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Introduction: The role of an infectious agent may be unclear as the primary cause of 
death. Furthermore, many infections go undiagnosed, particularly if identification does 
not affect treatment. To circumvent the limitations of individual death attribution, 
a population-level assessment of the role of infectious acute gastroenteritis (AGE) was 
performed.
Methods: Using the Clinical Practice Research Datalink and the Office for National 
Statistics – Mortality Statistics, covering 16 million patients in the UK, we conducted 
a matched case–control study to estimate the odds of having AGE not due to 
Clostridioides difficile infection (CDI) diagnosed in the month before death among hospita-
lized adults in England. To estimate the number of deaths, we first estimated the attributable 
fraction (AF). The population attributable fraction (PAF) was then derived by multiplying AF 
with the proportion of AGE hospitalizations among all hospitalizations. Finally, by multi-
plying the PAF with the number of deaths, the number of deaths attributable to AGE not 
caused by CDI among hospitalized patients was estimated.
Results: The odds of having AGE not caused by CDI was 4.6 times higher among fatal 
compared to non-fatal hospitalizations. The overall PAF was 1.7% for AGE not caused by 
CDI. The overall number of deaths attributable to AGE not caused by CDI among adults in 
England is estimated to be 5000 annually.
Discussion: Approximately 5000 of the 276,000 deaths that occur annually among hospi-
talized adults in England can be attributed to AGE not caused by CDI, which is higher than 
previously estimated.
Keywords: acute gastroenteritis, CPRD, England, population attributable fraction

Introduction
Acute gastroenteritis (AGE) is an important cause of morbidity across all ages 
worldwide. It is estimated that in the UK approximately 17 million cases of AGE 
and 1 million general practitioner (GP) consultations for AGE occur per year.1 And 
in the United States, the number of AGE cases was estimated at 179 million in 
2010,2 and 274 million cases per year between 2005 and 2014, although a decrease 
was seen over time in this study.3 Acute gastroenteritis can be caused by a range of 
viruses, bacteria, parasites, and fungi;4 however, in most cases the pathogen causing 
AGE goes unidentified due to lack of testing.5
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The Global Burden of Disease study estimated that 
diarrhea was a leading cause of death, with 1.7 million 
deaths in 2016.6 Clostridioides difficile is one of the more 
frequently identified pathogens causing AGE, in particular 
in hospitalized patients,5 possibly because of recognized 
risk factors in patients, including recent antibiotic use, 
hospitalization, or advanced age, that may prompt 
testing.7 C. difficile infection (CDI) is the most frequently 
identified healthcare-associated infection in high-income 
countries including the United States7 and is also an 
important cause of mortality. In 2004 the age- 
standardized mortality rate for CDI was 17 per million 
population, or 89 deaths, in Finland,8 and 24 per million 
population, or nearly 7000 deaths, in the United States.9 

Death rates for AGE due to infectious pathogens other 
than Clostridioides difficile are not well defined. Some 
studies have assessed a limited number of other causes 
such norovirus and Salmonella.10,11

It is recognized that infections as proximal causes of 
death are underestimated.12 Mortality statistics rely on the 
use of death certificates as a primary data source,12 and 
hence, on the assessor’s judgement and perception of the 
importance of the different processes that may have led to 
death. Death certificate data generally emphasize the bur-
den of chronic disease; however, a clear majority of deaths 
occur during hospitalizations for reasons quite different 
from the reported underlying cause of death.12 Death due 
to an infectious agent in particular is often not put forward 
as the primary cause.13 A study from the United States 
estimates that from 17-to-19% of inpatient deaths attribu-
ted to heart disease, cancer and stroke by death certificates, 
actually occur during hospitalization for infectious 
causes.12 The same study also suggests that hospital 
records for patients who died during an inpatient hospita-
lization “paint distinct and complementary impressions 
about mortality”.

To assess the role of AGE as a cause of death in hospi-
talized adult patients, we performed a matched case–control 
study, using routinely collected medical datasets.

Methods
Data Sources
We analyzed data from the Clinical Practice Research 
Datalink (CPRD), linked to data from the Hospital 
Episode Statistics Admitted Patient Care (HES APC) and 
the Office for National Statistics – Mortality Statistics 
(ONS, https://www.ons.gov.uk) databases. The CPRD is 

a primary healthcare database containing anonymized 
medical records for over 16 million patients attending 
691 general practitioners (GPs) in the UK (release 
January 2016). The HES APC database contains records 
of all hospital admissions in England.

Study Design
As we anticipated that infectious AGE episodes are more 
likely to be diagnosed in hospitalized patients than non- 
hospitalized patients, we expected an important diagnostic 
bias to occur in a study that would include all deaths, 
irrespective of hospitalization. Moreover, given that the 
majority of deaths (60%) in the UK occur in hospitalized 
patients,14 we limited the study to these patients.

We conducted a matched case–control study. We con-
sidered as cases all adults who died within 30 days of 
discharge, between January 1st, 2006 and December 31st, 
2014. The date of death served as index date. Using risk- 
set sampling, each case was matched to one control 
selected from hospitalized adults who did not decease 
within 30 days after discharge. Matching occurred 1:1 on 
gender, year of birth, calendar time of the index date, and 
Charlson’s comorbidity score 30 days before cases’ death 
(index date). The Charlson’s comorbidity score is 
a method of categorizing patients based on the presence 
of categories of comorbidities. Each comorbidity category 
has an associated weight (from 1 to 6), based on the 
adjusted risk of mortality or resource use, and the sum of 
all the weights results in a single comorbidity score for 
a patient, with a higher score predicting a higher likelihood 
of mortality or higher resource use. Cases and controls 
were matched on their exact Charlson’s comorbidity 
scores. The predictive value of the Charlson’s comorbidity 
score for mortality was recently shown in the Finnish 
National Care Register for Health Care (HILMO), which 
is comparable to the HES database.15

Exposure
An AGE episode was defined as a series of at least one 
AGE event (ICD-10 codes A00.0-A09.9, excluding 
A06.4-A06.7, and K52.8-K52.9, and their Read code 
counterparts, see Supplemental Table 1), with the lag 
time between successive events not exceeding 14 days. 
Hence, a recurrence with a lag time of more than 14 
days was considered as a new AGE episode. The episode 
index date was the date of the first AGE event of the AGE 
episode. AGE episodes were classified as primary care- 
only or requiring hospitalization based on the level of care 
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required over the course of the episode. Any episode 
containing at least one AGE event from HES Inpatient 
was classified as requiring hospitalization. An AGE caused 
by CDI was identified as an AGE with the code A04.7 (for 
Read code counterparts, see Supplemental Table 2). For 
the timing of exposure ascertainment relative to the index 
date, a period of 30 days was chosen, as a rather standard 
time to look at the immediate effect of a relatively short- 
lived infectious disease, in analogy to 30-day mortality.16 

AGE will usually be limited to a few days in healthy 
persons but can be prolonged in frail individuals and 
thus contribute to death beyond its acute stage.

Inclusion Criteria
Cases and controls were eligible for inclusion if: 1) they 
had been registered in the CPRD database for at least 6 
months; 2) their GP practice had been classified as “up to 
standard” for at least 6 months; and 3) subjects were 
eligible for HES linkage. To include all deaths, ONS and 
HES were combined, as both report deaths regardless of 
cause of death.

Ethics
The study protocol was approved by the MHRA 
Independent Scientific Advisory Committee [ISAC proto-
col. 16_063R]. Study-specific patient informed consent 
was not required. The CPRD has been granted Multiple 
Research Ethics Committee approval (05/MRE04/87) to 
undertake purely observational studies, with external data 
linkages including HES and ONS mortality data. The work 
of CPRD is also covered by NIGB–ECC approval ECC 
5-05 (a) 2012.

Analysis
The association between death and diagnosis in the pre-
ceding 30 days of AGE not caused by CDI (AGE-nonCDI) 
was estimated with odds ratio (OR) using a conditional 
logistic regression model (not adjusting for other vari-
ables). To estimate the number of deaths due to AGE- 
nonCDI among adults in England, we first estimated the 
attributable fraction (AF) under the rare disease assump-
tion, using the formula AF = (OR-1)/OR. The population 
attributable fraction (PAF) was then derived by multiply-
ing the AF with the proportion of AGE-nonCDI hospitali-
zations among all hospitalizations. Finally, by multiplying 
the PAF with the number of deaths among hospitalized 
adults in England,14,17 the absolute number of deaths attri-
butable to AGE-nonCDI among hospitalized patients was 

estimated. In addition, we performed the same exercise for 
AGE caused by CDI. As we believe CDI is a well identi-
fied cause of death and likely to be accurately diagnosed 
and recorded in death registers, we compared the estimates 
for AGE caused by CDI using our methodology to the 
reported numbers as a positive control. All analyses were 
stratified by age, with the age categories 18–64 years, 
65–74 years, 75–84 years and 85+ years, using 
a category for younger adults (18–64 years) in line with 
prior analyses of mortality due to infectious causes, and 
more granular age groups for the elderly.

Results
Population Description
Between January 2006 and December 2014, the CPRD and 
ONS databases included 212,399 death records for adults. 
Using the hospitalization data, we could match 35,219 deaths 
(cases) to an identical number of controls who survived and 
were hospitalized in the same period. The number of deaths 
varied by age group: 2163 in the age group 18–64 years; 
4,313 in the age group 65–74 years; 11,813 in the age group 
75–84 years; and 16,930 in the age group 85+ years (Table 1).

Diagnosis of AGE-NonCDI in Patients 
Who Died versus Those Who Survived
A total of 3360 cases (9.5%) and 604 controls (1.7%) had an 
AGE diagnosis in the 30 days before the index date. The 
majority of AGE episodes were diagnosed in hospital (3176 
out of 3964 subjects, or 80.1%). The estimated odds ratios 
(OR) of having an AGE episode not caused by CDI in the 30 
days prior to dying, among the hospitalized patients was 4.6 
(95% CI: 4.2–5.1) across all age groups (Figure 1). The OR 
was higher when the episode was diagnosed in hospital (OR 
7.2, 95% CI: 6.4–8.3) than when diagnosed by the GP (OR 
2.0: 95% CI 1.7–2.3). The OR for a hospital-diagnosed 
episode of AGE-nonCDI in patients who died versus sur-
vived, was significantly lower in patients aged 18–64 years 
than in older patients. This trend was not observed when the 
episode was GP-diagnosed.

Number of Deaths Attributable to 
AGE-NonCDI
The overall PAF was 1.7% for any AGE-nonCDI. The 
highest PAF was observed in the 85+ years age group, 
where the PAF was 2.6% for any AGE-nonCDI (Table 2). 
The overall number of deaths attributable to AGE-nonCDI 
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in adults was estimated at 5000 annually, with nearly half 
(2423, 48.5%) occurring in the 85+ years age group.

Number of Deaths Attributable to CDI
For AGE caused by CDI, the PAF was 0.14%. The highest 
PAF, 0.6%, was observed in the 85+ years age group. The 
overall number of deaths attributable to CDI in adults was 

estimated at 856 annually. Of these, 566 (66%) occurred in 
the 85+ years age group.

Discussion
This study aimed to better define the role of AGE in all- 
cause mortality in hospitalized adults by estimating the 
odds of having AGE diagnosed in the month before 
death. Using linked routine datasets, we estimated that 
every year 5000 deaths in England may be attributable to 
AGE not caused by CDI, and 856 deaths to CDI. This 
suggests that AGE caused by pathogens other than 
C. difficile may contribute to 6-times more deaths than 
CDI in hospitalized adults in England. Our data also 
suggest that using death certificates to estimate mortality 
attribution may significantly underestimate deaths due to 
AGE. In a study using death certificates (the Office of 
National Statistics), Harris et al estimated that in England 
and Wales 400 deaths/year in persons 65+ years were 
attributable to AGE other than CDI.10 In comparison, we 
found that AGE other than CDI contributed to 4598 deaths 
in persons 65+ years.

Norovirus is an important cause of AGE other than 
CDI. Harris et al estimated, using death certificates, that 
annually 80 people aged 65+ years in England and Wales 
die of norovirus-attributable AGE.10 We recently con-
ducted a study using the CPRD and HES databases and 
a similar methodological approach to model the role of 
norovirus in AGE in England,5,18 estimating that norovirus 
caused 11.3% of all AGE hospitalizations.5,18 Applying 
age-specific rates, we estimated that approximately 565 
of the nonCDI deaths in England might be related to 
norovirus, of which 460 occur in aged 65+ years. This 
confirms that the number of pathogen-specific AGE deaths 
are highly underreported, and that linked nationwide data-
sets can be used to better understand the role of specific 
pathogens as the causes of death.

Our study has some potential limitations. We did not 
have access to the actual causes of death in our ana-
lyses, but we believe this did not affect our final esti-
mates of the attributable number of deaths. Knowledge 
of the causes of death would have allowed us to exclude 
deaths obviously unrelated to AGE. This would likely 
have led to higher ORs and PAFs. Combined with 
a lower number of deaths we believe this would in 
turn have resulted in similar estimates as what we 
achieved ignoring the causes of death. We cannot 
exclude that some residual bias may still be present in 

Table 1 Summary of AGE Diagnosis, Age Category, Gender and 
Charlson’s Comorbidity Score of Cases and Controls

Cases (%) Controls (%)

Exposure*

Any AGE 3360 (9.5%) 604 (1.7%)

No AGE 31,859 (90.5%) 34,615 (98.3%)

Hospital diagnosed

CDI 973 (2.8%) 37 (0.1%)
NonCDI 1892 (5.4%) 274 (0.8%)

Diagnosed at GP

CDI 17 (<0.1%) 7 (<0.1%)

NonCDI 491 (1.4%) 252 (0.7%)

Gender

Female 17,537 (49.8%) 17,537 (49.8%)
Male 17,682 (50.2%) 17,682 (50.2%)

Age group
18–64 years 2163 (6.1%) 2163 (6.1%)

65–74 years 4313 (12.3%) 4313 (12.3%)

75–84 years 11,813 (33.5%) 11,813 (33.5%)
85+ years 16,930 (48.1%) 16,930 (48.1%)

Charlson’s 
comorbidity score

0 2735 (7.8%) 2735 (7.8%)

1 5628 (16.0%) 5628 (16.0%)
2 8065 (22.9%) 8065 (22.9%)

3 6765 (19.2%) 6765 (19.2%)

4 4893 (13.9%) 4893 (13.9%)
5 3111 (8.8%) 3111 (8.8%)

6 1698 (4.8%) 1698 (4.8%)

7 762 (2.2%) 762 (2.2%)
8 965 (2.7%) 965 (2.7%)

9 379 (1.1%) 379 (1.1%)

10 159 (0.5%) 159 (0.5%)
11 41 (0.1%) 41 (0.1%)

12–15 18 (0.1%) 18 (0.1%)

Notes: *The sum of the number of AGE exposure by category is different from 
“any AGE”: for CDI exposure, matches who had at least 1 subject with nonCDI 
exposure were excluded (due to not being able to be classified as exposed with 
CDI or non-exposed). Similarly, for nonCDI exposure, matches were excluded 
when at least 1 subject had CDI exposure. Finally, some subjects had both hospital- 
diagnosed and GP–diagnosed AGE within 30 days before case’s death. 
Abbreviations: AGE, acute gastroenteritis; CDI, Clostridioides difficile infection.

http://doi.org/10.2147/CLEP.S296516                                                                                                                                                                                                                                  

DovePress                                                                                                                                                                    

Clinical Epidemiology 2021:13 312

Alexandridou et al                                                                                                                                                  Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


our estimates of the OR, despite the matching on gen-
der, age, and Charlson’s comorbidity score. This may 
result in an overestimation of the AGE attributable 
deaths. When we applied the same approach to AGE 
caused by CDI, using CDI-specific AGE codes, we 
estimated 856 deaths to occur annually due to CDI, 
well below the official estimate of 1899.19 This suggests 
that our approach did not result in an overestimation of 
the AGE attributable deaths overall. The relatively low 
estimate we obtained for deaths due to CDI may also 
indicate that CDI was under ascertained in the CPRD/ 
HES datasets, leading to an overestimate of the impor-
tance of AGE not due to CDI. In our dataset, 26% of 
AGE was coded as being caused by CDI. As this is 
higher than the 13% estimate from Sweden,20 and 20% 
estimate in the Netherlands,21 we believe that such 

under-ascertainment of CDI is unlikely to have hap-
pened. We could not differentiate between community- 
acquired and hospital-acquired AGE cases as we did not 
have access to the exact date of the AGE diagnosis. The 
relatively higher ORs for cases diagnosed at the hospital 
may be driven by hospital-acquired infections. Finally, 
as we restricted our analysis to hospitalized adults our 
study does not account for deaths due to AGE that may 
have occurred outside the hospital setting, especially for 
AGEs with an acute onset.

In conclusion, our analyses suggest that the number of 
deaths among hospitalized adults in England attributable to 
AGE-nonCDI is higher than previously estimated. Further 
studies, including microbiological confirmation of AGE 
among hospitalized patients may be needed to confirm our 
findings and the role of the different pathogens.

Figure 1 The odds ratios of mortality in hospitalized patients following non-C. difficile AGE diagnoses by age group. 
Abbreviations: AGE, acute gastroenteritis; GP, general practitioner; OR, odds ratio.
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