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Abstract 

Purpose Clostridioides difficile infection (CDI) is the leading cause of antibiotic‑related diarrhea and healthcare‑associ‑
ated infections, affecting in particular elderly patients and their global health. This review updates the understanding 
of this infection, with focus on cognitive impairment and frailty as both risk factors and consequence of CDI, summa‑
rizing recent knowledge and potential mechanisms to this interplay.

Methods A literature search was conducted including terms that would incorporate cognitive and functional impair‑
ment, aging, quality of life, morbidity and mortality with CDI, microbiome and the gut–brain axis.

Results Advanced age remains a critical risk for severe disease, recurrence, and mortality in CDI. Observational 
and quality of life studies show evidence of functional loss in older people after acute CDI. In turn, frailty and cogni‑
tive impairment are independent predictors of death following CDI. CDI has long‑term impact in the elderly, leading 
to increased risk of readmissions and mortality even months after the acute event. Immune senescence and the aging 
microbiota are key in susceptibility to CDI, with factors including inflammation and exposure to luminal microbial 
products playing a role in the gut–brain axis.

Conclusions Frailty and poor health status are risk factors for CDI in the elderly. CDI affects quality of life, cogni‑
tion and functionality, contributing to a decline in patient health over time and leading to early and late mortality. 
Narrative synthesis of the evidence suggests a framework for viewing the cycle of functional and cognitive decline 
in the elderly with CDI, impacting the gut–brain and gut–muscle axes.
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Case vignette
A 72-year-old woman is admitted to the hospital because 
of community-acquired pneumonia with respiratory fail-
ure, starting antibiotics and oxygen therapy. Her medical 
history includes hypertension, a benign thyroid nodule 
and mild cognitive impairment. Eight days after admis-
sion she is afebrile and the respiratory symptoms have 
improved, but she develops diarrhea and altered mental 
status. She is diagnosed with Clostridioides difficile infec-
tion and placed on oral Vancomycin. Should we be con-
cerned about long-term impact of the infection on her 
functional and cognitive status?
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Background
Diarrhea is now a leading cause of mortality from 
infectious diseases in the US. While the overall mor-
tality due to infections decreased from 42.95 to 34.10 
deaths per 100,000 persons from 1980 to 2014, deaths 
from diarrheal diseases jumped from 0.41 to 2.41 per 
100,000 persons [1]. This observation is likely driven by 
Clostridioides difficile infection (CDI) as it continues to 
be the most commonly known cause of antibiotic-asso-
ciated diarrhea and healthcare-associated infections. 
The estimated number of incident CDI in the U.S. was 
462,100, first recurrences was 69,800 and number of 
in-hospital deaths was 20,500 in 2017 [2]. Recent data 
from Europe report HA–CDI incidences ranging from 
1.99 to 6.18 per 10,000 patient days, and CA–CDI inci-
dences ranging from 0.56 to 1.4 per 10,000 patient days; 
the overall recurrence rate is 17% globally [3]. Although 
CDI also occurs in younger, lower-risk populations, 
advanced age remains the critical risk factor for severe 
disease, recurrence, and mortality. Persons > 65  years 
account for 72% of all CDI recurrence and 83% of all 
CDI deaths [4].

Although diarrhea is the most common symptom of 
CDI, older adults may present with additional atypical 
clinical features, such as acute confusion, altered men-
tal status or other nonspecific symptoms of infection, 
including weakness and loss of physical functional capac-
ity [5]. Altered mental status was the presenting symp-
tom in one sixth of patients in a study, including cases 
from the community, hospitals and long-term care facili-
ties (LTCF) [6]. Delirium was twice as frequent in hos-
pitalized elderly with CDI as in controls in a two-center 
study [7].

Elderly patients with CDI are known to have higher 
rate of recurrence, more severe disease, poor response to 
treatment, and worse outcome [8–12]. With an increas-
ing incidence, CDI has become an important condition 
not only in hospitals but also in LTCFs and in the com-
munity setting [9, 13–16]. C. difficile (CD) is acquired via 
fecal–oral transmission, and the intestinal microbiota 
plays an important role in defense against this infection. 
The gut microbiota composition changes with aging, 
leading to a reduction in the protective microbial diver-
sity and a decrease in resistance to CD colonization [17, 
18]. Dysbiosis, changes in gut physiology and function 
associated with aging, and the decline in the immune 
system contribute to put elderly people at risk for CDI 
[18, 19]. Unfortunately, aging as a risk factor is difficult to 
delineate from other features associated with the elderly, 
including frequent interactions with healthcare, hospi-
talizations, antibiotic exposure, comorbidities, polyphar-
macy, changes in microbiome and age-related changes in 
physiology and the immune response [9–11, 17, 19].

The authors conducted a narrative review of CDI in 
the elderly, with focus on its interaction with functional 
ability and cognition and its impact on overall health and 
mortality, resulting in a qualitative summary. The present 
study also presents what is known about potential mech-
anisms for this interplay.

Methodology
A literature search in PubMed was conducted using the 
following search terms: (“clostridium difficile infection” 
OR “clostridioides difficile infection”) AND (aging OR 
elderly OR delirium OR “mental capacity” OR “mental 
competency” OR dementia OR cognition OR “cognition 
disorders” OR “cognitive impairment” OR “functional 
impairment” OR “functional status” OR “quality of life” 
OR “activities of daily living” OR frailty OR “frail elderly” 
OR delirium OR inflammation OR “inflamm aging” OR 
inflamm-aging OR immunosenescence OR neuroinflam-
mation OR “brain–gut axis” OR “gut–muscle axis” OR 
“gastrointestinal microbiome” OR microbiota OR micro-
biome OR muscle OR skeletal). All articles published 
until June 2022 were considered.

Main text
Cognitive impairment and frailty as risk factors for CDI
A significant proportion of either frail or cognitively 
impaired elderly require medical or personal care in 
LTCF. About 1.3 million people in the US and 3.4 million 
people in European countries live in nursing homes (NH). 
Colonization with CD in this setting has been estimated 
to range from 5% to 51%, exceeding the rates in hospital-
ized patients [10, 14]. Transmission of CD occurs easily 
in healthcare facilities, since its spores contaminate and 
survive for long periods in the environment; thus, acqui-
sition of the pathogen increases as does the length of stay 
[9]. Previous hospital admission poses a risk for CDI in 
both community-based and LTCF patients [9, 14, 20, 21]. 
One study that performed active sampling in hospitalized 
patients with CDI found highly mobile, more functional 
patients more likely to shed spores far from the bed, thus 
influencing environmental contamination [22]. Infection 
control measures are critical to avoid spreading of CD, 
but challenging to implement in LTCFs due to limitation 
of private spaces and trained staff compared to hospitals 
[9, 14]. Factors such as dementia or poor functional sta-
tus of residents in LTCFs also affect the ability to imple-
ment measures to prevent transmission [14].

A retrospective study of CDI in LTCF residents found 
a significantly worse baseline status regarding activities 
of daily living in CDI cases compared to controls; it also 
showed higher overall comorbidity burden and drug uti-
lization at baseline in CDI vs. non-CDI residents [20]. 
Another retrospective case–control study of CDI in NH 
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residents utilizing the Monitored Dosage System from 
200 pharmacies also found residents with CDI to have 
more functional impairment, with CDI acquired more 
frequently before entering the NH, mainly in a previous 
hospital admission [21]. CDI patients showed, however, a 
better cognitive baseline status in both studies. Impaired 
functional status has also been shown to be a risk fac-
tor for severe CDI among hospitalized older adults [23]. 
A two-center case–control study in the US and Europe 
among patients > 60 years found higher baseline func-
tional debility and admission from NH or LTCF in 
patients with CDI compared to controls [7]. A retrospec-
tive study in Italy showed multimorbidity measured using 
Cumulative illness rating scale as a risk factor for CDI in 
hospitalized patients > 65 years [24].

Other studies suggest that functional debility, inde-
pendent of age, is the critical risk factor for CDI. A pro-
spective cohort study during an outbreak of CDI found 
debility with low Barthel scores and cognitive impair-
ment with low Abbreviated Mental Test scores at the 
onset of symptoms highly associated with prolonged 
symptoms and more severe disease; there was not signifi-
cant association between disease severity and age in this 
study [25]. Another study indicated that frailty and poor 
health status might be more important than age itself, as 
shown in a multivariable logistic regression using Medi-
care claims data that included comorbidities, health care 
utilization, and acute infections in the analysis [26].

Impact of CDI on quality of life, cognition and functionality
Besides an increased risk for CDI, elderly patients have 
worse outcomes [9–12]. Consequences of CDI are the 
prolongation of hospital stay, a higher likelihood to be 
discharged to a NH, and a higher rate of readmissions 
in the subsequent months indicating overall health post-
infection [27–29]. Thus, few studies have evaluated the 
impact of CDI on quality-of-life.

A multinational survey found patients with current or 
previous CDI scoring significantly worse in both men-
tal and physical aspects compared to persons who had 
never experienced CDI, in all age groups, including > 65 
years [30]. A French study described a drop in the state of 
health of patients with CDI in the short term, especially 
in women, patients with severe CDI and those older than 
65 years, irrespective of their previous Charlson Comor-
bidity Index. These patients also experienced a quality-
adjusted life year loss [31]. A disease-specific scale called 
“Cdiff32” demonstrated decreases in quality-of-life scores 
in physical, mental and social domains in patients with 
recurrent CDI [32]. A Canadian survey saw a reduction 
of self-assessed quality of life from prior to post CDI, 
with several respondents reporting to be unable to care 
for themselves, unable to work and/or needing some 

assistance with normal activities. Interestingly, the qual-
ity of life was lower when reported by a caregiver. A last-
ing impact after the resolution of CDI was also observed 
in a subgroup of patients in this study [33]. Extraintesti-
nal chronic conditions such as arthritis and depression 
were reported to have worsened as a result of CDI in an 
observational cross-sectional study with an online survey 
[34].

Discharge to a NH or LTCF is a marker of functional 
loss following the infectious episode. Hospitalized 
patients developing CDI are more likely to be dis-
charged to a LTCF [27, 29]. A nationwide retrospective 
study found significant association of discharge to NH 
with age > 65 years, comorbidities, severe CDI, and cer-
tain ribotypes [35]. A two-center study found elderly 
patients with CDI more likely to be discharged to NH or 
LTCF, experience functional decline or die during admis-
sion than matched controls [7]. A prospective study in 
a tertiary-care hospital analyzed the outcomes of CDI 
patients admitted from other facilities and discharged to 
LTCFs vs. controls discharged to home, showing longer 
hospital stay, a higher rate of readmission and 1-year 
mortality in cases [36].

Morbidity and early and late mortality post‑CDI
Mortality related to CDI is higher in the elderly and 
comorbid patient [13]. A systematic review that 
included 68 studies found older age as one of the most 
frequent risk factors for CDI recurrence, complicated 
disease, and mortality [8]. In addition to older age, 
many studies have also shown association of debil-
ity and poor baseline functional status with severity 
and mortality in CDI [21, 23, 25, 36, 37]. Admission 
from another acute hospital or a LTCF has also been 
described as an independent risk factor for CDI-related 
mortality in older adults [38]. Although with multi-
factorial etiology, delirium was associated with death 
within 30 days of diagnosis of CDI [7, 39]. In recur-
rent CDI, a case–control study in veterans identified 
cognitive dysfunction (OR 2.41), nutrition deficiency 
(OR 2.91) and to a lesser extent age (OR 1.04) as inde-
pendent predictors of mortality, while the aggregate 
comorbidity burden was not [40]. More than half of the 
patients exhibited mental changes in a cohort of CDI 
cases requiring colectomy, being associated with higher 
mortality in these cases [41]. Frailty, measured using 
the validated Modified frailty index, also predicted 
mortality and prolonged hospital stay following colec-
tomy for CDI [42]. A logistic regression model to pre-
dict mortality in geriatric patients suffering from CDI 
found pressure ulcers and malnutrition as main fac-
tors [43]. The Charlson comorbidity index in the group 
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of deceased patients was higher than in the group of 
survivors, and there was no difference in mortality 
between the 65–84-year-old group and the > 85-year-
old group in that study.

A case–control study including > 170.000 CDI cases in 
persons > 65 years analyzed the potential effect of CDI in 
morbidity, in addition to mortality [44]. Besides a higher 
all-cause 1-year mortality, CDI was associated with 
increased risk of 30-day, 90-day and 1-year hospitaliza-
tion. Interestingly, when stratifying by risk factors for 
CDI and frailty indicators such as dementia or decubitus 
ulcers, the risk of mortality, transfer to a LTCF or skilled-
nurse facility and subsequent hospitalization in this study 
was highest in persons with lowest probability of CDI. 
Indirect evidence of health impairment can be found in 
a study in NH residents that showed higher mortality, 
health care utilization and costs in the months after CDI 
compared to non-CDI controls [45].

Timing of mortality associated with CDI appears to 
be relevant in the elderly as well. A more advanced age, 
worse cognitive performance, and greater comorbidity 
burden per CCI were significantly associated with shorter 
time to mortality in LTCF residents with CDI [20]. A 
multicenter study in European hospitals found older 
age, cachexia, malignancy, Charlson Index and cognitive 
impairment as independent death predictors; older age, 
malignancy and cognitive impairment were also strongly 
correlated with shortening the time from CDI diagnosis 
to death [46].

Observational studies indicate that not only CDI is 
associated with early mortality (within 30 days of diag-
nosis) but surprisingly, also mortality at later timepoints, 
especially in the elderly. In our case-control study of CDI 
patients aged > 60 years conducted at 2 medical centers, 
including a local Veterans Hospital, we found that CDI 
diagnosis correlated with increased mortality even at 
90 and 180 days (p = 0.004 and 0.011, respectively) post-
diagnosis. Among those with CDI, a diagnosis of demen-
tia was significantly associated with death at these later 
timepoints, and delirium was associated with functional 
decline or death [7]. Another study that included CDI 
patients > 80 years found long-term mortality associated 
with non-independent ADL baseline status [37]. These 
findings suggest that both early (occurring during hos-
pitalization or 30-day post-diagnosis) and late (occur-
ring > 30-day post-CDI) mortality are increased in the 
elderly indicating that CDI may contribute to a decline in 
patient function and health over time, ultimately leading 
to death. Interestingly, presence of some form of cogni-
tive involvement or impairment appears to be particu-
larly associated with mortality. Efforts to prevent CDI, 
therefore, should consider its short and long-term impact 
in elderly people with different burdens of diseases.

Potential mechanisms underlying the vicious cycle of CDI 
in the elderly
The aging host is complex from both biological 
and non-biological standpoints. While the senes-
cent immune system and changes in the microbiota 
increase susceptibility to infection and severe disease, 
comorbidities associated with aging increase risk of 
pharmacologic or surgical interventions that further 
dysbiosis and admission to healthcare facilities that 
increase exposure to CD spores. However, it appears 
that the onset of functional decline and cognitive 
impairment that can come with older age can increase 
susceptibility to CDI, while the infection, likewise, 
facilitates these debilities. Thus, a vicious cycle ensues 
that may eventually lead to death (Fig. 1).

Disruption of the intestinal microbiota is central to the 
pathogenesis of CDI. There has been increasing recogni-
tion of the importance of gut bacterial communities in 
maintaining overall health and the role of dysbiosis in the 
development of various diseases. With ageing, microbial 
diversity decreases which may lead to decline in intestinal 
epithelial barrier function. One of the underlying mecha-
nisms of “inflamm-ageing” or “inflammaging” is the 
chronic, low grade systemic inflammation in response to 
exposure to luminal microbial products as a consequence 
of loss of epithelial integrity. Furthermore, this inflam-
matory process can be accelerated by CDI, even in mild 
disease. In a study of 36 patients, CDI results in a cascade 
of systemic cytokine production, including upregulation 
of IL-1B, IL-8, IL-16, and IL-17A, which are considered 
main cytokines mediating CD-associated disease [47].

Fig. 1 Onset of functional decline and cognitive impairment 
that can come with older age can increase susceptibility to CDI, 
while the infection, likewise, facilitates these debilities. Thus, a vicious 
cycle ensues that may eventually lead to death
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Microbial infections lead to neurological damage by 
direct infection or by uncontrolled immune response 
[48]. Recent findings suggest the human microbiome 
can significantly affect brain function development and 
neuroinflammation. Neuroinflammatory responses are 
often a result of complex interaction between several 
chemokines, including chemokines (such as CCL2, CCL5 
and CXCL1), cytokines (such as IL-6, and TNFα), and 
other inflammatory molecules, such as reactive oxygen 
species and prostaglandins [49]. It appears that the key 
cellular source of these factors are activated microglia, 
which are critical in maintaining synaptic connections 
and facilitating immunologic responses in the CNS [50]. 
Interestingly, neurological and neurodegenerative dis-
eases can be influenced by peripheral factors, such as the 
gut microbiota. The microbial flora of the gastrointesti-
nal tract can influence brain function by releasing neu-
rotransmitters, hormones, and neuropeptides [51, 52]. 
Thus, further alterations in the microbiome caused by 
CDI might provoke inflammation-mediated blood–brain 
barrier breakdown facilitating development of neurode-
generative diseases [49].

More recently, interest in the gut–muscle axis has 
emerged. Several human studies have shown the asso-
ciation of microbiota composition with frailty [53]. 
Reduced microbiota diversity and decreased butyrate-
producing bacteria were noted in elderly patients with 
diminished muscle mass [54]. Older adults with frailty 
had been shown to have predominance of fecal  Akker-
mansia,  Parabacteroides, and Klebsiella  and depressed 
levels of Faecalibacterium, Prevotella,  and other com-
mensals, such as Roseburia,  Megamonas, and  Blautia 
[55]. Few studies have investigated the direct relationship 
of microbiota with muscle mass in animal models [56]. 
Compared to rats with normal muscle mass, rats with 
age-related sarcopenia have distinct microbiota compo-
sition and functionality, with alterations in protein, lipid 
and vitamin biosynthesis. Moreover, inflammatory bio-
markers, such as IL-6 and white blood cells, were noted 
to be elevated in the presence of altered microbiome 
[54, 57]. Feeding of human commensal bacteria has been 
shown to inhibit muscle wasting and transfer of micro-
biota of high functioning older adults increased muscle 
strength in mice [58]. Similar to what likely occurs in the 
gut–brain axis, the persistent dysbiosis and inflammatory 
response induced by CDI may accelerate the catabolic 
process in the musculoskeletal system in the elderly.

Research gaps
The risk factors for increased susceptibility to infection, 
severe disease and poor outcome, including impact on 
functional and cognitive abilities are numerous and 
intricately intertwined. It is important to consider these 

risks to ensure early diagnosis, avoid transmission, and 
appropriate treatment to minimize the burden of the 
disease in the elderly. We hypothesize that CDI in the 
elderly worsens dysbiosis-induced inflammation that 
facilitate both mental and musculoskeletal impairment 
(Fig. 2).

Although available clinical and research data suggest 
association of CDI with frailty, cognition and overall 
health in the elderly patient, significant gaps in knowl-
edge exist. Functional and cognitive impairment need 
to be measured using validated tools to assess risk as 
well as determine the impact of CDI on the patient. It 
is known that survivors of severe sepsis are at high risk 
for cognitive impairment that lasts years after hospital 
discharge, and cognitive and functional impairment are 
seen in adults over age 50 who survive hospitalization 
for pneumonia [59–62]. In this regard, it is important 
that future research examine factors contributed by 
CDI alone vs. overall infectious status. Furthermore, 
patients with CDI need to be reassessed over time to 
detect early the impact of the disease on their general 
condition and test the benefit of microbiota-targeted 
intervention to quality of life, functional status, cogni-
tion and late mortality. Finally, given the complexity of 
the disease in the elderly, more mechanistic studies in 
aged animal models are needed to examine directly the 
interaction of the intestinal microbiota, inflammatory 
response, and brain and muscle functioning in the con-
text of CDI.

Fig. 2 Gut–brain and gut–muscle axes in elderly likely influenced 
by C. difficile infection. CDI is facilitated by and sustains dysbiosis, 
induces intestinal inflammation and disrupts the epithelial barrier. 
Microbial products and inflammatory mediators gain access 
to the systemic circulation affecting extra‑intestinal sites, such 
as the brain and musculoskeletal system. (Figure created using 
BioRender.com)
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Data gathering limitations
Despite careful literature search, this narrative review 
might not have included some studies, due to availability 
or accessibility, especially those not published in English. 
In addition, the data interpretation may be influenced by 
the authors’ subjectivity, bias, experience or expectations. 
Inherent to the nature of the narrative review, evidence-
based responses to specific questions relating to potential 
cause and effect association of CDI with cognition and 
frailty are lacking and warrant further investigation.

Conclusions
Advanced age remains a critical risk factor for severe CDI, 
recurrence, and mortality, although evidence suggests that 
frailty and poor health status pose risk approaching that of 
elderly age. CDI affects quality of life, cognition and func-
tionality, contributing to a decline in patient health over 
time and leading to early and late mortality. The vicious 
cycle of CDI in the elderly facilitates dysbiosis and inflam-
matory response, impacting the gut–brain and the muscle–
brain axes. Further research is needed to understand this 
interplay and improve patient outcomes.

Author contributions
All authors contributed to the study conception and design, material prepara‑
tion, data collection and analysis. The first draft of the manuscript was written 
by MJFC, SENA and CAW and all authors commented on previous versions 
of the manuscript. All authors read and approved the final manuscript, are 
accountable for all aspects of the review and meet the criteria for authorship 
as per the ICMJE guidelines.

Funding
CAW is partially supported by NIH AI145322.

Availability of data and materials
Data sharing is not applicable to this article as no data sets were generated or 
analysed during the current study.

Declarations

Ethics approval and consent to participate
Ethics approval was not required for this study.

Consent for publication
Not applicable.

Competing interests
CAW was a medical advisor for Seres Therapeutics and is a site‑PI for Rebyota 
Prospective Registry (ROAR) study. SENA is a subinvestigator for ACTIV/STRIVE 
(Strategies and Treatments for Respiratory Infections and Viral Emergencies) 
funded by NIH. The contents do not represent the views of the United States 
Government. MJFC and JYJA have no relevant financial or non‑financial 
interests to disclose.

Received: 18 February 2023   Accepted: 5 October 2023

References
 1. el Bcheraoui C, Mokdad AH, Dwyer‑Lindgren L, et al. Trends and pat‑

terns of differences in infectious disease mortality among US Counties, 
1980–2014. JAMA J Am Med Assoc. 2018;319(12):1248–60. https:// doi. 
org/ 10. 1001/ jama. 2018. 2089.

 2. Guh AY, Mu Y, Winston LG, et al. Trends in U.S. burden of Clostridioides diffi-
cile infection and outcomes. N Eng J Med. 2020;382(14):1320–30. https:// 
doi. org/ 10. 1056/ nejmo a1910 215.

 3. Finn E, Andersson FL, Madin‑Warburton M. Burden of Clostridioides difficile 
infection (CDI)—a systematic review of the epidemiology of primary and 
recurrent CDI. BMC Infect Dis. 2021;21(1):456. https:// doi. org/ 10. 1186/ 
s12879‑ 021‑ 06147‑y.

 4. Lessa FC, Mu Y, Bamberg WM, et al. Burden of Clostridium difficile infection 
in the United States. N Engl J Med. 2015;372(9):825–34. https:// doi. org/ 10. 
1056/ nejmo a1408 913.

 5. Crogan NL, Evans BC. Clostridium difficile: an emerging epidemic in nurs‑
ing homes. Geriatr Nurs. 2007;28(3):161–4. https:// doi. org/ 10. 1016/j. gerin 
urse. 2007. 04. 005.

 6. Garg S, Mirza YR, Girotra M, et al. Epidemiology of Clostridium difficile‑
associated disease (CDAD): a shift from hospital‑acquired infection to 
long‑term care facility‑based infection. Dig Dis Sci. 2013;58(12):3407–12. 
https:// doi. org/ 10. 1007/ s10620‑ 013‑ 2848‑x.

 7. Fernandez‑Cotarelo MJ, Nagy‑Agren SE, Smolkin ME, et al. Functional and 
cognitive status in Clostridium difficile infection in the hospitalized elderly: 
a retrospective study of Two Sites. J Gen Intern Med. 2019;34(8):1392–3. 
https:// doi. org/ 10. 1007/ s11606‑ 019‑ 04935‑6.

 8. Abou Chakra CN, Pepin J, Sirard S, Valiquette L. Risk factors for recurrence, 
complications and mortality in Clostridium difficile infection: a systematic 
review. PLoS ONE. 2014; 9(6): e98400. https:// doi. org/ 10. 1371/ journ al. 
pone. 00984 00. PLoS ONE. 2014;9(8). https:// doi. org/ 10. 1371/ journ al. 
pone. 01074 20.

 9. Simor AE. Diagnosis, management, and prevention of Clostridium 
difficile infection in long‑term care facilities: a review. J Am Geriatr Soc. 
2010;58(8):1556–64. https:// doi. org/ 10. 1111/j. 1532‑ 5415. 2010. 02958.x.

 10. Kee VR. Clostridium difficile infection in older adults: a review and update 
on its management. Am J Geriatr Pharmacothera. 2011;10(1):14–24. 
https:// doi. org/ 10. 1016/j. amjop harm. 2011. 12. 004.

 11. Jump RLP. Clostridium difficile infection in older adults. Aging Health. 
2013;9(4):403–14. https:// doi. org/ 10. 2217/ ahe. 13. 37.

 12. Louie TJ, Miller MA, Crook DW, et al. Effect of age on treatment outcomes 
in Clostridium difficile infection. J Am Geriatr Soc. 2013;61(2):222–30. 
https:// doi. org/ 10. 1111/ jgs. 12090.

 13. Evans CT, Safdar N. Current trends in the epidemiology and outcomes of 
Clostridium difficile infection. Clin Infect Dis. 2015;60:S66–71. https:// doi. 
org/ 10. 1093/ cid/ civ140.

 14. Jump RLP, Donskey CJ. Clostridium difficile in the long‑term care facility: 
prevention and management topical collection on infectious diseases 
in the elderly. Curr Geriatr Rep. 2015;4(1):60–9. https:// doi. org/ 10. 1007/ 
s13670‑ 014‑ 0108‑3.

 15. Reveles KR, Lee GC, Boyd NK, Frei CR. The rise in Clostridium difficile 
infection incidence among hospitalized adults in the United States: 
2001–2010. Am J Infect Control. 2014;42(10):1028–32. https:// doi. org/ 10. 
1016/j. ajic. 2014. 06. 011.

 16. Shorr AF, Zilberberg MD, Wang L, Baser O, Yu H. Mortality and costs in 
Clostridium difficile infection among the elderly in the United States. 
Infect Control Hosp Epidemiol. 2016;37(11):1331–6. https:// doi. org/ 10. 
1017/ ice. 2016. 188.

 17. Biagi E, Nylund L, Candela M, et al. Through ageing, and beyond: gut 
microbiota and inflammatory status in seniors and centenarians. PLoS 
ONE. 2010;5(5):e10667. https:// doi. org/ 10. 1371/ journ al. pone. 00106 67.

 18. Rea MC, O’Sullivan O, Shanahan F, et al. Clostridium difficile carriage in 
elderly subjects and associated changes in the intestinal microbiota. J 
Clin Microbiol. 2012;50(3):867–75. https:// doi. org/ 10. 1128/ JCM. 05176‑ 11.

 19. Shin JH, High KP, Warren CA. Older is not wiser, immunologically speak‑
ing: effect of aging on host response to Clostridium difficile infections. J 
Gerontol Ser A Biol Sci Med Sci. 2016;71(7):916–22. https:// doi. org/ 10. 
1093/ gerona/ glv229.

 20. Friedman HS, Navaratnam P, Reardon G, High KP, Strauss ME. A retrospec‑
tive analysis of clinical characteristics, hospitalization, and functional 
outcomes in residents with and without Clostridium difficile infection 

https://doi.org/10.1001/jama.2018.2089
https://doi.org/10.1001/jama.2018.2089
https://doi.org/10.1056/nejmoa1910215
https://doi.org/10.1056/nejmoa1910215
https://doi.org/10.1186/s12879-021-06147-y
https://doi.org/10.1186/s12879-021-06147-y
https://doi.org/10.1056/nejmoa1408913
https://doi.org/10.1056/nejmoa1408913
https://doi.org/10.1016/j.gerinurse.2007.04.005
https://doi.org/10.1016/j.gerinurse.2007.04.005
https://doi.org/10.1007/s10620-013-2848-x
https://doi.org/10.1007/s11606-019-04935-6
https://doi.org/10.1371/journal.pone.0098400
https://doi.org/10.1371/journal.pone.0098400
https://doi.org/10.1371/journal.pone.0107420
https://doi.org/10.1371/journal.pone.0107420
https://doi.org/10.1111/j.1532-5415.2010.02958.x
https://doi.org/10.1016/j.amjopharm.2011.12.004
https://doi.org/10.2217/ahe.13.37
https://doi.org/10.1111/jgs.12090
https://doi.org/10.1093/cid/civ140
https://doi.org/10.1093/cid/civ140
https://doi.org/10.1007/s13670-014-0108-3
https://doi.org/10.1007/s13670-014-0108-3
https://doi.org/10.1016/j.ajic.2014.06.011
https://doi.org/10.1016/j.ajic.2014.06.011
https://doi.org/10.1017/ice.2016.188
https://doi.org/10.1017/ice.2016.188
https://doi.org/10.1371/journal.pone.0010667
https://doi.org/10.1128/JCM.05176-11
https://doi.org/10.1093/gerona/glv229
https://doi.org/10.1093/gerona/glv229


Page 7 of 8Fernandez‑Cotarelo et al. European Journal of Medical Research          (2023) 28:439  

in US long‑term care facilities. Curr Med Res Opin. 2014;30(6):1121–30. 
https:// doi. org/ 10. 1185/ 03007 995. 2014. 895311.

 21. Zarowitz BJ, Allen C, O’Shea T, Strauss ME. Risk factors, clinical characteris‑
tics, and treatment differences between residents with and without nurs‑
ing home‑ and non‑nursing home‑acquired Clostridium difficile infection. 
J Manag Care Spec Pharm. 2015;21(7):585–95. https:// doi. org/ 10. 18553/ 
jmcp. 2015. 21.7. 585.

 22. Blakney R, Gudnadottir U, Warrack S, et al. The relationship between 
patient functional status and environmental contamination by Clostrid-
ium difficile: a pilot study. Infection. 2015;43(4):483–7. https:// doi. org/ 10. 
1007/ s15010‑ 015‑ 0770‑1.

 23. Rao K, Micic D, Chenoweth E, et al. Poor functional status as a risk factor 
for severe Clostridium difficile infection in hospitalized older adults. J Am 
Geriatr Soc. 2013;61(10):1738–42. https:// doi. org/ 10. 1111/ jgs. 12442.

 24. Ticinesi A, Nouvenne A, Folesani G, et al. Multimorbidity in elderly 
hospitalised patients and risk of Clostridium difficile infection: a retrospec‑
tive study with the Cumulative Illness Rating Scale (CIRS). BMJ Open. 
2015;5(10):e009316. https:// doi. org/ 10. 1136/ bmjop en‑ 2015‑ 009316.

 25. Kyne L, Merry C, O’Connell B, Kelly A, Keane C, O’Neill D. Factors associ‑
ated with prolonged symptoms and severe disease due to Clostridium 
difficile. Age Ageing. 1999;28(2):107–13. https:// doi. org/ 10. 1093/ ageing/ 
28.2. 107.

 26. Olsen MA, Stwalley D, Demont C, Dubberke ER. Increasing age has 
limited impact on risk of Clostridium difficile infection in an elderly popu‑
lation. Open Forum Infect Dis. 2018;5(7). https:// doi. org/ 10. 1093/ ofid/ 
ofy160.

 27. McFarland LV, Mulligan ME, Kwok RY, Stamm WE. Nosocomial acquisition 
of Clostridium difficile infection. N Engl J Med. 1989;320(4):204–10. https:// 
doi. org/ 10. 1056/ NEJM1 98901 26320 0402.

 28. Wiegand PN, Nathwani D, Wilcox MH, Stephens J, Shelbaya A, Haider S. 
Clinical and economic burden of Clostridium difficile infection in Europe: a 
systematic review of healthcare‑facility‑acquired infection. J Hosp Infect. 
2012;81(1):1–14. https:// doi. org/ 10. 1016/j. jhin. 2012. 02. 004.

 29. Dubberke ER, Butler AM, Reske KA, et al. Attributable outcomes of 
endemic Clostridium difficile‑associated disease in nonsurgical patients. 
Emerg Infect Dis. 2008;14(7):1031–8. https:// doi. org/ 10. 3201/ eid14 07. 
070867.

 30. Heinrich K, Harnett J, Vietri J, Chambers R, Yu H, Zilberberg M. Impaired 
quality of life, work, and activities among adults with Clostridium difficile 
infection: a multinational survey. Dig Dis Sci. 2018;63(11):2864–73. 
https:// doi. org/ 10. 1007/ s10620‑ 018‑ 5222‑1.

 31. Barbut F, Galperine T, Vanhems P, et al. Quality of life and utility decre‑
ment associated with Clostridium difficile infection in a French hospital 
setting. Health Qual Life Outcomes. 2019;17(1). https:// doi. org/ 10. 1186/ 
s12955‑ 019‑ 1081‑5.

 32. Garey KW, Aitken SL, Gschwind L, et al. Development and validation of a 
Clostridium difficile health‑related quality‑of‑life questionnaire. J Clin Gas‑
troenterol. 2016;50(8):631–7. https:// doi. org/ 10. 1097/ MCG. 00000 00000 
000473.

 33. Vent‑Schmidt J, Attara GP, Lisko D, Steiner TS. Patient experiences with 
Clostridioides difficile infection: results of a Canada‑wide survey. Patient 
Prefer Adherence. 2020;14:33–43. https:// doi. org/ 10. 2147/ PPA. S2295 39.

 34. Lurienne L, Bandinelli PA, Galvain T, Coursel CA, Oneto C, Feuerstadt P. Per‑
ception of quality of life in people experiencing or having experienced 
a Clostridioides difficile infection: a US population survey. J Patient‑Report 
Outcomes. 2020;4(1). https:// doi. org/ 10. 1186/ s41687‑ 020‑ 0179‑1.

 35. Reveles KR, Dotson KM, Gonzales‑Luna A, et al. Clostridioides (Formerly 
Clostridium) difficile infection during hospitalization increases the likeli‑
hood of nonhome patient discharge. Clin Infect Dis. 2019;68(11):1887–93. 
https:// doi. org/ 10. 1093/ cid/ ciy782.

 36. Awali RA, Kandipalli D, Pervaiz A, et al. Risk factors associated with inter‑
facility transfers among patients with Clostridium difficile infection. Am J 
Infect Control. 2016;44(9):1027–31. https:// doi. org/ 10. 1016/j. ajic. 2016. 03. 
037.

 37. Leibovici‑Weissman Y, Atamna A, Schlesinger A, Eliakim‑Raz N, Bishara 
J, Yahav D. Risk factors for short‑ and long‑term mortality in very old 
patients with Clostridium difficile infection: a retrospective study. Geriatr 
Gerontol Int. 2017;17(10):1378–83. https:// doi. org/ 10. 1111/ ggi. 12866.

 38. Chopra T, Awali RA, Biedron C, et al. Predictors of Clostridium difficile 
infection‑related mortality among older adults. Am J Infect Control. 
2016;44(11):1219–23. https:// doi. org/ 10. 1016/j. ajic. 2016. 04. 231.

 39. Archbald‑Pannone LR, McMurry TL, Guerrant RL, Warren CA. Delirium 
and other clinical factors with Clostridium difficile infection that predict 
mortality in hospitalized patients. Am J Infect Control. 2015;43(7):690–3. 
https:// doi. org/ 10. 1016/j. ajic. 2015. 03. 017.

 40. Appaneal HJ, Caffrey AR, Beganovic M, Avramovic S, LaPlante KL. Predic‑
tors of mortality among a national cohort of veterans with recurrent 
Clostridium difficile infection. Open Forum Infect Dis. 2018;5(8). https:// doi. 
org/ 10. 1093/ ofid/ ofy175.

 41. Byrn JC, Maun DC, Gingold DS, Baril DT, Ozao JJ, Divino CM. Predictors of 
mortality after colectomy for fulminant Clostridium difficile colitis. Arch 
Surg. 2008;143(2):150–5. https:// doi. org/ 10. 1001/ archs urg. 2007. 46.

 42. Venkat R, Pandit V, Telemi E, Trofymenko O, Pandian TK, Nfonsam VN. 
Frailty predicts morbidity and mortality after colectomy for Clostridium 
difficile colitis. Am Surg. 2018;84(5):628–32.

 43. Bielakova K, Fernandova E, Matejovska‑Kubesova H, Weber P, Prudius D, 
Bednar J. Can we improve the therapy of Clostridium difficile infection in 
elderly patients? Wien Klin Wochenschr. 2016;128(15–16):592–8. https:// 
doi. org/ 10. 1007/ s00508‑ 016‑ 1056‑z.

 44. Olsen MA, Stwalley D, Demont C, Dubberke ER. Clostridium difficile infec‑
tion increases acute and chronic morbidity and mortality. Infect Control 
Hosp Epidemiol. 2019;40(1):65–71. https:// doi. org/ 10. 1017/ ice. 2018. 280.

 45. Yu H, Baser O, Wang L. Burden of Clostridium difficile‑associated 
disease among patients residing in nursing homes: a population‑
based cohort study. BMC Geriatr. 2016;16(1). https:// doi. org/ 10. 1186/ 
s12877‑ 016‑ 0367‑2.

 46. Czepiel J, Krutova M, Mizrahi A, et al. Mortality following Clostridioides dif-
ficile infection in Europe: a retrospective multicenter case–control study. 
Antibiotics. 2021;10(3). https:// doi. org/ 10. 3390/ antib iotic s1003 0299.

 47. Yu H, Chen K, Sun Y, et al. Cytokines are markers of the Clostridium difficile‑
induced inflammatory response and predict disease severity. Clin Vaccine 
Immunol. 2017;24(8):e0003717. https:// doi. org/ 10. 1128/ CVI. 00037‑ 17.

 48. Tsunoda I. Lymphatic system and gut microbiota affect immunopa‑
thology of neuroinflammatory diseases, including multiple sclerosis, 
neuromyelitis optica and Alzheimer’s disease. Clin Exp Neuroimmunol. 
2017;8(3):177–9. https:// doi. org/ 10. 1111/ cen3. 12405.

 49. Tohidpour A, Morgun A v., Boitsova EB, et al. Neuroinflammation and 
infection: molecular mechanisms associated with dysfunction of neuro‑
vascular unit. Front Cell Infect Microbiol. 2017;7. https:// doi. org/ 10. 3389/ 
fcimb. 2017. 00276.

 50. Norden DM, Godbout JP. Review: microglia of the aged brain: primed to 
be activated and resistant to regulation. Neuropathol Appl Neurobiol. 
2013;39:19–34. https:// doi. org/ 10. 1111/j. 1365‑ 2990. 2012. 01306.x.

 51. Selkrig J, Wong P, Zhang X, Pettersson S. Metabolic tinkering by the gut 
microbiome: implications for brain development and function. Gut 
Microbes. 2014;5(3):369. https:// doi. org/ 10. 4161/ gmic. 28681.

 52. Wall R, Cryan JF, Ross RP, Fitzgerald GF, Dinan TG, Stanton C. Bacterial 
neuroactive compounds produced by psychobiotics. Adv Exp Med Biol. 
2014;817:221–39. https:// doi. org/ 10. 1007/ 978‑1‑ 4939‑ 0897‑4_ 10.

 53. Ticinesi A, Nouvenne A, Cerundolo N, et al. Gut microbiota, muscle mass 
and function in aging: a focus on physical frailty and sarcopenia. Nutri‑
ents. 2019;11(7):1633. https:// doi. org/ 10. 3390/ nu110 71633.

 54. Han DS, Wu WK, Liu PY, et al. Differences in the gut microbiome and 
reduced fecal butyrate in elders with low skeletal muscle mass. Clin Nutr. 
2022;41(7):1491–500. https:// doi. org/ 10. 1016/j. clnu. 2022. 05. 008.

 55. Xu YS, Wang YH, Li HW, et al. Altered fecal microbiota composition in 
older adults with frailty. Front Cell Infect Microbiol. 2021;11. https:// doi. 
org/ 10. 3389/ fcimb. 2021. 696186.

 56. Siddharth J, Chakrabarti A, Pannérec A, et al. Aging and sarcopenia asso‑
ciate with specific interactions between gut microbes, serum biomarkers 
and host physiology in rats. Aging. 2017;9(7):1698–720. https:// doi. org/ 
10. 18632/ aging. 101262.

 57. Varian BJ, Gourishetti S, Poutahidis T, et al. Beneficial bacteria inhibit 
cachexia [published correction appears in Oncotarget]. 2018;9(50):29536. 
Goureshetti, Sravya [corrected to Gourishetti, Sravya]. Oncotarget. 
2016;7(11):11803–11816. https:// doi. org/ 10. 18632/ oncot arget. 7730.

 58. Fielding RA, Reeves AR, Jasuja R, Liu C, Barrett BB, Lustgarten MS. Muscle 
strength is increased in mice that are colonized with microbiota from 
high‑functioning older adults. Exp Gerontol. 2019;127:110722. https:// doi. 
org/ 10. 1016/j. exger. 2019. 110722.

https://doi.org/10.1185/03007995.2014.895311
https://doi.org/10.18553/jmcp.2015.21.7.585
https://doi.org/10.18553/jmcp.2015.21.7.585
https://doi.org/10.1007/s15010-015-0770-1
https://doi.org/10.1007/s15010-015-0770-1
https://doi.org/10.1111/jgs.12442
https://doi.org/10.1136/bmjopen-2015-009316
https://doi.org/10.1093/ageing/28.2.107
https://doi.org/10.1093/ageing/28.2.107
https://doi.org/10.1093/ofid/ofy160
https://doi.org/10.1093/ofid/ofy160
https://doi.org/10.1056/NEJM198901263200402
https://doi.org/10.1056/NEJM198901263200402
https://doi.org/10.1016/j.jhin.2012.02.004
https://doi.org/10.3201/eid1407.070867
https://doi.org/10.3201/eid1407.070867
https://doi.org/10.1007/s10620-018-5222-1
https://doi.org/10.1186/s12955-019-1081-5
https://doi.org/10.1186/s12955-019-1081-5
https://doi.org/10.1097/MCG.0000000000000473
https://doi.org/10.1097/MCG.0000000000000473
https://doi.org/10.2147/PPA.S229539
https://doi.org/10.1186/s41687-020-0179-1
https://doi.org/10.1093/cid/ciy782
https://doi.org/10.1016/j.ajic.2016.03.037
https://doi.org/10.1016/j.ajic.2016.03.037
https://doi.org/10.1111/ggi.12866
https://doi.org/10.1016/j.ajic.2016.04.231
https://doi.org/10.1016/j.ajic.2015.03.017
https://doi.org/10.1093/ofid/ofy175
https://doi.org/10.1093/ofid/ofy175
https://doi.org/10.1001/archsurg.2007.46
https://doi.org/10.1007/s00508-016-1056-z
https://doi.org/10.1007/s00508-016-1056-z
https://doi.org/10.1017/ice.2018.280
https://doi.org/10.1186/s12877-016-0367-2
https://doi.org/10.1186/s12877-016-0367-2
https://doi.org/10.3390/antibiotics10030299
https://doi.org/10.1128/CVI.00037-17
https://doi.org/10.1111/cen3.12405
https://doi.org/10.3389/fcimb.2017.00276
https://doi.org/10.3389/fcimb.2017.00276
https://doi.org/10.1111/j.1365-2990.2012.01306.x
https://doi.org/10.4161/gmic.28681
https://doi.org/10.1007/978-1-4939-0897-4_10
https://doi.org/10.3390/nu11071633
https://doi.org/10.1016/j.clnu.2022.05.008
https://doi.org/10.3389/fcimb.2021.696186
https://doi.org/10.3389/fcimb.2021.696186
https://doi.org/10.18632/aging.101262
https://doi.org/10.18632/aging.101262
https://doi.org/10.18632/oncotarget.7730
https://doi.org/10.1016/j.exger.2019.110722
https://doi.org/10.1016/j.exger.2019.110722


Page 8 of 8Fernandez‑Cotarelo et al. European Journal of Medical Research          (2023) 28:439 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 59. Tate JA, Snitz BE, Alvarez KA, et al. Infection hospitalization increases risk 
of dementia in the elderly. Crit Care Med. 2014;42(5):1037–46. https:// doi. 
org/ 10. 1097/ CCM. 00000 00000 000123.

 60. Davydow DS, Hough CL, Levine DA, Langa KM, Iwashyna TJ. Functional 
disability, cognitive impairment, and depression after hospitalization for 
pneumonia. Am J Med. 2013;126(7):615–24. https:// doi. org/ 10. 1016/j. 
amjmed. 2012. 12. 006.

 61. Girard TD, Self WH, Edwards KM, et al. Long‑term cognitive impairment 
after hospitalization for community‑acquired pneumonia: a prospective 
cohort study. J Gen Intern Med. 2018;33(6):929–35. https:// doi. org/ 10. 
1007/ s11606‑ 017‑ 4301‑x.

 62. Shah FA, Pike F, Alvarez K, et al. Bidirectional relationship between 
cognitive function and pneumonia. Am J Respir Crit Care Med. 
2013;188(5):586–92. https:// doi. org/ 10. 1164/ rccm. 201212‑ 2154OC.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1097/CCM.0000000000000123
https://doi.org/10.1097/CCM.0000000000000123
https://doi.org/10.1016/j.amjmed.2012.12.006
https://doi.org/10.1016/j.amjmed.2012.12.006
https://doi.org/10.1007/s11606-017-4301-x
https://doi.org/10.1007/s11606-017-4301-x
https://doi.org/10.1164/rccm.201212-2154OC

	Interaction of Clostridioides difficile infection with frailty and cognition in the elderly: a narrative review
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Case vignette
	Background
	Methodology
	Main text
	Cognitive impairment and frailty as risk factors for CDI
	Impact of CDI on quality of life, cognition and functionality
	Morbidity and early and late mortality post-CDI
	Potential mechanisms underlying the vicious cycle of CDI in the elderly
	Research gaps
	Data gathering limitations

	Conclusions
	References


