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Objectives: Clostridioides difficile infection (CDI) is a common healthcare-associated infection and leading
cause of gastroenteritis-related mortality worldwide. However, data on CDI-associated mortality are
scarce. We aimed to examine the association between CDI and all-cause and cause-specific mortality. We
additionally explored contributing causes of mortality, including recurrent CDI, hospital- or community-
acquired CDI, chronic comorbidities, and age.
Methods: This nationwide population-based cohort study (from 2006 to 2019) compared individuals
with CDI with the entire Swedish background population using standardized mortality ratios. In addi-
tion, a matched-cohort design (1:10), utilizing multivariable Poisson-regression models, provided inci-
dence rate ratios (IRRs) with 95% CIs.
Results: This study included 43 150 individuals with CDI and 355 172 controls. In total, 69.7% were
�65 years, and 54.9% were female. CDI was associated with a 3- to 7-fold increased mortality rate
(IRR ¼ 3.5, 95% CI: 3.3e3.6; standardized mortality ratio ¼ 6.8, 95% CI: 6.7e6.9) compared with the
matched controls and Swedish background population, respectively. Mortality rates were highest for
hospital-acquired CDI (IRR ¼ 2.4, 95% CI: 1.9e3.2) and during the first CDI episode (IRR ¼ 0.2, 95% CI: 0.2
e0.3 for recurrent versus first CDI). Individuals with CDI had more chronic comorbidities than controls,
yet mortality remained higher among CDI cases even after adjustment and stratification for comorbidity;
CDI was associated with increased mortality (IRR ¼ 6.1, 95% CI: 5.5e6.8), particularly among those
without any chronic comorbidities.
Discussion: CDI was associated with elevated all-cause and cause-specific mortality, despite possible
confounding by ill health. Mortality rates were consistently increased across sexes, all age groups, and
comorbidity groups. Annelies Boven, Clin Microbiol Infect 2023;29:1424
© 2023 The Author(s). Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology
and Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
Introduction

Clostridioides difficile is among the most common causes of
healthcare-associated infections [1,2] and the leading cause of
gastroenteritis-related mortality in the Western/industrialized
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world [3,4]. In the United States in 2015, it caused approximately
15% of all healthcare-associated infections [5]. The global annual
incidence was recently estimated around 49 cases of C. difficile in-
fections (CDI) per 100 000 individuals [6].

Risk factors for CDI incidence andmortality include exposures to
antibiotics, proton pump inhibitors (PPIs), H2-receptor antagonists,
and non-steroidal anti-inflammatory drugs (NSAIDs) [7e11]. The
CDI risk appears to increase by the number of previous CDI episodes
(recurrences), older age, healthcare exposure, contact with other
people with CDI, and comorbidities including inflammatory bowel
of Clinical Microbiology and Infectious Diseases. This is an open access article under
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disease, renal failure, haematologic cancer, diabetes mellitus, and
immunosuppression [7,12,13].

CDI itself is associated with high morbidity and mortality: in
multiple cohort and case-control studies on mostly elderly patients
(mean/median age between 60 and 80 years) in the United States,
Canada, England, Scotland, and the Netherlands, 30-day mortality
ranged between 8% and 19% [10,14e19] and 1-year mortality be-
tween 11% and 37% [14,15,17]. In other regions, mortality figures
and causes of death are largely under-reported. Even in countries
with higher incidence, extensive population-based, nationwide
data on cause-specific mortality are lacking.

This Swedish nationwide study, therefore, aimed to examine
mortality after CDI diagnosis, assessing patient characteristics
including chronic comorbidities, hospital or community acquisi-
tion, recurrence, causes of death, and duration of survival.

Methods

This Swedish population-based cohort study included all in-
dividuals with CDI episodes recorded between 1 January 2006 and
31 December 2019 (maximal 14-year follow-up), individually
matched to up to ten controls (for more detail, see Supplementary
methods). The study has been approved by the Swedish Ethical Re-
view Authority (2020-02454), and reported according to STROBE
(STrengthening the Reporting of OBservational studies in Epidemi-
ology) guidelines.

Exposure was defined as having a record of �1 CDI episode
(anytime during the study period) and divided by community- and
hospital-acquired CDI (hospital-acquired defined as a CDI episode
during hospitalization). Recurrence was defined as a CDI episode
within 8 weeks from the initial CDI diagnosis [20].

All-cause and cause-specific mortality (i.e. cardiovascular, can-
cer, respiratory, infectious, and sepsis) were selected based on the
prevalence of the causes of death in Sweden (Table S1) [21].

Potential confounders and effect modifiers were chosen based
on clinical knowledge, including age, sex, year of diagnosis,
comorbidities, and the following prescription drug use: antibiotics,
aspirin, H2-receptor antagonists, PPIs, and NSAIDs (Tables S1 and
S2) [7e9,12,13].

The association between CDI and mortality was investigated by
applying two complementary methods, enhancing the robustness
of the results. First, standardized mortality ratios (SMRs) were
computed, comparing the observedmortality among the cases with
the expected mortality based on the entire Swedish background
population, stratified by sex, age, and calendar period. SMRs were
computed for all-cause, cardiovascular- and cancer-specific mor-
tality. Second, a matched-cohort design was utilized, providing 30-
day, 180-day, and 1-year mortality ratios for all-cause and cause-
specific mortality using (adjusted) IRRs computed by Poisson-
regression modelling.

Results

Participants

This study included 43 150 individuals with CDI, of which 7251
(16.8%) had recurrent and 39 526 (91.6%) hospital-acquired CDI, and
355 172 controls (Fig. S1). Individuals with CDI had a median
follow-up time of 2.0 years and controls of 5.5 years. Most in-
dividuals with CDI in this cohort were elderly: 74.8% were
�65 years old, 21.3% were 20e64, and 3.9% were <20 years. A
history of CDI was found among 1.2% of the individuals with CDI.
CDI was associated with higher comorbidity scores than controls
(mean 3.2 and 1.6, respectively). The most prominent differences
were observed for individuals without any of the included
comorbidities (14.2% cases and 40.6% controls), and those with the
highest score, i.e. �5 (26.7% cases and 8.4% controls). Individuals
with CDI received more prescriptions (from July 2005 onwards)
than controls, especially PPIs (71.5% and 45.7%, respectively) and
antibiotics (97.1% and 85.8%, respectively) (Table 1).

Individuals with recurrent CDI (rCDI) and non-rCDI had a similar
follow-up. Individuals with rCDI included slightlymorewomen and
elderly. Furthermore, individuals with rCDI had higher comorbidity
scores than those without recurrence, the largest differences found
for scores 0 (13.1% versus 14.4%, respectively) and �5 (29.0% versus
26.2%, respectively). The average Charlson Comorbidity Index (CCI)
score was 3.4 and 3.2, respectively. They received a similar number
of prescriptions to individuals with non-rCDI.

Individuals with hospital-acquired CDI had a shorter follow-up
than those with community-acquired CDI (1.7 versus 5.9 years),
included more men and 2.29 times more elderly, and were on
average 23 years older. Moreover, individuals with hospital-acquired
CDI had significantly higher CCI scores: fewer individuals with score
0 (11.5% versus 47.5%) and more with �5 (28.2% versus 7.5%). The
average CCI score was 3.4 and 1.4, respectively. They received more
PPI (72.3% versus 60.1%) and aspirin (53.3% versus 24.8%) pre-
scriptions than individuals with community-acquired CDI.

Absolute deaths

Overall, 61.6% of the CDI group died during the study period,
compared with 28.8% of the controls (Table S3), with a large drop in
survival early after infection as presented in the Kaplan-Meier
curve (Fig. 1(a) and (b)). Most deaths in this study occurred
among individuals aged �65 (89.6% CDI and 96.8% controls).
Nevertheless, more individuals with CDI died among all age and
comorbidity groups than controls of the same age (Table S4). The
most common causes of deaths in this cohort were cardiovascular
disease and cancer (56% cases and 60% controls) (Fig. 2).

Short-term and long-term risk

In this matched cohort, 9.2% of the CDI group versus 0.4% of the
controls died within 30 days (Table S3). Overall, 26.4% versus 2.1%
died within 180 days; and 33.1% versus 4.1% died within 1 year
(Table S3). The largest mortality rates comparing individuals with
CDI with individuals without CDI were found within the first year
(Fig. 1(a)). Individuals with recurrent and non-rCDI presented with
similar mortality rates (Fig. 1(b)).

CDI-associated mortality risk

CDI was associated with a 7-fold increase in all-cause mortality
rate compared with the Swedish background population
(SMR ¼ 6.8, 95% CI: 6.7e6.9) (Table 2), and a 4-fold increase
compared with the individually matched controls (IRR ¼ 3.5, 95%
CI: 3.3e3.6) (Table 3). The highest mortality rates were observed for
cardiovascular- (SMR ¼ 11.3, 95% CI: 11.1e11.5) and cancer-specific
mortality (SMR ¼ 8.8, 95% CI: 8.6e9.0) (Table 2).

Age and sex

Among individuals with CDI, 25.3% (N ¼ 2748) of the <65-year-
old group and 73.9% (N ¼ 23 849) of the �65-year-old group died,
compared with, respectively, 3.1% (N ¼ 3291) and 40.0%
(N ¼ 99 064) among the controls during the 14-year study period.
Compared with the Swedish background population, all-cause
mortality rates in our study period decreased with age: in-
dividuals <65 years old had higher rates (all-cause SMR ¼ 27.4, 95%
CI: 26.2e28.5), than those �65 years (all-cause SMR ¼ 6.3, 95% CI:



Table 1
Characteristics of Swedish individuals with CDI, including recurrent CDI (rCDI), non-recurrent CDI (non-rCDI), and community- and hospital-acquired CDI, and matched
individuals without CDI (2006e2019)

Characteristics Cases (n ¼ 43 150) Controls
(n ¼ 355 172)

Total rCDI
(n ¼ 7251)

Non-rCDI
(n ¼ 35 897)

Community-acquired
(n ¼ 3094)

Hospital-acquired
(n ¼ 39 526)

Unknown
(n ¼ 530)

Follow-up time (y)
Median (IQR) 1.95 (0.34e5.34) 2.10 (0.52e5.07) 1.92 (0.31e5.41) 5.87 (2.61e9.35) 1.72 (0.30e4.87) 3.51 (1.23e6.88) 5.48 (2.59e8.84)

Year of birth
Median (IQR) 1936 (1927e1948) 1937 (1928e1948) 1936 (1927e1948) 1958 (1944e1984) 1935 (1927e1946) 1946 (1937e1962) 1939 (1930e1952)

Sex
Male 19 780 (45.84%) 3145 (43.37%) 16 634 (46.34%) 1209 (39.08%) 18 335 (46.39%) 236 (44.53%) 159 897 (45.02%)
Female 23 370 (54.16%) 4106 (56.63%) 19 263 (53.66%) 1885 (60.92%) 21 191 (53.61%) 294 (55.47%) 195 275 (54.98%)

Age at CDI diagnosisa

Mean (SD) 70.43 (±20.31) 70.79 (±19.83) 70.36 (±20.40) 48.38 (±25.80) 72.29 (±18.68) 61.03 (±21.87) 67.38 (±20.69)
Median (IQR) 76 (64e84) 76 (65e84) 76 (64e84) 54 (29e69) 77 (66e85) 68 (51e77) 73 (61e82)
0e19 1673 (3.88%) 292 (4.03%) 1381 (3.85%) 512 (16.55%) 1127 (2.85%) 34 (6.42%) 16 910 (4.76%)
20e64 9211 (21.35%) 1409 (19.43%) 7800 (21.73%) 1527 (49.35%) 7498 (18.97%) 186 (35.09%) 92 727 (26.11%)
�65 32 266 (74.78%) 5550 (76.54%) 26 716 (74.42%) 1055 (34.10%) 30 901 (78.18%) 310 (58.49%) 245 535 (69.13%)

Year of CDI diagnosisa

2006e2009 12 181 (28.23%) 1779 (24.53%) 10 402 (28.98%) 820 (26.50%) 11 231 (28.41%) 130 (24.53%) 112 024 (31.54%)
2010e2013 13 212 (30.62%) 1972 (27.20%) 11 239 (31.31%) 929 (30.03%) 12 154 (30.75%) 129 (244.34%) 107 248 (30.20%)
2014e2016 9201 (21.32%) 1773 (24.45%) 7428 (20.69%) 685 (22.14%) 8391 (21.23%) 125 (23.58%) 71 143 (20.03%)
2017e2019 8556 (19.83%) 1727 (23.82%) 6828 (19.02%) 660 (21.33%) 7750 (19.61%) 146 (27.55%) 64 757 (18.23%)

History of CDIb

Yes 502 (1.16%) 140 (1.93%) 362 (1.01%) 42 (1.36%) 441 (1.12%) 19 (3.58%) 0 (0.00%)
No 42 648 (98.84%) 7111 (98.07%) 35 535 (98.99%) 3052 (98.64%) 39 085 (98.88%) 511 (96.42%) 355 172 (100.00%)

Charlson Comorbidity score
Mean (SD) 3.21 (±2.47) 3.36 (±2.51) 3.18 (±2.47) 1.38 (±1.88) 3.36 (±2.46) 2.73 (±2.42) 1.61 (±1.88)
Median (IQR) 3 (1e5) 3 (2-5) 3 (1e5) 1 (0e2) 3 (2e5) 2 (1e4) 1 (0e3)
0 6126 (14.20%) 948 (13.07%) 5178 (14.42%) 1469 (47.48%) 4539 (11.48%) 118 (22.26%) 144 252 (40.61%)
1 5321 (12.33%) 834 (11.50%) 4487 (12.50%) 564 (18.23%) 4687 (11.86%) 70 (13.21%) 55 981 (15.76%)
2 8090 (18.75%) 1309 (18.05%) 6780 (18.89%) 420 (13.57%) 7580 (19.18%) 90 (16.98%) 62 297 (17.54%)
3 6846 (15.87%) 1135 (15.65%) 5711 (15.91%) 251 (8.11%) 6501 (16.45%) 94 (17.74%) 40 283 (11.34%)
4 5261 (12.19%) 921 (12.70%) 4340 (12.09%) 157 (5.07%) 5061 (12.80%) 43 (8.11%) 22 694 (6.39%)
�5 11 506 (26.67%) 2104 (29.02%) 9401 (26.19%) 233 (7.53%) 11 158 (28.23%) 115 (21.70%) 29 665 (8.35%)

Proton pump inhibitor use
Yes 30 841 (71.47%) 5400 (74.47%) 25 440 (70.87%) 1860 (60.12%) 28 582 (72.31%) 399 (75.28%) 162 218 (45.67%)
No 12 309 (28.53%) 1851 (25.53%) 10 457 (29.13%) 1234 (39.88%) 10 944 (27.69%) 131 (24.72%) 192 954 (54.33%)

H2 receptor antagonists
Yes 3175 (7.36%) 629 (8.67%) 2546 (7.09%) 275 (8.89%) 2855 (7.22%) 45 (8.49%) 16 182 (4.56%)
No 39 975 (92.64%) 6622 (91.33%) 33 351 (92.91%) 2819 (91.11%) 36 671 (92.78%) 485 (91.51%) 338 990 (95.54%)

Antibiotics
Yes 41 893 (97.09%) 7145 (98.54%) 34 746 (96.79%) 3072 (99.29%) 38 291 (96.88%) 530 (100.00%) 304 851 (85.83%)
No 1257 (2.91%) 106 (1.46%) 1151 (3.21%) 22 (0.71%) 1235 (3.12%) 0 (0.00%) 50 321 (14.17%)

NSAIDs
Yes 25 441 (58.96%) 4487 (61.88%) 20 953 (58.37%) 2096 (67.74%) 16 530 (41.82%) 349 (65.85%) 209 911 (59.10%)
No 17 709 (41.04%) 2764 (38.12%) 14 944 (41.63%) 998 (32.26%) 22 996 (58.18%) 181 (34.15%) 145 261 (40.90%)

Aspirin
Yes 22 051 (51.10%) 3851 (53.11%) 17 698 (49.30%) 766 (24.76%) 21 057 (53.27%) 228 (43.02%) 136 404 (38.41%)
No 21 099 (48.90%) 3400 (46.89%) 18 199 (50.70%) 2328 (75.24%) 18 469 (46.73%) 302 (56.98%) 218 768 (61.59%)

Other prescribed drugs
Yes 43 064 (99.80%) 7248 (99.96%) 35 814 (99.77%) 3086 (99.74%) 39 448 (99.80%) 530 (100.00%) 355 172 (100.00%)
No 86 (0.20%) 3 (0.04%) 83 (0.23%) 8 (0.26%) 78 (0.20%) 0 (0.00%) 0 (0.00%)

CDI, Clostridioides difficile infection; IQR, interquartile range; NSAID, non-steroidal anti-inflammatory drug; SD.
a For the controls, age and year at time of the first CDI date of their matched case was used.
b Controls with a history of CDI were excluded from this study.
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6.3e6.4) (Table 2). Compared with the matched controls, these
mortality rates were quite similar across age groups (<65 years
IRR ¼ 11.5, 95% CI: 10.6e12.5; �65 years IRR ¼ 13.8, 95% CI:
13.5e14.2) (Table 3). These mortality rates were higher than the
non-stratified mortality rate, as the interaction term between CDI
and age was omitted due to collinearity. Furthermore, men had
highermortality rates (SMR¼ 7.6, 95% CI: 7.4e7.7; IRR¼ 4.2, 95% CI:
3.0e4.5) than women (SMR ¼ 6.2, 95% CI: 6.1e6.3; IRR ¼ 2.8, 95%
CI: 2.7e3.0) (Tables 2 and 3).
Comorbidities

Compared with the matched controls, individuals with CDI had
the highest mortality rates among those without comorbidities
(IRR ¼ 6.1, 95% CI: 5.5e6.8) and those with the highest comorbidity
scores (IRR ¼ 3.3, 95% CI: 2.8e3.8) (Table 3). No statistically sig-
nificant associationwas found between CDI and mortality for those
with comorbidity scores 3e4.
Hospital-versus community-acquired CDI

Among individuals with hospital-acquired CDI, 30.5%
(N¼ 2632) of the <65-year-old group and 75.5% (N¼ 23 330) of the
�65-year-old group died, compared with a respective 4.2% (N¼ 86)
and 35.0% (N ¼ 369) among the community-acquired group.

Hospital-acquired CDI was associated with higher mortality
rates than community-acquired CDI (IRR ¼ 2.4, 95% CI: 1.9e3.2),
especially among the older age group (�65 IRR ¼ 12.6, 95% CI:



Fig. 1. Survival time of individuals (a) with and without Clostridioides difficile infection (CDI), from first CDI diagnosis of the (corresponding) case onwards, and (b) with and without
recurrent CDI (rCDI), from first recurrence onwards.

Fig. 2. Main causes of death among individuals with and without Clostridioides difficile infection (CDI).

Table 2
Overall risk of dying following at least one CDI episode, expressed as standardized mortality ratios (SMRs) and 95% CIs, stratified by age, sex, and cause of death. Swedish
population

SMR (95% CI) P for trenda P for inter-actionb

All ages 0e64 y �65 y

All-cause
Total 6.77 (6.69e6.86) 27.35 (26.24e28.50) 6.33 (6.25e6.41) <0.001 <0.001
Male 7.56 (7.43e7.70) 27.52 (25.98e29.13) 7.03 (6.91e7.16) <0.001 <0.001
Female 6.18 (6.08e6.29) 27.16 (25.56e28.84) 5.81 (5.71e5.91) <0.001 <0.001

Cardiovascular
Total 11.30 (11.13e11.47) 53.46 (49.90e57.21) 10.86 (10.69e11.03) <0.001 <0.001
Male 12.69 (12.42e12.97) 47.90 (43.7e52.35) 12.12 (11.85e12.40) <0.001 <0.001
Female 10.28 (10.07e10.50) 63.72 (57.23e70.75) 9.94 (9.73e10.15) <0.001 <0.001

Cancer
Total 8.75 (8.55e8.95) 36.06 (33.92e39.30) 7.75 (7.56e7.95) <0.001 <0.001
Male 9.57 (9.27e9.87) 45.85 (41.99e49.99) 8.54 (8.25e8.83) <0.001 <0.001
Female 7.96 (7.69e8.23) 29.91 (27.43e32.55) 6.99 (6.74e7.26) <0.001 <0.001

CDI, Clostridioides difficile infection.
a Age was modelled categorically to assess linear trend over age categories.
b Interaction between CDI and age was assessed.
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Table 3
Mortality risk after at least one CDI episode, expressed as adjusted incidence rate ratios (IRRs) and 95% CIs, comparing individuals with CDI with their matched individuals
without CDI, comparing individuals with recurrent (rCDI) with individuals with non-recurrent (non-rCDI) CDI, and individuals with community-with individuals with
hospital-acquired CDI

Strata
Total cases (43 150) vs. controls (355 172) rCDI (n ¼ 7251) vs. non-rCDI (n ¼ 35 897) Hospital- (n ¼ 39 526) vs. community-acquired (n ¼ 3094)

Number of deaths
among CDI cases (%)

Adjusted incidence
rate ratio (95% CI)a

Number of deaths
among rCDI cases (%)

Adjusted incidence
rate ratio (95% CI)b

Number of deaths among
hospital-acquired cases (%)

Adjusted incidence
rate ratio (95% CI)c

All 26 597 (61.64%) 3.47 (3.32e3.63) 4236 (58.42%) 0.24 (0.22e0.26) 25 962 (65.68%) 2.43 (1.85e3.20)
Sex
Male 12 709 (64.25%) 4.20 (3.04e4.46) 1968 (62.58%) 0.43 (0.38e0.48) 12 408 (67.67%) 2.76 (1.82e4.18)
Female 13 888 (59.43%) 2.84 (2.66e3.04) 2268 (55.24%) 0.14 (0.13e0.16) 13 554 (63.96%) 1.77 (1.22e2.56)

Age groups
0e64 2748 (25.25%) 11.51 (10.62e12.49) 423 (24.87%) 0.45 (0.37e0.54) 2632 (30.52%) 7.30 (5.38e9.89)
�65 23 849 (73.91%) 13.83 (13.48e14.19) 3813 (68.70%) 1.23 (1.14e1.32) 23 330 (75.506%) 12.56 (10.15e15.56)

Charlson Comorbidity score
0 1329 (21.69%) 6.11 (5.47e6.84) 171 (18.04%) 0.06 (0.05e0.08) 1288 (28.38%) 0.50 (0.25e0.99)
1 2809 (52.79%) 1.45 (1.29e1.63) 392 (47.00%) 0.06 (0.04e0.07) 2737 (58.40%) 0.16 (0.09e0.28)
2 5105 (63.10 %) 1.91 (1.76e2.07) 754 (57.60%) 0.22 (0.18e0.26) 4981 (65.71%) 1.88 (1.23e2.86)
3 4697 (68.61%) 0.88 (0.80e0.98) 740 (65.20%) 0.03 (0.02e0.03) 4571 (70.31%) 0.18 (0.11e0.30)
4 3799 (72.21%) 0.92 (0.81e1.05) 628 (68.19%) 0.08 (0.06e0.09) 3712 (73.35%) 0.06 (0.03e0.11)
�5 8858 (76.99%) 3.32 (2.87e3.83) 1551 (73.72%) 0.00 (0.00e0.00) 8673 (77.73%) 1335.97 (408.62e4367.90)

Drug ever-use
Antibiotics 25 552 (60.99%) 2.26 (2.15e2.37) 4154 (58.14%) 0.21 (0.19e0.23) 24 921 (65.08%) 2.35 (1.78e3.10)
PPIs 19 206 (62.27%) 2.08 (1.96e2.21) 3211 (59.46%) 0.17 (0.15e0.19) 18 735 (65.55%) 3.36 (2.41e4.68)
H2Rs 1745 (54.96%) 1.44 (1.19e1.76) 319 (50.72%) 0.18 (0.12e0.25) 1682 (58.91 %) 0.64 (0.32e1.29)
NSAIDs 14 001 (55.03%) 1.82 (1.72e1.94) 2341 (52.17%) 0.24 (0.22e0.28) 13 625 (59.25%) 2.40 (1.76e3.27)
Aspirin 16 029 (72.69%) 1.42 (1.32e1.53) 2626 (68.19%) 0.36 (0.31e0.419) 15 678 (74.46%) 2.65 (1.50e4.71)

Matched population.
CCI, Charlson Comorbidity Index; CDI, Clostridioides difficile infection; H2R, H2-receptor antagonist; NSAID, non-steroidal anti-inflammatory drug; PPI, proton pump inhibitor.

a Comparing cases with controls, and adjusted for sex, age (as a continuous variable), CCI, drug ever-use, the interaction (term) between CDI and CCI (as a continuous
variable), and the interaction between CDI and age categories (as 0e64 and � 65 y). Age and CCI scores were modelled as continuous variables to prevent information loss. In
all models, the interaction between age group �65 and CDI, recurrent CDI, or hospital-acquired CDI was omitted because of collinearity.

b Comparing rCDI cases with non-rCDI cases, and adjusted for sex, age (as continuous variable), CCI (as a continuous variable), drug ever-use, community- and hospital-
acquired CDI, the interaction (term) between recurrence and CCI, and the interaction between recurrence and age categories (categorized as 0e64 and 65þ y). Age and
CCI scores were modelled as continuous variables to prevent information loss. Recurrent cases (and their matched controls) were followed from their first recurrent episode,
others from the first CDI episode. In all models, the interaction between age group �65 and CDI, recurrent CDI, or hospital-acquired CDI was omitted because of collinearity.

c Comparing hospital-acquired cases with community-acquired cases, and adjusted for sex, age (as continuous variable), CCI, and drug ever-use. Age and CCI scores were
modelled as continuous variables to prevent information loss. In all models, the interaction between age group �65 and CDI, recurrent CDI, or hospital-acquired CDI was
omitted because of collinearity.
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10.2e15.6; <65 IRR ¼ 7.3, 95% CI: 5.4e9.9) (Table 3). There were no
differences between men and women (IRR ¼ 2.8, 95% CI: 1.8e4.2;
and IRR ¼ 1.8, 95% CI: 1.2e2.6, respectively).

The most significant increase in mortality rates was found
among the highest comorbidity scores (IRR ¼ 1336.0, 95% CI:
408.6e4367.9). Among lower comorbidity scores, community-
acquired CDI was associated with higher mortality rates than
hospital-acquired CDI (score 0 IRR ¼ 0.5, 95% CI: 0.2e1.0; score 1
IRR ¼ 0.16, 95% CI: 0.1e0.3; score 3 IRR ¼ 0.2, 95% CI: 0.1e0.3; score
4 IRR ¼ 0.1, 95% CI: 0.0e0.01) (Table 3).

Recurrent versus non-recurrent CDI

Among individuals with rCDI, 24.9% (N ¼ 423) of the <65-year-
old group and 68.7% (N ¼ 3813) of the 65-year-old group died,
compared with a respective 25.3% (N ¼ 2325) and 75.0%
(N ¼ 20 036) among individuals with non-rCDI (data not shown).

Recurrence was associated with lower mortality rates than non-
recurrence (IRR ¼ 0.2, 95% CI: 0.2e0.3) (Table 3). Lower mortality
rates were additionally found among the younger individuals,
among sexes, all comorbidity groups, and all prescribed drug
groups. Among the elderly, mortality rates were slightly higher
among individuals without rCDI than those with rCDI (IRR ¼ 1.2,
95% CI: 1.1e1.3).

Discussion

This study is one of the largest population-based cohorts
following individuals with CDI up to 14 years, presenting an in-
depth evaluation of CDI-related mortality. Our findings indicate
that individuals with CDI had a 3- to 7-fold higher mortality
compared with the Swedish background population and their
matched controls. Most individuals with CDI died early (within
30 days) from cardiovascular- or cancer-related causes, although
the mortality risk remained increased even 1 year after diagnosis.
Thesemortality rates were higher among individuals with hospital-
acquired than community-acquired CDI. The risk of death was also
higher for first infections than for recurrent infections. In other
words, if people die from CDI, it seems they die in the hospital
because of the first episode, not the recurrence(s). Survival bias and
underlying comorbidities may play a role, and although we
adjusted for chronic comorbidities, residual confounding by
comorbidities and frailty is likely. Mortality risks were, however,
still significantly increased when we restricted our analyses to
those without comorbidities.

Previous research, focusing on hospitalized patients, attributed
the increased mortality mainly to comorbidities [16,18,22]. These
studies had much shorter follow-ups [16,18] or included smaller
samples than our study [22]. Furthermore, this study included in-
dividuals with community-acquired CDI (8.4% of all included cases),
who were generally younger and healthier than individuals with
hospital-acquired CDI. Those with community-acquired CDI were
probably less healthy than their peers and might have had more
contact with healthcare (e.g. dialysis, day surgery, and healthcare
workers), which needs further exploration. Nevertheless, residual
confounding by poorer temporary or chronic overall health among
hospital- and community-acquired cases cannot be out-ruled.
Higher frailty may also explain the higher mortality among those
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without a recurrence than those with a recurrence, a finding also
described in large cohort studies from the United States and Japan
[19,23,24], yet contradicted by other studies [25,26]. This distinc-
tion could have occurred because we investigated individuals of
every age in both in- and outpatient care (leading to high coverage,
including the less severe CDI episodes), whereas previous studies
were restricted to only elderly [26] or only adults in inpatient care
[25]. Our results also indicated a slightly higher mortality among
elderly individuals with rCDI compared with elderly individuals
without rCDI, which is more similar to previous research [25,26].

Other studies have shown that CDI strains can present with
different antimicrobial susceptibility patterns, severity of clinical
presentation, risk of recurrence, and even mortality [27e30]. A
recent study indicated important differences between ribotypes in
community-acquired and hospital-acquired CDI [31]. The hyper-
virulent ribotype RT027 has been linked to only a few sporadic
outbreaks in Sweden and seems relatively rare in Sweden
compared with other European countries [31,32]. However, strain
information is not available in the Swedish nationwide Patient
Registry, and could therefore neither be assessed in our present
study, nor in a recent large European study addressing CDI mor-
tality [22].

Previously described hazard ratios around 1.5 and 2.5 [10,14,17]
are lower than our incidence rate ratio of 3.5, possibly because of
different statistical methods and study populations (e.g. only in-
patients over 18 years old) [10,14,17]. Moreover, previous work has
established that older age increases the mortality risk among CDI
patients [19,22], whereas our SMR results indicate an increased
mortality risk for younger people after exposure to CDI (particularly
when compared with the background population). Nevertheless,
younger individuals had an overall lower absolute probability of
death compared with the elderly. Our younger patients with CDI
mostly die from cardiology or oncological causes and are likely
seriously ill.

An important strength is our population-based design including
all recorded CDI cases in Sweden during our study period, while
comparing them with the Swedish population, hence increasing
the statistical power and generalizability of the results. The
matched-cohort design facilitated adjustment for several potential
confounders including comorbidities and prescription drug use.
The validity was high because of the overall complete, high-quality
registries. The Patient Registry captures 85e95% of all inpatient
care diagnoses, and 80% of all hospital-based outpatient health
care, although CDI has not been validated to our knowledge [33].
The Swedish Prescribed Drug Registry has <0.3% missing patient
identification data and includes 45e100% of the entire population
annually, or 85% between 2005 and 2014 (depending on age group,
i.e. proportion using prescribed drugs each year) [34,35]. The
Causes of Death Registry is complete for all deaths among the
Swedish residents from 1991 onwards and captures approximately
98e99% of all causes of death [36]. Finally, the study design was
conducted based on an a priori written study protocol.

As CDI reporting is not mandatory in Sweden, and CDI may
remain undiagnosed, particularly milder cases may be missed. This
misclassification occurred in at least 84 controls (0.02%) with CDI as
main or underlying cause of death among controls. Nevertheless,
the Swedish CDI reporting is probably more complete than in most
countries, as suggested by the relatively high incidence [6].
Community-acquired CDI could additionally be underrepresented
in this study, because we lacked information whether individuals
were diagnosed with CDI within 3 days after in-hospital admission,
classifying those as having hospital-acquired CDI. Unfortunately,
because of the registry nature of the data, no clinical data on CDI
severity, applied diagnostic tests or clinical practices regarding CDI
diagnosis, or clinical parameters are available. Furthermore,
misclassification could have occurred for drug exposure, because
inpatient- and over-the-counter drug use was not included in the
Drug Registry. PPIs, NSAIDs, and aspirin can be sold without pre-
scription, but in smaller packages at higher prices.

Confounding by underlying pathophysiology could have
occurred during this study because comorbidities are associated
with CDI and higher mortalitydmaking it difficult to distinguish if
CDI is a main or contributing cause, and if it actually affected sur-
vival duration. Results of the matched cohort were, however,
adjusted for comorbidities.

Because this project is part of a larger CDI project, matchingmay
not have been ideal for this sub-study. Yet, even after exclusions, we
do include more controls than generally recommended (up to ten)
even if some of the originally selected controls turned out to be
ineligible. A sensitivity analysis including only optimally (1:10)
matched cases and controls (who were alive at the time of the first
recorded CDI episode) showed similar results. It seems likely that
CDI is an important cause of mortality, especially within the first
30 days. Although CDI is a known serious infection for older pa-
tients with several comorbidities, this study found a non-negligible
impact on younger patients and both patients with and without
comorbidities. Furthermore, it seems that people are most likely to
die after the first CDI episode, and less likely after recurrence(s).
People with hospital-acquired CDI were also more likely to die than
those with community-acquired CDI, with death among the
community-acquired group being rare.

To conclude, CDI was associated with elevated all-cause and
cause-specific mortality, in both sexes, all age groups, comorbidity
groups, and among individuals with hospital-acquired CDI, with
mortality being highest during a first episode of CDI.
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