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a b s t r a c t 

Objectives: Clostridioides difficile infection (CDI) is a major public health concern, particularly in aging 

populations. The aim of this study was to evaluate global trends in CDI-related mortality to inform sus- 

tainable and cost-effective management strategies. 

Methods: We conducted an observational study using mortality data from the World Health Organization 

(WHO) database spanning 2001 to 2023. Sixty-three countries with satisfactory data quality and at least 

12 years of data between 2001 and 2023 were included. Crude and age-standardized CDI-related mor- 

tality rates per 1,0 0 0,0 0 0 individuals were calculated after stratification by age, sex, WHO region, and 

sociodemographic index (SDI). Global trends were analyzed using locally weighted regression. 

Results: The global age-standardized CDI-related mortality rate was 0.76 per 1,0 0 0,0 0 0 individuals in 

2001, peaked at 4.08 in 2010, and declined to 2.44 in 2023. The most notable downward trends were 

observed in the Americas and high-SDI countries. These improvements may reflect the impact of multi- 

disciplinary effort s in CDI prevention and management. 

Conclusions: Although CDI-related mortality has declined globally over the past decade, the disease re- 

mains a significant threat, especially in older populations. Ongoing global effort s are essential to further 

reduce CDI-related deaths. 

© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 
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Clostridioides difficile , formerly known as Clostridium difficile, is 

 spore-forming, toxin-producing, ubiquitous enteropathogen typ- 

cally isolated from hospitalized patients with diarrhea and pseu- 

omembranous colitis [ 1 ]. With its robust and pathogenic charac- 

eristics, C. difficile infection (CDI) constitutes a public healthcare 

urden, mostly in industrialized Western countries [ 2 , 3 ]. CDI, a 

epresentative hospital-acquired infection, is possibly involved in 

0-25% of all antibiotic-associated diarrhea cases [ 4 ], imposes a 
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ubstantial financial burden for management [ 5 ], is associated with 

igh rates of recurrence and mortality [ 6 , 7 ], and can cause large

ospital outbreaks [ 8 ], with a case-fatality rate of ≥10% [ 9 ]. Mul-

idisciplinary expert panels have established comprehensive clin- 

cal guidelines to improve the management of patients with CDI 

 10 , 11 ]. 

The global CDI incidence has increased over the last two 

ecades. In the United Kingdom and Finland, antimicrobial stew- 

rdship campaigns have successfully reduced the CDI incidence 

 9 , 12 ]. However, CDI remains a major healthcare issue in many 

ountries, particularly in North America and Europe [ 13–15 ]. The 

DI incidence doubled from 2001 to 2010 in the United States [ 16 ]

nd in Australia, with an annual incidence exceeding 24%: from 

.25 to 4.03 per 10,0 0 0 patient-days in 2011 and 2012, respectively 
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Figure 1. Flow of the country-selection process. 
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 17 ]. A newly emerged epidemic strain, C. difficile polymerase chain 

eaction (PCR) ribotype 027, has been strongly associated with in- 

reased morbidity and mortality in these regions [ 18 , 19 ]. In Asian

ountries, the incidence has been lower; however, a nationwide 

tudy in South Korea indicated an increasing trend, with an an- 

ual increase of 39% between 2004 and 2008 [ 20 ]. Furthermore, a 

opulation-based observational study in Hong Kong uncovered an 

ncreasing incidence: from 15.4 to 36.3 cases per 10 0,0 0 0 persons 

rom 2006 to 2014, respectively, with an annual increase of 26% 

 21 ]. In Japan, no nationwide study has been conducted on CDI 

revalence, although a recent systematic review estimated its in- 

idence and prevalence to be 0.8-4.71 per 10,0 0 0 patient-days and 

.3-5.5 per 10 0 0 patients, respectively [ 22 ]. 

The current global burden of developing sustainable and cost- 

ffective management methods for patients with CDI remains un- 

lear. Thus, we aimed to determine the recent trends in CDI-related 

ortality on a global scale. 

ethods 

ata sources 

For this observational study, we accessed the World Health 

rganization (WHO) Mortality Database (last update, February 1, 

025) [ 23 ], which contains the number of deaths of interest by 

ountry, year, sex, and age group, recorded in national vital reg- 

stration systems since 1950. The underlying cause of death is re- 

orted according to the International Statistical Classification of 

iseases and Related Health Problems (ICD) criteria (Versions 7- 

0). From this extensive database, which is annually reported by 

he public registration systems of each WHO member country, 

ortality data attributed to CDI were extracted. CDI is defined with 

CD-10 code A04.7 as enterocolitis due to C. difficile according to 

he ICD-10 criteria [ 24 ]. 

tatistical analysis and data processing 

Figure 1 depicts the flow of statistical analysis. Countries were 

ncluded if they had data available for a 5-year age interval rang- 
2

ng from 0-4 to ≥85 years for the period 2001-2023, and vital CDI 

egistration data were extracted. Vital registration data quality was 

ategorized as high, medium, or low according to the latest usabil- 

ty estimates from 2008 to 2019, which were ≥80%, 60 to < 80%, 

r < 60%, respectively [ 25 ]. The WHO uses a metric termed “us- 

bility” to evaluate the overall quality of national vital registration 

ata: “Usability is defined as the percentage of all deaths which 

re registered with meaningful cause-of-death information” [ 25 ]. 

t was calculated by multiplying completeness (the proportion of 

egistered deaths in a country or geographic area with a medically 

ertified cause of death) by the proportion of registered deaths 

hat have been coded with a meaningful cause of death. Usabil- 

ty scores were obtained from the WHO website [ 25 ]. To enhance 

he robustness of our analysis, countries with mortality data qual- 

ty rated as “high” or “medium” were deemed eligible for inclusion 

n the study. Data available for at least 12 years during the period 

f interest were included in the trend analysis. 

The crude CDI mortality rate was calculated by dividing the 

umber of CDI-related deaths by the corresponding population 

ize. Mid-year population data for each nation were obtained from 

he United Nations World Population Prospects 2024 [ 26 ]. If coun- 

ries reported no deaths due to CDI, these deaths were considered 

rue zeros, as previously described [ 27 ]. To improve comparability 

mong countries and exclude the effect of different age distribu- 

ions during the study period, the new WHO World Standard Pop- 

lation distribution was used to calculate age-standardized mortal- 

ty rates [ 28 ]. The mortality rate in this study is presented as the

umber of deaths per 1,0 0 0,0 0 0 people. 

A smoothed curve of long-term global mortality rates was 

reated using a locally weighted regression (LOESS) model [ 29 ], 

eighted using the population of each selected country on the ba- 

is of the available data [ 27 , 30 ]. LOESS-smoothed mortality rates, 

long with 95% confidence intervals (CIs), were calculated, and 

ortality rate trends were stratified using the WHO country group 

 31 ] and the sociodemographic index (SDI) for the year of 2021 

 32 ]. After excluding countries where the number of deaths was 

ecorded as zero in any of the study years and those that did 

ot have data for at least 7 years between 2010 and 2023, join- 

oint regression analysis was applied to estimate the average an- 
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Figure 2. Age distribution for crude Clostridioides difficile infection–related mortality per 1,0 0 0,0 0 0 individuals from 20 01 to 2023 by sex and WHO region classification. 

WHO, World Health Organization. 
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ual percent change (AAPC) in the age-standardized mortality rates 

sing the Joinpoint Regression Program, version 5.4.0.0, April 2025 

Statistical Research and Applications Branch, Surveillance Research 

rogram, National Cancer Institute) [ 33 ]. This model has the advan- 

age of being able to identify the year in which marked changes in 

rends occur and can estimate the magnitude of the increase or 

ecrease in each linear slope by calculating the annual percentage 

hange. 

Data processing and aggregation were performed using Mi- 

rosoft Access® 2013 (Microsoft Corporation, Redmond, WA, USA). 

 software (R version 4.5.0, R Foundation for Statistical Comput- 

ng, Vienna, Austria) was used for statistical analyses in this study. 

n all analyses, statistical significance was set at a P -value of < 0.05. 

thics approval 

Ethics approval was obtained from the Institutional Review 

oard of the Okayama University Hospital (Approval number 2007- 

11). The requirement for informed consent was waived because 

his was a retrospective analysis of publicly accessible anonymized 

ata. 

esults 

Data from 63 eligible countries were analyzed. Of these, 30 

ere from the European region, 27 from the Americas, four from 

he Western Pacific region, and two from other WHO regions. For 

he joinpoint analysis, 34 countries were included on the basis of 

ur inclusion criteria. Supplementary Table S1 shows the lists of el- 

gible countries based on the WHO regional classification and SDI. 

During the last two decades (2001-2023), the total number of 

DI-related deaths in these countries was 246,377. Male patients 

ccounted for 39.5% (male:female = 97,585:148,792) of all cases, 

lthough their proportion decreased with age (Supplementary Ta- 

le S2). Deaths among people aged ≥60 years accounted for > 95% 

233,672/246,377) of all CDI-related deaths. The crude CDI-related 
3

ortality rates for both sexes increased for those in their 50s in 

he Americas ( Figure 2 ). In European countries, crude CDI-related 

ortality rates showed an upward trend beginning in the 60-year- 

ld age group. In Western Pacific countries, the clinical burden of 

DI appeared to have a limited impact, affecting the older popula- 

ion, including those in their 70s and 80s. 

Figure 3 shows the trends in crude and age-standardized CDI- 

elated mortality rates for all 63 countries over time. Supplemen- 

ary Tables S3 and S4 show the estimated data for the LOESS 

odel. From the early 20 0 0s, the number of CDI-related deaths 

ncreased globally, with a peak crude mortality rate of 8.88 per 

,0 0 0,0 0 0 individuals (95% CI: 7.90-9.87) in 2013. This rate subse- 

uently declined, reaching 5.61 per 1,0 0 0,0 0 0 individuals (95% CI: 

.30-7.92) in 2023. The age-standardized mortality rate showed a 

imilar trend, with a peak of 4.08 per 1,0 0 0,0 0 0 individuals (95%

I: 3.63-4.52) in 2010. Supplementary Figure S1 shows the trends 

n age-standardized mortality rates by sex. The LOESS estimates of 

he male and female mortality rates peaked in 2012 (4.18; 95% CI: 

.73-4.62) and 2010 (4.02; 95% CI: 3.57-4.47) per 1,0 0 0,0 0 0 indi- 

iduals, respectively, and both showed similar declining trends un- 

il the end of the study period (Supplementary Tables S5 and S6). 

Figure 4 shows the regional differences in trend changes and 

APC of age-standardized CDI-related mortality rates. Supplemen- 

ary Table S7 presents the detailed data. The LOESS estimate of the 

DI-related mortality rate in 2001 in the European region was 0.63 

95% CI: –0.54 to 1.80) per 1,0 0 0,0 0 0 individuals, which was lower

han that in the Americas (1.09; 95% CI: –0.32 to 2.50). The CDI- 

elated mortality rate in the European region plateaued at approx- 

mately 3.0 per 1,0 0 0,0 0 0 individuals in the late 20 0 0s, retaining

his trend until 2023. In contrast, the CDI-related mortality rate in 

he Americas showed a remarkable increase in the initial 10 years, 

eaking at approximately 5.50 per 1,0 0 0,0 0 0 people in 2011. There- 

fter, the LOESS estimate decreased markedly to 3.01 per 1,0 0 0,0 0 0 

eople by the end of the study period. The Western Pacific region 

howed lower rates than these regions, with a peak of 1.36 (95% 

I: 1.15-1.57) per 1,0 0 0,0 0 0 individuals in 2013. Among European 
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Figure 3. Trends in crude and age-standardized Clostridioides difficile infection–related mortality per 1,0 0 0,0 0 0 individuals for all 63 countries from 2001 to 2023. (a) Crude 

mortality rate, (b) age-standardized mortality rate. Locally weighted regression rates (red line) with 95% confidence intervals (light red shadows) are shown. 

Figure 4. Trends in age-standardized Clostridioides difficile infection–related mortality rate by WHO regional classification. Locally weighted regression rates (red line) with 

95% confidence intervals (light red shadow) during 2001-2023 are shown for (a) Europe, (b) Americas, and (c) Western Pacific. The average annual percentage change in 

age-standardized rates during 2010-2023 for each country is shown for (d) Europe, (e) Americas, and (f) Western Pacific. ∗Significantly different from zero ( P < 0.05). 

WHO, World Health Organization. 
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Figure 5. Trends in age-standardized Clostridioides difficile infection–related mortality rate by SDI group. Locally weighted regression rates (red line) with 95% confidence 

intervals (light red shadow) during 2001-2023 are shown for groups of countries with (a) high SDI, (b) high-middle SDI, and (c) middle SDI. The average annual percentage 

change in age-standardized rates during 2010-2023 for each country with (d) high SDI, (e) high-middle SDI, and (f) middle SDI. ∗Significantly different from zero ( P < 0.05). 

SDI, sociodemographic index. 
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ountries, Slovakia (35.0%), Poland (28.4%), Greece (18.4%), Croatia 

13.7%), and Portugal (11.7%) had high AAPC values, suggesting an 

ncreasing trend in CDI-related deaths, whereas marked decreases 

n AAPC were observed in Norway (–11.5%), Denmark (–9.5%), Bel- 

ium (–9.2%), and the United Kingdom (–8.7%). Among countries in 

he Americas, the AAPC of Brazil (10.8%) was the highest, whereas 

anada (–13.8%), Costa Rica (–10.7%), the United States (–6.1%) and 

uba (–5.9%) showed downward trends in AAPC. In the Western 

acific, New Zealand indicated a notable decline in AAPC (–11.8%). 

Figure 5 shows the age-standardized CDI-related mortality rate 

ata stratified using the SDI, and Supplementary Table S8 shows 

he detailed data. The LOESS estimate of the CDI-related mortal- 

ty rate in the high-SDI group showed a sharp increase during the 

0 0 0s, peaking at 7.03 (95% CI: 6.24-7.83) per 1,0 0 0,0 0 0 individ-

als in 2009. This unfavorable condition subsequently exhibited a 

lear downward trend. The high-middle SDI group increased mod- 

rately, reaching a peak of 1.76 (95% CI: 1.44-2.08) in 2016, and 

hen decreased to 0.92 (95% CI: 0.18-1.66) in 2023. The middle SDI 

roup showed a modest but steady upward trend. The joinpoint 

egression model indicated that AAPC was highest in Slovakia and 

owest in Canada among the high-SDI countries. Among the high- 

iddle SDI countries, many countries (Greece, Croatia, Portugal, 

hile, Spain, Italy, and Hungary) showed an increased AAPC, ex- 

ept Israel (–6.5%). AAPC varied across nations in the middle SDI 

ountries. 

iscussion 

This study demonstrated global trends and differences in the 

linical burden of CDI over the last two decades. Higher numbers 

f deaths among people aged ≥60 years suggest a greater disease 

urden in aging societies. The data indicate that CDI needs to be 

onsidered a fatal geriatric disease, requiring the exploration of 

ultifaceted solutions. 
5

The data demonstrated high CDI-related mortality among older 

opulations, particularly those in the Americas and European re- 

ions [ 34 ]. According to a multicenter study in Canada, the risk of 

DI increased by 2% with each additional year of age, suggesting 

hat aging is a consistent risk factor for CDI [ 35 ]. In Hong Kong,

he number of CDI cases in the older population increased three- 

old between 2006 and 2014 [ 21 ]. A previous review reported that 

igher mortality was associated with aging, with 9.4% and 13.5% 

ortality rates among those aged 71-80 and > 80 years, respec- 

ively [ 36 ]. Developed countries have already become, or are about 

o become, aging societies [ 37 ]; thus, this age distribution of the 

isease is likely to have a marked public health impact worldwide. 

The increasing incidence of community-associated CDI, which 

an affect anyone without any underlying disease, is of great con- 

ern [ 38 , 39 ]. After the acute phase, a CDI episode subsequently 

ontinues as a debilitating and devastating condition, adversely 

ffecting patients’ physical, psychological, social, and professional 

uality of life [ 40 ]. Approximately one-third of CDI cases in North 

merica [ 41 ], Europe [ 42 ], and Australia [ 17 ] were developed as

ommunity-onset cases more than a decade ago. The circulation of 

. difficile strains within a “One Health” framework might explain 

isease progression [ 43 ]. Multidisciplinary efforts have demon- 

trated its broadened ecological prevalence beyond health care sys- 

ems, including the presence of this organism in food, wastewa- 

er, soil, compost, manure, livestock, and air [ 44 , 45 ]. This results

n spore contamination of foods consumed daily [ 46 ] and subse- 

uently contributes to a persistent community source of C. diffi- 

ile . Certain genetic lineages, including C. difficile sequence type 11 

nd PCR ribotypes 078 and 014, are known to transfer between hu- 

ans, animals, and the environment [ 47 ]. CDI is increasingly found 

n older people living in nursing homes [ 48 ] and those living in the

ommunity [ 49 ]. This observation indicates the increasing burden 

f and need for management of CDI outside hospitals in an aging 

lobal population. As the first step, further promotion of proper 
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ntimicrobial prescription is indispensable to reduce the risk of CDI 

n the community [ 50 ]. 

This study had limitations that warrant consideration. Firstly, 

nderreporting of the disease is a concern. The data were derived 

rom the WHO Mortality Database, which comprises data obtained 

rom death certificates of each country. Previous studies have sug- 

ested that the final diagnosis of CDI indicated on death cer- 

ificates is underestimated [ 51 , 52 ]. Secondly, detection bias could 

ave affected the results. The accuracy of diagnostic testing meth- 

ds has improved over the last two decades, but misdiagnosis was 

ossible, especially during the first part of the study period. How- 

ver, this could not be reviewed or adjusted for because of the ab- 

ence of clinical data. Thirdly, the underdiagnosis of the disease is 

 factor to be considered, even in recent years [ 53 ]. According to

 multicenter point-prevalence study, one-fourth of true CDI cases 

ere undiagnosed in European countries in the early 2010s [ 54 ]. 

nderdiagnosis is common, particularly in outpatient settings, ow- 

ng to the absence of clinical suspicion. Another point-prevalence 

tudy in 2018 reported that over three times as many undetected 

DI cases occurred in the community compared with nosocomial 

ettings [ 55 ]. The clinical impact of community-onset CDI has in- 

reased; however, our data lacked information on disease onset. A 

ultimodal training program might be effective in facilitating ap- 

ropriate diagnosis and decreasing the underdiagnosis of CDI [ 56 ]. 

ourth, we observed that certain countries experienced temporary 

ncreases and decreases in their mortality rates over the past two 

ecades. Such fluctuations may result from short-term outbreaks 

r shifts in diagnostic or therapeutic practices within specific coun- 

ries, although our inquiry did not identify any specific events or 

oncrete causes underlying these spikes. Finally, data accessibility 

aried across WHO regions, with countries in the Americas and 

urope accounting for most of the available data. Because of the 

oor quality of the data, only a few countries from the Western Pa- 

ific and other regions were included, which could have resulted in 

n underestimation of mortality in these regions. Nevertheless, we 

ecognize that data quality varies both across countries and within 

ountries over time. 

In conclusion, continuous monitoring of the prevalence and 

ortality of CDI should be conducted using a global epidemiologi- 

al approach. Improvements in health care policy for CDI manage- 

ent strategies should be highlighted and implemented. 
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