese class III, BMI!"!40; OCS, oral corticosteroid; ref, reference 
group. All hazard ratios are adjusted for all other factors listed other than 
ethnicity. Ethnicity estimates are from a separate model among those 
individuals for whom complete ethnicity data were available, and are fully 
adjusted for other covariates. Total n!=!17,278,392 for the non-ethnicity models, 
and 12,718,279 for the ethnicity model. Nature | Vol !"# | $% August $%$% | 435

resulted in some patients being incorrectly identified as having 
COVID-19. In addition, some COVID-19-related deaths may have been 
misclassified as non-COVID-19, particularly in the early stages of the 
pandemic; however, this inaccuracy is likely to have reduced quickly as 
the number of deaths increased, and a degree of outcome underascer-
tainment—providing it is unrelated to patient characteristics—should 
not have biased our hazard ratios. Owing to the rarity of the outcome, 
the associations observed will be driven primarily by the profile of 
patient characteristics in the included cases. Our findings reflect both 
an individual’s risk of infection and their risk of dying once infected. 
We will consider more detailed patient trajectories in future research 
within the OpenSAFELY platform.

Our large population may not be fully representative. We include 
only 17% of general practices in London—where many of the earlier 
cases of COVID-19 occurred—owing to the substantial geographical 
variation in the choice of electronic health record system. The user 
interface of electronic health records can affect prescribing of certain 
medicines21–23, so it is possible that coding varies between systems.

Primary care records are detailed and longitudinal, but can be 
incomplete for data on patient characteristics. Ethnicity was missing 
for approximately 26% of patients, but was broadly representative24; 
there were also missing data on obesity and smoking. Sensitivity analy-
ses found that our estimates were robust to our assumptions around 
missing data.

Non-proportional hazards could be due to very large numbers or 
unmeasured covariates. However, rapid changes in social behaviours 
(social distancing, shielding) and changes in the burden of infection 
may also have affected patient groups differentially. The larger hazard 
ratios seen for several covariates in a sensitivity analysis with earlier 
censoring (soon after social distancing and shielding policies were 
introduced) are consistent with patients who are more at risk being 
more compliant with these policies. By contrast, the risk associated 
with deprivation may have increased over time. Further analyses will 
explore the changes before and after the implementation of national 
initiatives around COVID-19.

Policy implications and interpretation
The UK has a policy of recommending shielding (staying at home at 
all times and avoiding any face-to-face contact) for groups who are 
identified as being extremely vulnerable to COVID-19 on the basis of 
pre-existing medical conditions25. We were able to evaluate the associa-
tion between most of these conditions and death from COVID-19, and 
we confirmed the increased mortality risks, supporting the targeted 
use of additional protection measures for people in these groups. We 
have demonstrated that only a small part of the substantially increased 
risks of COVID-19-related death among BAME groups and among peo-
ple living in more-deprived areas can be attributed to existing disease. 
Improved strategies to protect people in these groups are urgently 
needed26. These might include the specific consideration of BAME 
groups in shielding guidelines and workplace policies. Studies are 
needed to investigate the interplay of additional factors that we were 
unable to examine, including employment, access to personal pro-
tective equipment and the related risk of exposure to infection, and 
household density.

The UK has an unusually large volume of very detailed longitudi-
nal patient data, especially through primary care, and we believe the 
UK has a responsibility to the global community to make good use of 
this data. OpenSAFELY demonstrates—on a very large scale—that this 
can be done securely, transparently and rapidly. We will enhance the 
OpenSAFELY platform to further inform the global response to the 
COVID-19 emergency.

Future research
The underlying causes of the higher risk of COVID-19-related death 
among BAME individuals, and among people from deprived areas, 
require further investigation. We would suggest collecting data on 
occupational exposure and living conditions as first steps. The sta-
tistical power offered by our approach means that associations with 
less-common factors can be robustly assessed in more detail and at the 
earliest possible date as the pandemic progresses. We will therefore 
update our findings and address smaller risk groups as new cases arise 
over time. The open source reusable codebase on OpenSAFELY sup-
ports the rapid, secure and collaborative development of new analyses; 
we are currently conducting expedited studies on the effects of various 
medical treatments and population interventions on the risk of COVID-
19 infection, admission to intensive care units and death, alongside 
other observational analyses. OpenSAFELY is rapidly scalable for the 
incorporation of more NHS patient records, and new sources of data 
are progressing.

In conclusion, we have generated early insights into factors asso-
ciated with COVID-19-related death using the detailed primary care 
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Other immunosuppressive condition
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Obese class I
Obese class II
Obese class III

Never (ref)
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Current

White (ref)
Mixed
South Asian
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Other

1 (least deprived; ref)
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5 (most deprived)

No diabetes (ref)
Controlled (HbA1c < 58 mmol mol–1)
Uncontrolled (HbA1c ! 58 mmol mol–1)
Unknown HbA1c

Never (ref)
Diagnosed <1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago

Never (ref)
Diagnosed < 1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago
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Fig. 3 | Estimated hazard ratios for each patient characteristic from a 
multivariable Cox model. Hazard ratios are shown on a log scale. Error bars 
represent the limits of the 95% confidence interval for the hazard ratio. IMD, 
index of multiple deprivation; obese class I, BMI 30–34.9; obese class II, BMI 
35–39.9; obese class III, BMI!"!40; OCS, oral corticosteroid; ref, reference 
group. All hazard ratios are adjusted for all other factors listed other than 
ethnicity. Ethnicity estimates are from a separate model among those 
individuals for whom complete ethnicity data were available, and are fully 
adjusted for other covariates. Total n!=!17,278,392 for the non-ethnicity models, 
and 12,718,279 for the ethnicity model.
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resulted in some patients being incorrectly identified as having 
COVID-19. In addition, some COVID-19-related deaths may have been 
misclassified as non-COVID-19, particularly in the early stages of the 
pandemic; however, this inaccuracy is likely to have reduced quickly as 
the number of deaths increased, and a degree of outcome underascer-
tainment—providing it is unrelated to patient characteristics—should 
not have biased our hazard ratios. Owing to the rarity of the outcome, 
the associations observed will be driven primarily by the profile of 
patient characteristics in the included cases. Our findings reflect both 
an individual’s risk of infection and their risk of dying once infected. 
We will consider more detailed patient trajectories in future research 
within the OpenSAFELY platform.

Our large population may not be fully representative. We include 
only 17% of general practices in London—where many of the earlier 
cases of COVID-19 occurred—owing to the substantial geographical 
variation in the choice of electronic health record system. The user 
interface of electronic health records can affect prescribing of certain 
medicines21–23, so it is possible that coding varies between systems.

Primary care records are detailed and longitudinal, but can be 
incomplete for data on patient characteristics. Ethnicity was missing 
for approximately 26% of patients, but was broadly representative24; 
there were also missing data on obesity and smoking. Sensitivity analy-
ses found that our estimates were robust to our assumptions around 
missing data.

Non-proportional hazards could be due to very large numbers or 
unmeasured covariates. However, rapid changes in social behaviours 
(social distancing, shielding) and changes in the burden of infection 
may also have affected patient groups differentially. The larger hazard 
ratios seen for several covariates in a sensitivity analysis with earlier 
censoring (soon after social distancing and shielding policies were 
introduced) are consistent with patients who are more at risk being 
more compliant with these policies. By contrast, the risk associated 
with deprivation may have increased over time. Further analyses will 
explore the changes before and after the implementation of national 
initiatives around COVID-19.

Policy implications and interpretation
The UK has a policy of recommending shielding (staying at home at 
all times and avoiding any face-to-face contact) for groups who are 
identified as being extremely vulnerable to COVID-19 on the basis of 
pre-existing medical conditions25. We were able to evaluate the associa-
tion between most of these conditions and death from COVID-19, and 
we confirmed the increased mortality risks, supporting the targeted 
use of additional protection measures for people in these groups. We 
have demonstrated that only a small part of the substantially increased 
risks of COVID-19-related death among BAME groups and among peo-
ple living in more-deprived areas can be attributed to existing disease. 
Improved strategies to protect people in these groups are urgently 
needed26. These might include the specific consideration of BAME 
groups in shielding guidelines and workplace policies. Studies are 
needed to investigate the interplay of additional factors that we were 
unable to examine, including employment, access to personal pro-
tective equipment and the related risk of exposure to infection, and 
household density.

The UK has an unusually large volume of very detailed longitudi-
nal patient data, especially through primary care, and we believe the 
UK has a responsibility to the global community to make good use of 
this data. OpenSAFELY demonstrates—on a very large scale—that this 
can be done securely, transparently and rapidly. We will enhance the 
OpenSAFELY platform to further inform the global response to the 
COVID-19 emergency.

Future research
The underlying causes of the higher risk of COVID-19-related death 
among BAME individuals, and among people from deprived areas, 
require further investigation. We would suggest collecting data on 
occupational exposure and living conditions as first steps. The sta-
tistical power offered by our approach means that associations with 
less-common factors can be robustly assessed in more detail and at the 
earliest possible date as the pandemic progresses. We will therefore 
update our findings and address smaller risk groups as new cases arise 
over time. The open source reusable codebase on OpenSAFELY sup-
ports the rapid, secure and collaborative development of new analyses; 
we are currently conducting expedited studies on the effects of various 
medical treatments and population interventions on the risk of COVID-
19 infection, admission to intensive care units and death, alongside 
other observational analyses. OpenSAFELY is rapidly scalable for the 
incorporation of more NHS patient records, and new sources of data 
are progressing.

In conclusion, we have generated early insights into factors asso-
ciated with COVID-19-related death using the detailed primary care 
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Organ transplant
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South Asian
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1 (least deprived; ref)
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4
5 (most deprived)

No diabetes (ref)
Controlled (HbA1c < 58 mmol mol–1)
Uncontrolled (HbA1c ! 58 mmol mol–1)
Unknown HbA1c

Never (ref)
Diagnosed <1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago

Never (ref)
Diagnosed < 1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago

None (ref)
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eGFR < 30  ml min–1 per 1.73 m2
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With no recent OCS use
With recent OCS use
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Fig. 3 | Estimated hazard ratios for each patient characteristic from a 
multivariable Cox model. Hazard ratios are shown on a log scale. Error bars 
represent the limits of the 95% confidence interval for the hazard ratio. IMD, 
index of multiple deprivation; obese class I, BMI 30–34.9; obese class II, BMI 
35–39.9; obese class III, BMI!"!40; OCS, oral corticosteroid; ref, reference 
group. All hazard ratios are adjusted for all other factors listed other than 
ethnicity. Ethnicity estimates are from a separate model among those 
individuals for whom complete ethnicity data were available, and are fully 
adjusted for other covariates. Total n!=!17,278,392 for the non-ethnicity models, 
and 12,718,279 for the ethnicity model.
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resulted in some patients being incorrectly identified as having 
COVID-19. In addition, some COVID-19-related deaths may have been 
misclassified as non-COVID-19, particularly in the early stages of the 
pandemic; however, this inaccuracy is likely to have reduced quickly as 
the number of deaths increased, and a degree of outcome underascer-
tainment—providing it is unrelated to patient characteristics—should 
not have biased our hazard ratios. Owing to the rarity of the outcome, 
the associations observed will be driven primarily by the profile of 
patient characteristics in the included cases. Our findings reflect both 
an individual’s risk of infection and their risk of dying once infected. 
We will consider more detailed patient trajectories in future research 
within the OpenSAFELY platform.

Our large population may not be fully representative. We include 
only 17% of general practices in London—where many of the earlier 
cases of COVID-19 occurred—owing to the substantial geographical 
variation in the choice of electronic health record system. The user 
interface of electronic health records can affect prescribing of certain 
medicines21–23, so it is possible that coding varies between systems.

Primary care records are detailed and longitudinal, but can be 
incomplete for data on patient characteristics. Ethnicity was missing 
for approximately 26% of patients, but was broadly representative24; 
there were also missing data on obesity and smoking. Sensitivity analy-
ses found that our estimates were robust to our assumptions around 
missing data.

Non-proportional hazards could be due to very large numbers or 
unmeasured covariates. However, rapid changes in social behaviours 
(social distancing, shielding) and changes in the burden of infection 
may also have affected patient groups differentially. The larger hazard 
ratios seen for several covariates in a sensitivity analysis with earlier 
censoring (soon after social distancing and shielding policies were 
introduced) are consistent with patients who are more at risk being 
more compliant with these policies. By contrast, the risk associated 
with deprivation may have increased over time. Further analyses will 
explore the changes before and after the implementation of national 
initiatives around COVID-19.

Policy implications and interpretation
The UK has a policy of recommending shielding (staying at home at 
all times and avoiding any face-to-face contact) for groups who are 
identified as being extremely vulnerable to COVID-19 on the basis of 
pre-existing medical conditions25. We were able to evaluate the associa-
tion between most of these conditions and death from COVID-19, and 
we confirmed the increased mortality risks, supporting the targeted 
use of additional protection measures for people in these groups. We 
have demonstrated that only a small part of the substantially increased 
risks of COVID-19-related death among BAME groups and among peo-
ple living in more-deprived areas can be attributed to existing disease. 
Improved strategies to protect people in these groups are urgently 
needed26. These might include the specific consideration of BAME 
groups in shielding guidelines and workplace policies. Studies are 
needed to investigate the interplay of additional factors that we were 
unable to examine, including employment, access to personal pro-
tective equipment and the related risk of exposure to infection, and 
household density.

The UK has an unusually large volume of very detailed longitudi-
nal patient data, especially through primary care, and we believe the 
UK has a responsibility to the global community to make good use of 
this data. OpenSAFELY demonstrates—on a very large scale—that this 
can be done securely, transparently and rapidly. We will enhance the 
OpenSAFELY platform to further inform the global response to the 
COVID-19 emergency.

Future research
The underlying causes of the higher risk of COVID-19-related death 
among BAME individuals, and among people from deprived areas, 
require further investigation. We would suggest collecting data on 
occupational exposure and living conditions as first steps. The sta-
tistical power offered by our approach means that associations with 
less-common factors can be robustly assessed in more detail and at the 
earliest possible date as the pandemic progresses. We will therefore 
update our findings and address smaller risk groups as new cases arise 
over time. The open source reusable codebase on OpenSAFELY sup-
ports the rapid, secure and collaborative development of new analyses; 
we are currently conducting expedited studies on the effects of various 
medical treatments and population interventions on the risk of COVID-
19 infection, admission to intensive care units and death, alongside 
other observational analyses. OpenSAFELY is rapidly scalable for the 
incorporation of more NHS patient records, and new sources of data 
are progressing.

In conclusion, we have generated early insights into factors asso-
ciated with COVID-19-related death using the detailed primary care 
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Smoking status
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Deprivation (IMD) quintile
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Cancer (non-haematological)

Haematological malignancy

Reduced kidney function

Asthma

Chronic respiratory disease

Chronic cardiac disease

Hypertension or high blood pressure

Chronic liver disease

Stroke or dementia

Other neurological disease

Organ transplant
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Rheumatoid arthritis, lupus or psoriasis

Other immunosuppressive condition

18–39
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80+
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Obese class I
Obese class II
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Black
Other

1 (least deprived; ref)
2
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4
5 (most deprived)

No diabetes (ref)
Controlled (HbA1c < 58 mmol mol–1)
Uncontrolled (HbA1c ! 58 mmol mol–1)
Unknown HbA1c

Never (ref)
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Diagnosed 1–4.9 years ago
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Never (ref)
Diagnosed < 1 year ago
Diagnosed 1–4.9 years ago
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With recent OCS use
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Fig. 3 | Estimated hazard ratios for each patient characteristic from a 
multivariable Cox model. Hazard ratios are shown on a log scale. Error bars 
represent the limits of the 95% confidence interval for the hazard ratio. IMD, 
index of multiple deprivation; obese class I, BMI 30–34.9; obese class II, BMI 
35–39.9; obese class III, BMI!"!40; OCS, oral corticosteroid; ref, reference 
group. All hazard ratios are adjusted for all other factors listed other than 
ethnicity. Ethnicity estimates are from a separate model among those 
individuals for whom complete ethnicity data were available, and are fully 
adjusted for other covariates. Total n!=!17,278,392 for the non-ethnicity models, 
and 12,718,279 for the ethnicity model.
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resulted in some patients being incorrectly identified as having 
COVID-19. In addition, some COVID-19-related deaths may have been 
misclassified as non-COVID-19, particularly in the early stages of the 
pandemic; however, this inaccuracy is likely to have reduced quickly as 
the number of deaths increased, and a degree of outcome underascer-
tainment—providing it is unrelated to patient characteristics—should 
not have biased our hazard ratios. Owing to the rarity of the outcome, 
the associations observed will be driven primarily by the profile of 
patient characteristics in the included cases. Our findings reflect both 
an individual’s risk of infection and their risk of dying once infected. 
We will consider more detailed patient trajectories in future research 
within the OpenSAFELY platform.

Our large population may not be fully representative. We include 
only 17% of general practices in London—where many of the earlier 
cases of COVID-19 occurred—owing to the substantial geographical 
variation in the choice of electronic health record system. The user 
interface of electronic health records can affect prescribing of certain 
medicines21–23, so it is possible that coding varies between systems.

Primary care records are detailed and longitudinal, but can be 
incomplete for data on patient characteristics. Ethnicity was missing 
for approximately 26% of patients, but was broadly representative24; 
there were also missing data on obesity and smoking. Sensitivity analy-
ses found that our estimates were robust to our assumptions around 
missing data.

Non-proportional hazards could be due to very large numbers or 
unmeasured covariates. However, rapid changes in social behaviours 
(social distancing, shielding) and changes in the burden of infection 
may also have affected patient groups differentially. The larger hazard 
ratios seen for several covariates in a sensitivity analysis with earlier 
censoring (soon after social distancing and shielding policies were 
introduced) are consistent with patients who are more at risk being 
more compliant with these policies. By contrast, the risk associated 
with deprivation may have increased over time. Further analyses will 
explore the changes before and after the implementation of national 
initiatives around COVID-19.

Policy implications and interpretation
The UK has a policy of recommending shielding (staying at home at 
all times and avoiding any face-to-face contact) for groups who are 
identified as being extremely vulnerable to COVID-19 on the basis of 
pre-existing medical conditions25. We were able to evaluate the associa-
tion between most of these conditions and death from COVID-19, and 
we confirmed the increased mortality risks, supporting the targeted 
use of additional protection measures for people in these groups. We 
have demonstrated that only a small part of the substantially increased 
risks of COVID-19-related death among BAME groups and among peo-
ple living in more-deprived areas can be attributed to existing disease. 
Improved strategies to protect people in these groups are urgently 
needed26. These might include the specific consideration of BAME 
groups in shielding guidelines and workplace policies. Studies are 
needed to investigate the interplay of additional factors that we were 
unable to examine, including employment, access to personal pro-
tective equipment and the related risk of exposure to infection, and 
household density.

The UK has an unusually large volume of very detailed longitudi-
nal patient data, especially through primary care, and we believe the 
UK has a responsibility to the global community to make good use of 
this data. OpenSAFELY demonstrates—on a very large scale—that this 
can be done securely, transparently and rapidly. We will enhance the 
OpenSAFELY platform to further inform the global response to the 
COVID-19 emergency.

Future research
The underlying causes of the higher risk of COVID-19-related death 
among BAME individuals, and among people from deprived areas, 
require further investigation. We would suggest collecting data on 
occupational exposure and living conditions as first steps. The sta-
tistical power offered by our approach means that associations with 
less-common factors can be robustly assessed in more detail and at the 
earliest possible date as the pandemic progresses. We will therefore 
update our findings and address smaller risk groups as new cases arise 
over time. The open source reusable codebase on OpenSAFELY sup-
ports the rapid, secure and collaborative development of new analyses; 
we are currently conducting expedited studies on the effects of various 
medical treatments and population interventions on the risk of COVID-
19 infection, admission to intensive care units and death, alongside 
other observational analyses. OpenSAFELY is rapidly scalable for the 
incorporation of more NHS patient records, and new sources of data 
are progressing.

In conclusion, we have generated early insights into factors asso-
ciated with COVID-19-related death using the detailed primary care 
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Other neurological disease

Organ transplant
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Rheumatoid arthritis, lupus or psoriasis

Other immunosuppressive condition

18–39
40–49
50–59 (ref)
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Female (ref)
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Not obese (ref)
Obese class I
Obese class II
Obese class III

Never (ref)
Former
Current

White (ref)
Mixed
South Asian
Black
Other

1 (least deprived; ref)
2
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4
5 (most deprived)

No diabetes (ref)
Controlled (HbA1c < 58 mmol mol–1)
Uncontrolled (HbA1c ! 58 mmol mol–1)
Unknown HbA1c

Never (ref)
Diagnosed <1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago

Never (ref)
Diagnosed < 1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago

None (ref)
eGFR 30–60 ml min–1 per 1.73 m2

eGFR < 30  ml min–1 per 1.73 m2

No asthma (ref)
With no recent OCS use
With recent OCS use
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Fig. 3 | Estimated hazard ratios for each patient characteristic from a 
multivariable Cox model. Hazard ratios are shown on a log scale. Error bars 
represent the limits of the 95% confidence interval for the hazard ratio. IMD, 
index of multiple deprivation; obese class I, BMI 30–34.9; obese class II, BMI 
35–39.9; obese class III, BMI!"!40; OCS, oral corticosteroid; ref, reference 
group. All hazard ratios are adjusted for all other factors listed other than 
ethnicity. Ethnicity estimates are from a separate model among those 
individuals for whom complete ethnicity data were available, and are fully 
adjusted for other covariates. Total n!=!17,278,392 for the non-ethnicity models, 
and 12,718,279 for the ethnicity model.
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resulted in some patients being incorrectly identified as having 
COVID-19. In addition, some COVID-19-related deaths may have been 
misclassified as non-COVID-19, particularly in the early stages of the 
pandemic; however, this inaccuracy is likely to have reduced quickly as 
the number of deaths increased, and a degree of outcome underascer-
tainment—providing it is unrelated to patient characteristics—should 
not have biased our hazard ratios. Owing to the rarity of the outcome, 
the associations observed will be driven primarily by the profile of 
patient characteristics in the included cases. Our findings reflect both 
an individual’s risk of infection and their risk of dying once infected. 
We will consider more detailed patient trajectories in future research 
within the OpenSAFELY platform.

Our large population may not be fully representative. We include 
only 17% of general practices in London—where many of the earlier 
cases of COVID-19 occurred—owing to the substantial geographical 
variation in the choice of electronic health record system. The user 
interface of electronic health records can affect prescribing of certain 
medicines21–23, so it is possible that coding varies between systems.

Primary care records are detailed and longitudinal, but can be 
incomplete for data on patient characteristics. Ethnicity was missing 
for approximately 26% of patients, but was broadly representative24; 
there were also missing data on obesity and smoking. Sensitivity analy-
ses found that our estimates were robust to our assumptions around 
missing data.

Non-proportional hazards could be due to very large numbers or 
unmeasured covariates. However, rapid changes in social behaviours 
(social distancing, shielding) and changes in the burden of infection 
may also have affected patient groups differentially. The larger hazard 
ratios seen for several covariates in a sensitivity analysis with earlier 
censoring (soon after social distancing and shielding policies were 
introduced) are consistent with patients who are more at risk being 
more compliant with these policies. By contrast, the risk associated 
with deprivation may have increased over time. Further analyses will 
explore the changes before and after the implementation of national 
initiatives around COVID-19.

Policy implications and interpretation
The UK has a policy of recommending shielding (staying at home at 
all times and avoiding any face-to-face contact) for groups who are 
identified as being extremely vulnerable to COVID-19 on the basis of 
pre-existing medical conditions25. We were able to evaluate the associa-
tion between most of these conditions and death from COVID-19, and 
we confirmed the increased mortality risks, supporting the targeted 
use of additional protection measures for people in these groups. We 
have demonstrated that only a small part of the substantially increased 
risks of COVID-19-related death among BAME groups and among peo-
ple living in more-deprived areas can be attributed to existing disease. 
Improved strategies to protect people in these groups are urgently 
needed26. These might include the specific consideration of BAME 
groups in shielding guidelines and workplace policies. Studies are 
needed to investigate the interplay of additional factors that we were 
unable to examine, including employment, access to personal pro-
tective equipment and the related risk of exposure to infection, and 
household density.

The UK has an unusually large volume of very detailed longitudi-
nal patient data, especially through primary care, and we believe the 
UK has a responsibility to the global community to make good use of 
this data. OpenSAFELY demonstrates—on a very large scale—that this 
can be done securely, transparently and rapidly. We will enhance the 
OpenSAFELY platform to further inform the global response to the 
COVID-19 emergency.

Future research
The underlying causes of the higher risk of COVID-19-related death 
among BAME individuals, and among people from deprived areas, 
require further investigation. We would suggest collecting data on 
occupational exposure and living conditions as first steps. The sta-
tistical power offered by our approach means that associations with 
less-common factors can be robustly assessed in more detail and at the 
earliest possible date as the pandemic progresses. We will therefore 
update our findings and address smaller risk groups as new cases arise 
over time. The open source reusable codebase on OpenSAFELY sup-
ports the rapid, secure and collaborative development of new analyses; 
we are currently conducting expedited studies on the effects of various 
medical treatments and population interventions on the risk of COVID-
19 infection, admission to intensive care units and death, alongside 
other observational analyses. OpenSAFELY is rapidly scalable for the 
incorporation of more NHS patient records, and new sources of data 
are progressing.

In conclusion, we have generated early insights into factors asso-
ciated with COVID-19-related death using the detailed primary care 

<<< HR = 0.06 (0.04–0.08)
Age group

Sex

Obesity

Smoking status

Ethnicity

Deprivation (IMD) quintile

Diabetes

Cancer (non-haematological)

Haematological malignancy

Reduced kidney function

Asthma

Chronic respiratory disease

Chronic cardiac disease
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Organ transplant
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Rheumatoid arthritis, lupus or psoriasis

Other immunosuppressive condition
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Not obese (ref)
Obese class I
Obese class II
Obese class III

Never (ref)
Former
Current

White (ref)
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South Asian
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Other

1 (least deprived; ref)
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4
5 (most deprived)

No diabetes (ref)
Controlled (HbA1c < 58 mmol mol–1)
Uncontrolled (HbA1c ! 58 mmol mol–1)
Unknown HbA1c

Never (ref)
Diagnosed <1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago

Never (ref)
Diagnosed < 1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago

None (ref)
eGFR 30–60 ml min–1 per 1.73 m2

eGFR < 30  ml min–1 per 1.73 m2

No asthma (ref)
With no recent OCS use
With recent OCS use
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Fig. 3 | Estimated hazard ratios for each patient characteristic from a 
multivariable Cox model. Hazard ratios are shown on a log scale. Error bars 
represent the limits of the 95% confidence interval for the hazard ratio. IMD, 
index of multiple deprivation; obese class I, BMI 30–34.9; obese class II, BMI 
35–39.9; obese class III, BMI!"!40; OCS, oral corticosteroid; ref, reference 
group. All hazard ratios are adjusted for all other factors listed other than 
ethnicity. Ethnicity estimates are from a separate model among those 
individuals for whom complete ethnicity data were available, and are fully 
adjusted for other covariates. Total n!=!17,278,392 for the non-ethnicity models, 
and 12,718,279 for the ethnicity model.
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Caratteristiche dei soggetti deceduti per COVID-19 vs. 
altre cause. Area Vasta Centro, 2020

Levi M, et al. Epidemiol Prev 2021
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Predittori indipendenti di decesso per COVID-19 vs. 
altre cause. Area Vasta Centro, 2020

Levi M, et al. Epidemiol Prev 2021
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Sequele a lungo termine del COVID-19 (1) 
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resulted in some patients being incorrectly identified as having 
COVID-19. In addition, some COVID-19-related deaths may have been 
misclassified as non-COVID-19, particularly in the early stages of the 
pandemic; however, this inaccuracy is likely to have reduced quickly as 
the number of deaths increased, and a degree of outcome underascer-
tainment—providing it is unrelated to patient characteristics—should 
not have biased our hazard ratios. Owing to the rarity of the outcome, 
the associations observed will be driven primarily by the profile of 
patient characteristics in the included cases. Our findings reflect both 
an individual’s risk of infection and their risk of dying once infected. 
We will consider more detailed patient trajectories in future research 
within the OpenSAFELY platform.

Our large population may not be fully representative. We include 
only 17% of general practices in London—where many of the earlier 
cases of COVID-19 occurred—owing to the substantial geographical 
variation in the choice of electronic health record system. The user 
interface of electronic health records can affect prescribing of certain 
medicines21–23, so it is possible that coding varies between systems.

Primary care records are detailed and longitudinal, but can be 
incomplete for data on patient characteristics. Ethnicity was missing 
for approximately 26% of patients, but was broadly representative24; 
there were also missing data on obesity and smoking. Sensitivity analy-
ses found that our estimates were robust to our assumptions around 
missing data.

Non-proportional hazards could be due to very large numbers or 
unmeasured covariates. However, rapid changes in social behaviours 
(social distancing, shielding) and changes in the burden of infection 
may also have affected patient groups differentially. The larger hazard 
ratios seen for several covariates in a sensitivity analysis with earlier 
censoring (soon after social distancing and shielding policies were 
introduced) are consistent with patients who are more at risk being 
more compliant with these policies. By contrast, the risk associated 
with deprivation may have increased over time. Further analyses will 
explore the changes before and after the implementation of national 
initiatives around COVID-19.

Policy implications and interpretation
The UK has a policy of recommending shielding (staying at home at 
all times and avoiding any face-to-face contact) for groups who are 
identified as being extremely vulnerable to COVID-19 on the basis of 
pre-existing medical conditions25. We were able to evaluate the associa-
tion between most of these conditions and death from COVID-19, and 
we confirmed the increased mortality risks, supporting the targeted 
use of additional protection measures for people in these groups. We 
have demonstrated that only a small part of the substantially increased 
risks of COVID-19-related death among BAME groups and among peo-
ple living in more-deprived areas can be attributed to existing disease. 
Improved strategies to protect people in these groups are urgently 
needed26. These might include the specific consideration of BAME 
groups in shielding guidelines and workplace policies. Studies are 
needed to investigate the interplay of additional factors that we were 
unable to examine, including employment, access to personal pro-
tective equipment and the related risk of exposure to infection, and 
household density.

The UK has an unusually large volume of very detailed longitudi-
nal patient data, especially through primary care, and we believe the 
UK has a responsibility to the global community to make good use of 
this data. OpenSAFELY demonstrates—on a very large scale—that this 
can be done securely, transparently and rapidly. We will enhance the 
OpenSAFELY platform to further inform the global response to the 
COVID-19 emergency.

Future research
The underlying causes of the higher risk of COVID-19-related death 
among BAME individuals, and among people from deprived areas, 
require further investigation. We would suggest collecting data on 
occupational exposure and living conditions as first steps. The sta-
tistical power offered by our approach means that associations with 
less-common factors can be robustly assessed in more detail and at the 
earliest possible date as the pandemic progresses. We will therefore 
update our findings and address smaller risk groups as new cases arise 
over time. The open source reusable codebase on OpenSAFELY sup-
ports the rapid, secure and collaborative development of new analyses; 
we are currently conducting expedited studies on the effects of various 
medical treatments and population interventions on the risk of COVID-
19 infection, admission to intensive care units and death, alongside 
other observational analyses. OpenSAFELY is rapidly scalable for the 
incorporation of more NHS patient records, and new sources of data 
are progressing.

In conclusion, we have generated early insights into factors asso-
ciated with COVID-19-related death using the detailed primary care 
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Deprivation (IMD) quintile
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Asthma

Chronic respiratory disease

Chronic cardiac disease

Hypertension or high blood pressure

Chronic liver disease

Stroke or dementia

Other neurological disease

Organ transplant

Asplenia

Rheumatoid arthritis, lupus or psoriasis

Other immunosuppressive condition

18–39
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50–59 (ref)
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70–79
80+

Female (ref)
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Not obese (ref)
Obese class I
Obese class II
Obese class III

Never (ref)
Former
Current

White (ref)
Mixed
South Asian
Black
Other

1 (least deprived; ref)
2
3
4
5 (most deprived)

No diabetes (ref)
Controlled (HbA1c < 58 mmol mol–1)
Uncontrolled (HbA1c ! 58 mmol mol–1)
Unknown HbA1c

Never (ref)
Diagnosed <1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago

Never (ref)
Diagnosed < 1 year ago
Diagnosed 1–4.9 years ago
Diagnosed 5+ years ago

None (ref)
eGFR 30–60 ml min–1 per 1.73 m2

eGFR < 30  ml min–1 per 1.73 m2

No asthma (ref)
With no recent OCS use
With recent OCS use
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Fig. 3 | Estimated hazard ratios for each patient characteristic from a 
multivariable Cox model. Hazard ratios are shown on a log scale. Error bars 
represent the limits of the 95% confidence interval for the hazard ratio. IMD, 
index of multiple deprivation; obese class I, BMI 30–34.9; obese class II, BMI 
35–39.9; obese class III, BMI!"!40; OCS, oral corticosteroid; ref, reference 
group. All hazard ratios are adjusted for all other factors listed other than 
ethnicity. Ethnicity estimates are from a separate model among those 
individuals for whom complete ethnicity data were available, and are fully 
adjusted for other covariates. Total n!=!17,278,392 for the non-ethnicity models, 
and 12,718,279 for the ethnicity model.

2020 Medicare study sample, age ≥65 years

32% sought medical attention in the post-acute period
for 1+ new or persistent clinical sequelae, which was

11% higher than the comparison group
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Sequele a lungo termine del COVID-19 (2)
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«Fragilità» e mortalità da COVID-19

• Molti studi indicano che la mortalità da COVID-19 è 
maggiore negli anziani «fragili», identificati per lo 
più con la Clinical Frailty Scale (CFS)

• Altri negano questa relazione
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«Fragilità» e mortalità da COVID-19 (1)

Hewitt J, et al. Lancet Pub Health 2020
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Marengoni A, et al. JGMS 2021

«Fragilità» e mortalità da COVID-19 (2)
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Miles A, et al. Eur Geriatr Med 2020Owen RK, et al. Age Ageing 2021

«Fragilità» e mortalità da COVID-19 (3)
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Limiti degli studi su «fragilità» e mortalità da COVID-19

- Solo pazienti ospedalizzati
- Mortalità ospedaliera o a breve termine
- «Fragilità» stimata attraverso la CFS, attribuita a 

posteriori
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«Fragilità» secondo la Clinical Frailty Scale (CFS)

1. Very fit — robust, active, energetic, well motivated and fit; these people
commonly exercise regularly and are in the most fit group for their age

2. Well — without active disease, but less fit than people in category 1
3. Well, with treated comorbid disease — disease symptoms are well controlled

compared with those in category 4
4. Apparently vulnerable — although not frankly dependent, these people

commonly complain of being “slowed up” or have disease symptoms
5. Mildly frail — with limited dependence on others for instrumental activities of

daily living
6. Moderately frail — help is needed with both instrumental and non-

instrumental activities of daily living
7. Severely frail — completely dependent on others for the activities of daily

living, or terminally ill

Rockwood K, et al. CMAJ 2005
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Valore e limiti della Clinical Frailty Scale

• Ottimo predittore di mortalità
• Non predice, ma incorpora, la disabilità

• Non coerente con modelli di Nagi e ICF (International 
Classification of Functioning and Disability, WHO) 

• Non utile sotto il profilo fisiopatologico
• Non utile per la prevenzione della disabilità

• Indicatore di complessità o vulnerabilità, non di 
fragilità
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Limiti degli studi su «fragilità» e mortalità da COVID-19

• Solo pazienti ospedalizzati
• Mortalità ospedaliera o a breve termine
• «Fragilità» stimata attraverso la Clinical Frailty Scale 

(CFS), attribuita a posteriori
• In genere nessun confronto con pazienti COVID-19 

negativi
• La relazione tra COVID-19 e fragilità vulnerabilità è 

stata studiata in una direzione poco interessante!
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Vulnerabilità e prognosi del COVID-19: uno studio in 
AOUC e ATC
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Valutare il ruolo della vulnerabilità sulla 
mortalità a lungo termine di pazienti anziani 
con COVID-19, a confronto con soggetti COVID-
19 negativi, separatamente tra ospedalizzati e 
non ospedalizzati 

Scopo dello studio
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1. Ospedalizzati (HC): linkage tra i dati del DEA con il database 
delle dimissioni ospedaliere, confrontando soggetti COVID+ e 
COVID- (HC+ vs HC-)

2. Non ospedalizzati (NHC): linkage tra i dati del DEA e il database 
dell’ISS per l’eventuale positività al COVID-19, confrontato 
soggetti COVID+ e COVID- (NHC + e NHC-)

• Vulnerabilità stimata tramite DSC, calcolato all’ingresso in PS

• Follow-up di 1 anno (FU mediano: 206 [86-293] giorni negli 
ospedalizzati, 247 [190-302] giorni nei non ospedalizzati)

Metodi
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• Strumento di stratificazione prognostica di pazienti 75+ che 
accedono al PS tramite utilizzo real-time di dati amministrativi 

• Punteggio calcolato sulla base di età, sesso, precedenti accessi in 
PS, numero di farmaci, precedente ammissione ospedaliera con 
relativa diagnosi

• In base al punteggio, 4 classi a rischio di morte crescente, a breve 
e lungo termine

• Riflette lo stato funzionale precedente l’accesso in PS, 
rappresentando un misura di vulnerabilità

• Incorporato nel software di PS in AOUC e ATC

Balzi D, et al. BMJ Open 2019
Di Bari M, et al. J Am Med Dir Assoc 2021

Il Codice Argento Dinamico (DSC)
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Risultati: selezione dei casi

assumption of proportionality of hazards over time was veri!ed with
the Schoenfeld residuals and comparing the survival functions for each
covariate pattern; the !tting of the models was evaluated using the
Cox-Snell residuals. Interaction between diagnosis of COVID-19 andDSC
class was tested with Wald test. Because the DSC incorporates de-
mographics and some data on comorbidities, these variables were not
entered in multivariable analyses, to prevent over-correction.

Protection against type I error was set at alpha level of 0.05.

Results

Figure 1 reports the study cohort assembly, after exclusion of
repeated ED accesses. A total of 38,611 patients age 75! years had at
least 1 ED access between March 1 and November 15, 2020 registered
in the ATC and AOUC archives, fromwhich the DSC could be extracted.
Of them, 17,698 had emergency hospitalization, 1152 elective hospi-
talization, and 19,761 were not hospitalized. Among patients with
emergency hospitalization, those with an ICD-9-CM code 078.89 as
their primary or secondary diagnosis, together with those in whom

this code was a subsequent diagnosis and the primary diagnosis re-
ported an ICD-9-CM code consistent with acute respiratory disease or
viral infection, represented the group of hospitalized participants with
adjudicated diagnosis of COVID-19 (HC!, n " 1745). The HC! group
was compared with patients whose emergency hospitalization was
not due to COVID-19 (HC-, n " 15,846).

Of the 19,761 patients whose ED accesswas not followed by hospital
admission, 1039 could be linked to records in the ISS registry of COVID-
19 cases and represented the group of nonhospitalized COVID-19
(NHC!) participants, whereas 18,722 could not be linked and were
considered as nonhospitalized non-COVID-19 (NHC-) comparators.

Overall Assessment of Mortality Risk

Over the entire follow-up, 8134 (21.8%) participants died. Increasing
DSC class, the diagnosis of COVID-19, and hospital admission predicted
independently the risk of death (Supplementary Table 2).

Fig. 1. Flow-chart of the study cohort assembly. HC! and HC- are hospitalized participants with/without adjudicated diagnosis of COVID-19, based on discharge records. NHC! and
NHC- are nonhospitalized participants with/without diagnosis of COVID-19, based on linkage with the ISS registry.

Table 1
Comparison of the Characteristics of Participants Who Were or Were Not Diagnosed With COVID-19 Separately in Those Who Were or Were Not Hospitalized

HC! (n " 1745) HC- (n " 15,846) P Value NHC! (n " 1039) NHC- (n " 18,722) P Value

Age (y) 84 # 5.6 85 # 5.7 <.001 84 # 6.1 83 # 5.5 <.001
Male sex 852 (48.8) 6839 (43.1) <.001 417 (40.1) 7751 (41.4) .432
DSC class (score)
I (<10) 541 (31.0) 4599 (29.0) <.001 352 (33.9) 8233 (44.0) <.001
II (11!25) 616 (35.3) 6270 (39.6) 396 (38.1) 6468 (34.6)
III (26!34) 360 (20.6) 3525 (22.2) 199 (19.2) 2834 (15.1)
IV ($35) 228 (13.1) 1452 (9.2) 92 (8.6) 1187 (6.3)

Length of hospital stay (d) 11 [6, 19] 7 [5, 11] <.001 / / /
Mortality 845 (48.4) 5372 (33.9) <.001 291 (28.0) 1629 (8.7) <.001

Data are mean # SEM, median [IQR], or n (%).

M. Di Bari et al. / JAMDA xxx (2022) 1e7 3

assumption of proportionality of hazards over time was veri!ed with
the Schoenfeld residuals and comparing the survival functions for each
covariate pattern; the !tting of the models was evaluated using the
Cox-Snell residuals. Interaction between diagnosis of COVID-19 andDSC
class was tested with Wald test. Because the DSC incorporates de-
mographics and some data on comorbidities, these variables were not
entered in multivariable analyses, to prevent over-correction.

Protection against type I error was set at alpha level of 0.05.

Results

Figure 1 reports the study cohort assembly, after exclusion of
repeated ED accesses. A total of 38,611 patients age 75! years had at
least 1 ED access between March 1 and November 15, 2020 registered
in the ATC and AOUC archives, fromwhich the DSC could be extracted.
Of them, 17,698 had emergency hospitalization, 1152 elective hospi-
talization, and 19,761 were not hospitalized. Among patients with
emergency hospitalization, those with an ICD-9-CM code 078.89 as
their primary or secondary diagnosis, together with those in whom

this code was a subsequent diagnosis and the primary diagnosis re-
ported an ICD-9-CM code consistent with acute respiratory disease or
viral infection, represented the group of hospitalized participants with
adjudicated diagnosis of COVID-19 (HC!, n " 1745). The HC! group
was compared with patients whose emergency hospitalization was
not due to COVID-19 (HC-, n " 15,846).

Of the 19,761 patients whose ED accesswas not followed by hospital
admission, 1039 could be linked to records in the ISS registry of COVID-
19 cases and represented the group of nonhospitalized COVID-19
(NHC!) participants, whereas 18,722 could not be linked and were
considered as nonhospitalized non-COVID-19 (NHC-) comparators.

Overall Assessment of Mortality Risk

Over the entire follow-up, 8134 (21.8%) participants died. Increasing
DSC class, the diagnosis of COVID-19, and hospital admission predicted
independently the risk of death (Supplementary Table 2).

Fig. 1. Flow-chart of the study cohort assembly. HC! and HC- are hospitalized participants with/without adjudicated diagnosis of COVID-19, based on discharge records. NHC! and
NHC- are nonhospitalized participants with/without diagnosis of COVID-19, based on linkage with the ISS registry.

Table 1
Comparison of the Characteristics of Participants Who Were or Were Not Diagnosed With COVID-19 Separately in Those Who Were or Were Not Hospitalized

HC! (n " 1745) HC- (n " 15,846) P Value NHC! (n " 1039) NHC- (n " 18,722) P Value

Age (y) 84 # 5.6 85 # 5.7 <.001 84 # 6.1 83 # 5.5 <.001
Male sex 852 (48.8) 6839 (43.1) <.001 417 (40.1) 7751 (41.4) .432
DSC class (score)
I (<10) 541 (31.0) 4599 (29.0) <.001 352 (33.9) 8233 (44.0) <.001
II (11!25) 616 (35.3) 6270 (39.6) 396 (38.1) 6468 (34.6)
III (26!34) 360 (20.6) 3525 (22.2) 199 (19.2) 2834 (15.1)
IV ($35) 228 (13.1) 1452 (9.2) 92 (8.6) 1187 (6.3)

Length of hospital stay (d) 11 [6, 19] 7 [5, 11] <.001 / / /
Mortality 845 (48.4) 5372 (33.9) <.001 291 (28.0) 1629 (8.7) <.001

Data are mean # SEM, median [IQR], or n (%).

M. Di Bari et al. / JAMDA xxx (2022) 1e7 3

Di Bari M, et al. JAMDA 2022

21

M. Di Bari 
COVID e vulnerabilità, 2022

Ospedalizzati Non Ospedalizzati
N Decessi (%) HR (95% CI) N Decessi (%) HR (95% CI)

COVID-positivi 1,745 845 (48.4) / 1,039 291 (28.0) /

DSC classe I 541 149 (27.5) 1 352 50 (14.2) 1

DSC classe II 616 315 (51.1) 2.24 (1.84-
2.72) 396 114 (28.8) 2.25 (1.62-3.14)

DSC classe III 360 235 (65.3) 3.37 (2.75-
4.14) 199 84 (42.2) 3.50 (2.46-4.96)

DSC classe IV 228 146 (64.0) 3.08 (2.45-
3.87) 92 43 (46.7) 3.72 (2.47-5.59)

COVID-negativi 15,846 5,372 (33.9) / 18,722 1,629 (8.7) /

DSC classe I 4,599 913 (19.9) 1 8,233 235 (2.9) 1

DSC classe II 6,270 2,131 (34.0) 1.88 (1.74-
2.03) 6,468 634 (9.8) 3.55 (3.05-4.12)

DSC classe III 3,525 1,587 (45.0) 2.65 (2.45-
2.88) 2,834 448 (15.8) 5.86 (5.00-6.86)

DSC classe IV 1,452 741 (51.0) 2.85 (2.59-
3.15) 1,187 309 (26.0) 9.70 (8.18-11.49)

Risultati: mortalità, per ospedalizzazione e DSC

Di Bari M, et al. JAMDA 2022
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Sopravvivenza, per classe DSC: pazienti ospedalizzati

Hospitalized Participants

The characteristics of HC! and HC- participants are shown in
Table 1. HC! participants were younger than HC-, with a similar
proportion of men. The distribution across DSC classes and the
duration of hospital stay differed signi!cantly between the 2 groups.
The 10 most common discharge diagnoses in HC- are reported in
Supplementary Table 3.

Over a median follow-up duration of 206 (86e293) days, 48.4% of
the HC! and 33.9% of the HC- participants died (Table 1). Interaction
between DSC class and the diagnosis of COVID-19 was slightly sig-
ni!cant (P" .034). In HC! participants, mortality increased from27.5%
in DSC class I to 51.1% in class II and 65.3% in class III, then it declined
mildly (64.0%) in class IV, with 2-fold to 3-fold greater hazards of
death in class IIeIV vs class I. In HC- patients, the absolute risk of death
was always lower than in HC! within each DSC class and increased
progressively across DSC classes, from 19.9% in class I through 51.1% in
class IV. HRs had a similar stepwise increase, from 1.9 to 2.9 (Table 2).
Thus, in analyses strati!ed by DSC class, the excess mortality

associated with COVID-19, although always signi!cant, was compa-
rable within each DSC stratum, with HRs ranging between 1.6 and 2.2
(Figure 2).

Nonhospitalized Participants

The characteristics of NHC! and NHC- participants are presented
in Table 1. NHC! participants were older than NHC-, with a similar
proportion of men. The distribution across DSC classes was also
different between the 2 groups.

Throughout a median (IQR) observation time of 247 (190e302)
days, 28% of the NHC! participants and 8.7% of the NHC- participants
died (P < .001). Interaction between DSC class and the diagnosis of
COVID-19 in nonhospitalized participants was highly signi!cant
(P < .001). Mortality increased stepwise across DSC classes in both
groups, yet more sharply in NHC-, from 14.2% in class I to 46.7% in class
IV among NHC!, and from 2.9% in class I to 26% in class IV among
NHC- (Table 2). Compared with class I, the hazard of death across
classes IIeIV was 2.3, 3.5, and 3.7 greater in NHC!, and 3.6, 5.9, and 9.7

Table 2
Mortality and Risk of Death by DSC Class Separately in Participants Who Were or Were Not Hospitalized and Were or Were Not Diagnosed With COVID-19

Hospitalized Non-hospitalized

Participants Deaths (%) HR (95% CI) Participants Deaths (%) HR (95% CI)

All COVID-positives 1745 845 (48.4) / 1039 291 (28.0) /
DSC class I (score #10) 541 149 (27.5) 1 352 50 (14.2) 1
DSC class II (score 11-25) 616 315 (51.1) 2.24 (1.84-2.72) 396 114 (28.8) 2.25 (1.62-3.14)
DSC class III (score 26-34) 360 235 (65.3) 3.37 (2.75-4.14) 199 84 (42.2) 3.50 (2.46-4.96)
DSC class IV (score $35) 228 146 (64.0) 3.08 (2.45-3.87) 92 43 (46.7) 3.72 (2.47-5.59)

All COVID-negatives 15,846 5372 (33.9) / 18,722 1626 (8.7) /
DSC class I (score #10) 4599 913 (19.9) 1 8233 235 (2.9) 1
DSC class II (score 11-25) 6270 2131 (34.0) 1.88 (1.74-2.03) 6468 634 (9.8) 3.55 (3.05-4.12)
DSC class III (score 26-34) 3525 1587 (45.0) 2.65 (2.45-2.88) 2834 448 (15.8) 5.86 (5.00-6.86)
DSC class IV (score $35) 1452 741 (51.0) 2.85 (2.59-3.15) 1187 309 (26.0) 9.70 (8.18-11.49)

Fig. 2. Survival curves of hospitalized COVID-19 vs non-COVID-19 (HC!, HC-) participants, separately in each DSC class.
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Sopravvivenza, per classe DSC: pazienti non ospedalizzati

greater in NHC- (Table 2). The excess mortality associated with
COVID-19 decreased progressively with advancing DCS class, from an
HR of 5.3 in class I to an HR of 2.0 in class IV (Figure 3).

Time Course of Mortality

Mortality gradient between participants with and without COVID-
19 had different time courses in hospitalized and nonhospitalized
individuals. In HC! of all DSC classes, the risk of death increased
dramatically in the !rst month after enrollment, plateauing in the
following months (Figure 2). Conversely, in nonhospitalized partici-
pants the survival curves separated progressively in classes IeIII and
diverged substantially only after the third month in class IV (Figure 3).

Discussion

In this large cohort of older patients accessing the EDs of Tuscany,
we examinedwhether vulnerability, expressed by the DSC, modulated
the risk of death associated with COVID-19 several months after ED
access, separately in individuals whowere orwere not hospitalized. At
the same time, we evaluated the excess risk of death associated with
COVID-19, balancing background risk with the DSC. In hospitalized
participants, mortality increased 2- to 3-fold with advancing DSC
class, similarly in the presence and in the absence of COVID-19. The
mild decline in the risk of death observed in DSC class IV HC! par-
ticipants compared with class III, can be ascribed to the lower preci-
sion of the estimates in the smaller group of HC! patients. Conversely,

in nonhospitalized participants, the diagnosis of COVID-19 increased
the risk of death within each DSC class, but to a greater extent in the
!rst than in the last classes (ie, more in individuals with lower back-
ground risk).

Several studies7e17 and systematic reviews27,28 analyzed the
relationship between frailty and COVID-19 mortality. However, the
tool usually applied for this purpose was the CFS, which in-
corporates dependency as a measure of “frailty”, where in fact
dependency is to be considered as an outcome of the frailty sta-
tus.16 Therefore, we questioned this use of the term frailty, instead
of vulnerability. With few exceptions,20,21 the available evidence
suggests that CFS-de!ned vulnerable individuals have an increased
COVID-19 short-term mortality. In particular, a systematic review of
34 articles, with more than 18,000 hospitalized patients, reported
that, compared with individuals with CFS of 1-3, mortality was 2-
fold and 3-fold greater in those with CFS of 4e5 and 6e9,
respectively.28 Nevertheless, in a retrospective cohort study of 1071
patients age 65! years, increasing vulnerability was associated
with greater 30-day mortality in COVID-negative, but not in COVID-
positive participants: because the diagnosis of COVID-19 enhanced
the risk of death, the authors concluded that the disease strongly
in"uences per se survival, beyond well-established prognostic in-
dicators.20 Consistently with the majority of previous studies
enrolling only COVID-19 participants, we found that vulnerability,
as estimated from the DSC, increases long-term mortality in older
patients hospitalized with COVID-19, but not more than in patients
hospitalized with other diagnoses.

Fig. 3. Survival curves of non-hospitalized COVID-19 vs non-COVID-19 (NHC!, NHC-) participants, separately in each DSC class.
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• La vulnerabilità (classe DSC avanzata) aumenta la mortalità a 
lungo termine di pazienti anziani ospedalizzati con COVID-19, 
in misura simile rispetto a pazienti con altre diagnosi

• Nei non ospedalizzati, l’impatto di COVID-19 sulla 
sopravvivenza è relativamente maggiore nei pazienti meno 
vulnerabili

• La separazione progressiva delle curve di sopravvivenza tra 
NCH+ e NCH- indica un outcome negativo a lungo termine di 
COVID-19 forse indipendente da problemi respiratori

• (È improbabile che nei non ospedalizzati deceduti COVID-19 
sia stata identificato come causa di morte: la mortalità da 
COVID-19 è stata sottostimata?) 

Vulnerabilità e COVID-19

Conclusioni
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