
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) Multimorbidity in elderly hospitalized patients and risk of Clostridium 
difficile infection: a retrospective study with Cumulative Illness 
Rating Scale (CIRS) 

AUTHORS Ticinesi, Andrea; Nouvenne, Antonio; Folesani, Giuseppina; Prati, 
Beatrice; Morelli, Ilaria; Guida, Loredana; Turroni, Francesca; 
Ventura, Marco; Lauretani, Fulvio; Maggio, Marcello; Meschi, 
Tiziana 

 

VERSION 1 - REVIEW 

REVIEWER Andrea Corsonello 
ItalianNational Research Center on Aging (INRCA), Cosenza, Italy 
 
I acknowledge that I co-authored together with Dr. Maggio and Dr. 
Lauretani some papers on the risks related to the use of PPIs in 
elderly patients. However, I make sure to have played my role as a 
referee with fairness and objectivity. 

REVIEW RETURNED 21-Jul-2015 

 

GENERAL COMMENTS The Authors investigated the relationship between comorbidity and 
CDI in the context of a single center retrospective study.  
 
The paper is interesting, but I have several concerns to be 
addressed.  
 
1. English language should be revised throughout the manuscript  
2. Page 5, Stengths and limitations section: "Functional performance 
of patients, although indirectly estimated by CIRS...". This sentence 
makes no sense. Please, rewrite.  
3. Methods: I can not understand why the Authors planned to report 
CIRS scores in different ways in preliminary and multivariable 
analysis. I think it would be useful to see CIRS quartiles in both 
univariable and multivariable analysis. The Authors state that 
variables significantly distinguishing groups in preliminary analysis 
were entered in model 2 multivariable analysis. However, it seems 
that variables not significantly distinguishing groups were also 
entered in model 2 (see also comment 4).  
4. It was quitely surprising to see that both CIRS and number of 
comorbidities were simultaneously enetred in the multivariable 
model 2. Collinearity in this analysis would be expected. How was 
collinearity accounted for? The "mean hospital stay before 
transferral to our unit" was not significantly associated in preliminary 
analysis: why this variable was entered in the multivariable model 2? 
how the Authors explain the statistically significant association 
between this variable and the study outcome in multivariable 
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analysis given the lack of significant association in univariate 
analysis?  
5. I can not understand why selected diagnosis reported in table 1 
are not included in the analysis reported in Table 2.  
6. Conclusions are partly not supported by data. I'm not sure that the 
Authors could say that number of diagnosis could identify patients 
with CDI with greater accuracy. This conclusion could be supported 
by a comparison between CIRS and number of comorbidity (in 
separate logistic regression models). ROC curves, sensitivity, 
specificity, positive and negative predictive valuse would be needed. 
The Authors may wish to compete their study with these analyses 

 

REVIEWER Dietrich Mack 
Bioscientia Labor Ingelheim  
Institut für Medizinische Diagnostik GmbH 

REVIEW RETURNED 29-Jul-2015 

 

GENERAL COMMENTS This is a retrospective cohort study evaluating the correlation of 
CIRS score with C. difficile diarrhoea patients > 65 yr in a geriatric 
hospital ward. Most of the known risk factors for C. diff diarrhoea 
exept PPI administration are identified also in this study. IN addition 
patients with high CIRS score have a higher risk for C diff. There 
were 12 patients with C diff with no exposure to antibiotics in the 
cohort. The authors fail to explore the case histories of these 
patients, which might explain them contracting the disease.  
 
The study is well written and appears to be carefully performed. It 
appears that there is not much specifically new in this study which 
would add significantly to the knowledge about risk factors for C diff 
in elderly patients.   

 

VERSION 1 – AUTHOR RESPONSE 

ANSWERS TO REVIEWER #1  

 

“The Authors investigated the relationship between comorbidity and CDI in the context of a single 

center retrospective study.  

The paper is interesting, but I have several concerns to be addressed.  

1. English language should be revised throughout the manuscript”  

 

R: We thank the reviewer for his comment. In the new version of the manuscript, the English 

language has been thoroughly and consistently revised in order to improve readers’ comprehension.  

 

“2. Page 5, Strengths and limitations section: "Functional performance of patients, although indirectly 

estimated by CIRS...". This sentence makes no sense. Please, rewrite.”  

 

R: The sentence has been rephrased maintaining the global sense of this limitation of our study (see 

page 4, lines 8-9 of the amended version).  

 

“3. Methods: I can not understand why the Authors planned to report CIRS scores in different ways in 

preliminary and multivariable analysis. I think it would be useful to see CIRS quartiles in both 

univariable and multivariable analysis. The Authors state that variables significantly distinguishing 

groups in preliminary analysis were entered in model 2 multivariable analysis. However, it seems that 

variables not significantly distinguishing groups were also entered in model 2 (see also comment 4).”  
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R: We do agree with the criticisms raised by the reviewer and we have now corrected the statistical 

analysis, accordingly. In the new version of the paper, CIRS Comorbidity Score has been reported in 

quartiles in both univariable and multivariable analysis. As such, CIRS has been deleted from Table 2, 

which now reports the differences between Clostridium difficile-positive and negative subjects for all 

other covariates. We have now performed a new analysis exploring the differences in the prevalence 

of Clostridium difficile infection among quartiles of CIRS Comorbidity Score. The results of this 

analysis are reported in Figure 1. In the age- and sex-adjusted statistical model, the prevalence of 

infection was significantly higher for those patients in the highest quartile (CIRS Comorbidity Score 

≥17) vs those in the lowest quartile (CIRS Comorbidity Score <9). Moreover, in the revised version of 

model 2, we entered only the variables that were significantly different in the univariable analysis 

(revised version of Table 3). The Results and discussion section have been corrected accordingly 

(see from page 9, lines 13 to page 10 line 2).  

 

“4. It was quitely surprising to see that both CIRS and number of comorbidities were simultaneously 

entered in the multivariable model 2. Collinearity in this analysis would be expected. How was 

collinearity accounted for?”  

 

R: We thank the Reviewer for this comment. We do agree that in general, CIRS Comorbidity Score 

and overall number of comorbidities are strongly inter-related. In fact the collinearity was also 

demonstrated in our cohort. Thus, entering both variables in the multivariable model 2 can lead to 

over-adjustment. In the new version of the manuscript, multivariable analysis has been performed 

considering only CIRS Comorbidity Score, while the overall number of comorbidities has been omitted 

(see Table 3). An alternative multivariable model has been performed as well, considering number of 

comorbidities and omitting CIRS. You can see the results of this new analysis in Supplementary Table 

1. The number of comorbidities was not statistically associated with Clostridium difficile infection in 

this model. Since the primary aim of our study was to test CIRS Comorbidity Study, and not the 

number of comorbidities, as a possible predictor of Clostridium difficile infections, we believe that this 

adjunctive model should not be included in the paper.  

 

“The "mean hospital stay before transferral to our unit" was not significantly associated in preliminary 

analysis: why this variable was entered in the multivariable model 2? how the Authors explain the 

statistically significant association between this variable and the study outcome in multivariable 

analysis given the lack of significant association in univariate analysis?”  

 

R: We do agree with this suggestion. In the revised multivariable analysis, we included only the 

variables that were statistically different between the two groups at univariable analysis (see Table 3 

model 2). As such, the variable “mean hospital stay before transferal to our unit” was excluded.  

 

“5. I can not understand why selected diagnosis reported in table 1 are not included in the analysis 

reported in Table 2.”  

 

R: In the new version of the paper, the diagnoses listed in Table 1 (i.e. cardiovascular disease, 

respiratory disease, cancer, and so on) have been included in the analysis reported in Table 2. No 

statistically significant difference was detected for all of them between patients with and without 

Clostridium difficile infection, except for chronic kidney disease.  

 

“6. Conclusions are partly not supported by data. I'm not sure that the Authors could say that number 

of diagnosis could identify patients with CDI with greater accuracy. This conclusion could be 

supported by a comparison between CIRS and number of comorbidity (in separate logistic regression 

models). ROC curves, sensitivity, specificity, positive and negative predictive valuse would be 

needed. The Authors may wish to compete their study with these analyses”  
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R: As stated in the response to point #4, the number of diagnoses was not significantly associated 

with Clostridium difficile infection in an alternative multivariable model not including CIRS Comorbidity 

Score. Therefore, we may conclude that CIRS Comorbidity Score can predict the risk of Clostridium 

difficile infection in multimorbid patients with greater accuracy than the number of diagnoses. Thus, 

we have performed the suggested analysis only for CIRS Comorbidity Score. The ROC curve was 

built to statistically test the discriminating power of CIRS Comorbidity Score value in the identification 

of patients with risk of Clostridium difficile infection (OR 1.065, 95% CI 1.003-1.130, age- and sex-

adjusted p=0.04). The ROC curve is presented in the Supplementary Figure 1. However, the aim of 

the present study was not to identify a cut-off value of CIRS Comorbidity Score for estimating the risk 

of Clostridium difficile infection, but only to demonstrate a relationship between multimorbidity and this 

hospital-acquired infection. This is the reason why we decided to not mention this adjunctive analysis 

in the new version of the paper. We are aware that antibiotic therapy is a much more relevant risk 

factor than multimorbidity, as stated in the discussion section (see page 11, lines 15-20 of the 

amended version).  

 

ANSWERS TO REVIEWER #2  

 

“This is a retrospective cohort study evaluating the correlation of CIRS score with C. difficile diarrhoea 

patients > 65 yr in a geriatric hospital ward. Most of the known risk factors for C. diff diarrhoea except 

PPI administration are identified also in this study. IN addition patients with high CIRS score have a 

higher risk for C diff. There were 12 patients with C diff with no exposure to antibiotics in the cohort. 

The authors fail to explore the case histories of these patients, which might explain them contracting 

the disease.”  

 

R: We thank Dr Mack for his comment. Although antibiotic therapy is the leading risk factor for 

Clostridium difficile infection (confirmed by our results), in our ward it is not uncommon to see this 

disease in patients who were not previously exposed to antibiotics. We have performed an adjunctive 

analysis comparing Clostridium difficile positive patients without previous antibiotic treatment (n=12) 

and Clostridium difficile positive patients with antibiotic exposure (n=31) for all the variables 

considered in our study. The two groups of patients did not significantly differ in terms of age, duration 

of hospital stay, chronic comorbidities, CIRS Comorbidity Score and PPI treatment. The reason of 

hospital admission for patients with Clostridium difficile and no previous antibiotic therapy was: fall 

with traumatic brain injury (N=3), lower gastrointestinal bleeding(N=2), congestive heart failure with 

pulmonary edema (N=2), and stroke (N=1), acute coronary syndrome (N=1), acute kidney injury 

(N=1), peptic ulcer (N=1) and trauma with fractures (N=1). None of them was under active 

immunosuppressive treatment. Unfortunately, we do not have information on other factors linked to 

Clostridium difficile infection, such as poor performance status and contact with children. As such, we 

have few elements to explain the loss of colonization resistance to Clostridium difficile in these 

subjects. However, the high level of antibiotic use in our ward may contribute to create a strong 

ecologic pressure towards Clostridium difficile environmental contamination. It may also contribute to 

select more virulent strains. As such, this phenomenon may expose to a high risk of Clostridium 

difficile infection also those patients who do not have risk factors in their clinical history (i.e. antibiotic 

exposure, long hospital stay, multimorbidity). This concept has been recently demonstrated by Brown 

K et al (JAMA Intern Med 2015, cited at ref. 7 in the text). With the above mentioned limitations, we 

think that it may be sufficient to explain the emergence of Clostridium difficile infection in our patients 

without antibiotic treatment, as stated in the discussion section (see page 12, lines 16-19 of the 

amended version). However, more research would surely be needed to clarify this interesting aspect.  

 

“The study is well written and appears to be carefully performed. It appears that there is not much 

specifically new in this study which would add significantly to the knowledge about risk factors for C 

diff in elderly patients.”  
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R: We thank Dr. Mack for this comment. We are aware that our study has several limitations and that 

our results are in line with previously published research. However, we believe that at least two new 

relevant informations are present in our manuscript:  

1) as stated in the discussion section (page 11, lines 21-22 of the amended version), only a few 

studies have investigated the role of multimorbidity indexes in the risk of Clostridium difficile infection, 

and virtually none has employed CIRS, which is instead particularly useful in geriatric populations. We 

think that this focus on the overall burden of disease is useful for clinical and research purposes, 

especially when dealing with multimorbid elderly.  

2) Moreover, very few studies have focused on elderly populations with prolonged hospital stay, who, 

in our experience, are exactly those with the highest risk of Clostridium difficile infection. We are also 

aware that antibiotic therapy remains the major determinant of infection, as stated in the discussion 

section (see page 11, lines 19-20). 

 

VERSION 2 – REVIEW 

REVIEWER Andrea Corsonello 
Italian National Research Center on Aging (INRCA), Cosenza, Italy 
 
As already acknowledged, I was co-author of research paper with 
Drs M. Maggio and F. Lauretani 

REVIEW RETURNED 31-Aug-2015 

 

GENERAL COMMENTS The reviewer completed the checklist but made no further 
comments. 
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