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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.   
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VERSION 1 - REVIEW 

REVIEWER John Kellett 
Consultant Physician (retired)  
Nenagh Hospital  
Nenagh  
Ireland 
 
I am a major share holder, director and chief medical officier of Tapa 
Healthcare DAC, a medical software company 

REVIEW RETURNED 30-May-2016 

 

GENERAL COMMENTS This is an interesting paper reporting an important and 
comprehensive study. I have no major criticism of the paper, other 
than to make a few suggestions that the authors might like to 
consider.  
The authors rightly point out what really matters and needs to be 
determined is how frequently patients need to keep coming back to 
hospital. They might also point out that current preoccupation with 
30 day readmission is only of value if it determines patients who 
return to hospital because of bad care, and not those who would 
otherwise need frequent hospital admissions that their model would 
be able to identify.  
The authors’ stated motivation for developing their model was 
“identification of patients at highest risk for readmissions, followed by 
identification of potentially modifiable risk factors that increase 
readmission risk. Resource intensive discharge planning and post-
discharge monitoring can then be targeted at these risk factors. 
Finally, community based home care services, primary care and 
case management could be provided to such high risk individuals to 
optimize their care in the community and keep them out of 
hospitals.” In order to do this would it not have made sense to try 
and distinguish patients with chronic disease who were likely to live 
a long time from those patients in rapid decline who were likely to 
need increasing care, including hospitalizations, during their 
relatively short remaining life expectancy?  
I am not a statistician so I cannot comment on their statistical 
methods. However, one of their interesting findings to me was that 
patient diagnoses (i.e. ICD 10) codes seemed to have so little 
predictive power. I think this an important point to emphasis as it 
hospital standardised mortality rate (HSMR) using a method 
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developed by Dr Foster Intelligence, and the standardised hospital 
mortality indicator (SHMI) both HSMR and SHMI heavily rely on the 
primary diagnosis to allocate patients into supposed clinically similar 
risk groups. However methods to forecast likelihood of death do not 
use diagnosis per se but rather rely on vital signs, cognitive decline 
in the elderly and/or key biochemical test results [see references 
below]. It is unfortunate that the authors were not able to include any 
of these, as well as frailty and functional capacity as potential 
candidate variable in their model. Hopefully, as stated in the 
discussion, this is something that will happen in the future.  
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REVIEWER A F Hutchinson 
Deakin University, Geelong, Australia 

REVIEW RETURNED 12-Jun-2016 

 

GENERAL COMMENTS The major statistical limitation in this paper is that in developing their 
predictive model - the authors imply they did not account for patient 
deaths or adjust for differences in survival time. This point needs to 
be clarified, and the authors may need to re-run the model to confirm 
that the reported values do not significantly change when this is 
done.  
 
Second, the paper would be enhanced by the authors running their 
final model with a Validation Cohort from the same center, to 
establish that the predictors they have identified in this model are 
robust when applied to a second data set.  

 

REVIEWER Everett Logue 
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Summa Health System, Akron, OH, USA 

REVIEW RETURNED 27-Jun-2016 

 

GENERAL COMMENTS This is a well-designed and executed retrospective cohort study of 
the determinants of frequent hospitalizations in a large Singapore 
facility. New findings on the strongest predictors are a contribution to 
the literature.  

 

REVIEWER Xiaosun Lu, PhD 
Medpace Inc, Cincinnati, OH, USA 

REVIEW RETURNED 09-Aug-2016 

 

GENERAL COMMENTS It is a straightforwardly design study to determine the risk factors for 
frequent hospital admission. I have following questions/comments.  
 
1. Did you author use any covariates selection tools to determine 
which covairates should be kept in the model or blindly put all 
covariates in the model and see which one are significant? 
Sometimes a simple selection tool will be a good guide of covariate 
selection, such as Backward/Forward Elimination.  
 
2. In this case with a large sample size, the p value does not have 
too much meaning. Author may need to mention this issue in 
discussion part.  
 
3. It is not necessary to present both unadjusted and adjusted OR in 
the table. It is not a good strategy to present all information blindly, 
and let reader to select which should be the "real" one. Once we 
have a well selected model, we trust adjusted OR more than 
unadjusted. So, it would be enough to present frequencies, 
percentage and adjusted OR.  
 
4. If the exact time of admission is known, a survival model, such 
cox proportional hazard model, would be more appropriate to detect 
the potential risk factors for the hazard of admission. 

 

REVIEWER Arier Lee 
Section of Epidemiology and Biostatistics  
School of Population Health  
Faculty of Medical and Health Sciences  
The University of Auckland  
New Zealand 

REVIEW RETURNED 10-Aug-2016 

 

GENERAL COMMENTS 1. 10-fold cross-validation result summary was described in the 
method section but not reported in the result section.  
 
2. Interpretation of ORs in many places are incorrect.  
p.6 last paragraph: "Patients who were treated with intravenous 
furosemide 40mg and above were 1.49 times more likely (adjusted 
OR: 1.49, 95% CI: 1.308-1.701) to become a FA in the following 12 
months" It should be interpreted as "The odds of frequent hospital 
admission for patients who were treated with intravenous furosemide 
40mg and above were 1.49 times higher than the odds of those who 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-012705 on 14 O

ctober 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


were not treated with..."  
p7 first paragraph, p 13 first paragraph: "... associated with 33% 
increased risk of..." should be "... associated with 33% increased 
odds of...".  
p.12 last paragraph: "... 2.33 times and 1.49 times more likely to 
become a FA..." The OR is again incorrectly interpreted as RR.  
 
3. Table 1 Baseline characteristics. statistical methods used to 
calculate the p-values should be listed in a footnote of the Table. A 
table should provide enough information to be read independently 
without referring back to the text.  
 
4. Table 1 Baseline characteristics. There is one p-value presented 
for every ethnicity category which can't be right. There should be 
only one single p-value for the ethnicity variable.  
 
5. Table 2. 'Others' is not the best choice of reference level for 
ethnicity variable as it is the smallest hard to define group. It is better 
to choose a larger well define group as reference, e.g. Chinese.  
 
6. Table 2. Overall p-value for ethnicity should be presented instead 
of individual level p-values comparing to the reference.  
 
7. Table 2. It is unclear if all of the 44 variables were kept in the final 
multiple logistic regression model. If so, please justify why so many 
were kept in the final model, especially medical comorbidities 
variables. Because many of those variables are probably highly 
correlated and shouldn't be in the model together.  
 
8. Table 2. History of Alcoholism. Is this the same as Alcohol Abuse 
variable in Table 1?  
 
9. p12 paragraph 3. "It is also possible that these patients passed 
away after the index hospital discharge and did not accumulate 3 or 
more hospital readmissions in the following 12 months to become a 
frequent admitter." Could you limit the denominator of the analyses 
to those who were still alive 12 months after the index 
hospitalisation? 

 

VERSION 1 – AUTHOR RESPONSE 

Response to Reviewer #1  

 

This is an interesting paper reporting an important and comprehensive study. I have no major criticism 

of the paper, other than to make a few suggestions that the authors might like to consider.  

The authors rightly point out what really matters and needs to be determined is how frequently 

patients need to keep coming back to hospital. They might also point out that current preoccupation 

with 30 day readmission is only of value if it determines patients who return to hospital because of 

bad care, and not those who would otherwise need frequent hospital admissions that their model 

would be able to identify.  

 

Author Reply: Thank you for your kind words and positive feedback on our work. Following the 

reviewer’s suggestion, we have included in the discussion section of our revised paper (last 

paragraph, page 12) “The current preoccupation with 30 day readmission is only of value if it 

determines patients who return to hospital because of bad care, and not those who would otherwise 

need frequent hospital admissions that our model strives to identify.”  
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The authors’ stated motivation for developing their model was “identification of patients at highest risk 

for readmissions, followed by identification of potentially modifiable risk factors that increase 

readmission risk. Resource intensive discharge planning and post-discharge monitoring can then be 

targeted at these risk factors. Finally, community based home care services, primary care and case 

management could be provided to such high risk individuals to optimize their care in the community 

and keep them out of hospitals.” In order to do this would it not have made sense to try and 

distinguish patients with chronic disease who were likely to live a long time from those patients in 

rapid decline who were likely to need increasing care, including hospitalizations, during their relatively 

short remaining life expectancy?  

 

Author Reply: Thank you for your comment. We agree and intend for our model to function as a rapid 

risk stratification tool to identify patients at high risk for frequent admissions among the many 

admissions to our health system each day.  

 

This risk stratification must then be followed by an assessment of the high risk patient to identify 

potentially modifiable risk factors for intervention (such as the patients with chronic disease who are 

going to live a long time). Similarly, the assessment will identify patients who are going to be in rapid 

decline with unavoidable readmissions but can benefit from appropriate interventions that are aligned 

with the patients’ goals of care e.g. best supportive care or palliative care.  

 

We have further elaborated on this in the discussion section (page 11).  

 

I am not a statistician so I cannot comment on their statistical methods. However, one of their 

interesting findings to me was that patient diagnoses (i.e. ICD 10) codes seemed to have so little 

predictive power. I think this an important point to emphasis as it hospital standardised mortality rate 

(HSMR) using a method developed by Dr Foster Intelligence, and the standardised hospital mortality 

indicator (SHMI) both HSMR and SHMI heavily rely on the primary diagnosis to allocate patients into 

supposed clinically similar risk groups.  

 

Author Reply: Thanks for pointing this out. From our results we observed that most individual 

comorbidities were not strong predictors, but the Charlson Comorbidity Index (CCI) was a significant 

predictor to frequent admission (FA). One possible reason for little predictive power shown by patient 

diagnoses was that our study outcome was FA, not mortality. We believe that when different 

outcomes are studied, the predictive power for each variable will change accordingly.  

 

In addition, the CCI is a composite index of 19 diseases, most of which are also being evaluated in 

our predictive model. It is possible that the CCI is highly correlated with these diseases, therefore 

reducing the predictive power of individual diseases.  

 

However methods to forecast likelihood of death do not use diagnosis per se but rather rely on vital 

signs, cognitive decline in the elderly and/or key biochemical test results [see references below]. It is 

unfortunate that the authors were not able to include any of these, as well as frailty and functional 

capacity as potential candidate variable in their model. Hopefully, as stated in the discussion, this is 

something that will happen in the future.  

References  

• Cohen A, Milot E, Li Q, Bergeron P, Poirier R, et al. (2015) Detection of a novel, integrative aging 

process suggests complex physiological integration. PLOS One 10: e0116489.  

• Xu M, Tam B, Thabane L, Fox-Robichaud A (2015) A protocol for developing early warning score 

models from vital signs data in hospitals using ensembles of decision trees. BMJ Open 5: e008699.  

• O’Sullivan E, Callely E, O’Riordan D, Silke B (2012) Predicting outcomes in emergency medical 

admissions – role of laboratory data and co-morbidity. Acute Med 11: 59-65  

• Bo M, Massaia M, Raspo S, Bosco F, Cena P, et al. (2003) Predictive factors of in hospital mortality 
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in older patients admitted to a medical intensive care unit. J Am Geriat Soc 51: 529-533.  

• Horne BD, May HT, Muhlestein JB, Ronnow BS, Lappe DL, et al. (2009) Exceptional mortality 

prediction by risk scores from common laboratory tests. Amer J Med 122: 550-558.  

• Mohammed M, Rudge G, Wood G, Smith G, Nangalia V, et al. (2012) Which is more useful in 

predicting hospital mortality – dichotomised blood test results or actual test values? A retrospective 

study in two hospitals. PLOS One 7: e46860.  

• Kellett J, Deane B (2006) The simple clinical score predicts mortality for 30 days after admission to 

an acute medical unit. Q J Med 99: 771-781.  

 

Author Reply: Thanks for mentioning these. Here we would like to clarify that the outcome we studied 

was frequent hospital admissions (defined as three or more inpatient admissions within 12 months of 

discharge). We identified the candidate variables a priori and according to existing literature; vital 

signs were not among them. However, your suggested references are very useful resources and we 

will definitely refer to them when we study mortality as the primary outcome.  

 

Response to Reviewer #2  

 

The major statistical limitation in this paper is that in developing their predictive model - the authors 

imply they did not account for patient deaths or adjust for differences in survival time. This point needs 

to be clarified, and the authors may need to re-run the model to confirm that the reported values do 

not significantly change when this is done.  

 

Author Reply: Thank you for raising this concern. We totally agree with the reviewer so that we have 

mentioned this limitation in our original submission. However, at this moment, we are not able to get 

the death data from hospital’s existing EHR. Singapore national death data is currently in the process 

of being integrated into hospital EHR, but will not be available so soon. Based on aged standardized 

death rate 3.1 per 1000 residents in Singapore in 2015, the death rate is low and therefore unlikely to 

have significantly changed our results.  

 

Second, the paper would be enhanced by the authors running their final model with a Validation 

Cohort from the same center, to establish that the predictors they have identified in this model are 

robust when applied to a second data set.  

 

Author Reply: Thank you for suggesting the use of a validation cohort. In this study, we used 10-fold 

cross-validation scheme to showcase that the predictors are robust. In our study, we aimed to 

investigate the impact of comorbidities, acute illness burden and social determinants of health, rather 

than establishing a model to risk stratify patients. Currently, as a follow-up study, we are working on 

deriving a score/predictive model and will validate it on a separate testing cohort.  

 

Response to Reviewer #3  

 

This is a well-designed and executed retrospective cohort study of the determinants of frequent 

hospitalizations in a large Singapore facility. New findings on the strongest predictors are a 

contribution to the literature.  

 

Author Reply: Thank you for your kind words and positive feedback on our work.  

 

Response to Reviewer #4  

 

It is a straightforwardly design study to determine the risk factors for frequent hospital admission. I 

have following questions/comments.  
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1. Did you author use any covariates selection tools to determine which covairates should be kept in 

the model or blindly put all covariates in the model and see which one are significant? Sometimes a 

simple selection tool will be a good guide of covariate selection, such as Backward/Forward 

Elimination.  

 

Author Reply: Thank you for raising this question, and sorry for that we didn’t clearly state the analysis 

in the manuscript. We used stepwise variable selection in the modeling process. The final logistic 

regression model selected 11 out of 44 variables. We have revised the Method section accordingly.  

 

2. In this case with a large sample size, the p value does not have too much meaning. Author may 

need to mention this issue in discussion part.  

 

Author Reply: Thanks for the suggestion. We have mentioned in the Discussion that p-values are not 

a good indicator of statistical significance due the large sample size.  

 

3. It is not necessary to present both unadjusted and adjusted OR in the table. It is not a good 

strategy to present all information blindly, and let reader to select which should be the "real" one. 

Once we have a well selected model, we trust adjusted OR more than unadjusted. So, it would be 

enough to present frequencies, percentage and adjusted OR.  

 

Author Reply: Thanks for the suggestion. We have removed the unadjusted OR results from Table 2.  

 

4. If the exact time of admission is known, a survival model, such cox proportional hazard model, 

would be more appropriate to detect the potential risk factors for the hazard of admission.  

 

Author Reply: Thank you for your comment. In this study, we aimed to study the impact of various risk 

factors for frequent hospital admissions (defined as 3 or more admissions in the following 12 months 

i.e. a high cost patient), instead of modelling for the hazard of readmission. Therefore, we have not 

utilized the survival model in our study.  

 

We would like to thank the reviewer for the suggestion and would consider to model for the hazard of 

readmission in future papers.  

 

Response to Reviewer #5  

 

1. 10-fold cross-validation result summary was described in the method section but not reported in the 

result section.  

 

Author Reply: Thank you for pointing this out, and sorry for the confusion. All results reported are 

based on 10-fold cross-validation. We have stated this clearly in the revised manuscript.  

 

2. Interpretation of ORs in many places are incorrect.  

p.6 last paragraph: "Patients who were treated with intravenous furosemide 40mg and above were 

1.49 times more likely (adjusted OR: 1.49, 95% CI: 1.308-1.701) to become a FA in the following 12 

months" It should be interpreted as "The odds of frequent hospital admission for patients who were 

treated with intravenous furosemide 40mg and above were 1.49 times higher than the odds of those 

who were not treated with..."  

p7 first paragraph, p 13 first paragraph: "... associated with 33% increased risk of..." should be "... 

associated with 33% increased odds of...".  

p.12 last paragraph: "... 2.33 times and 1.49 times more likely to become a FA..." The OR is again 

incorrectly interpreted as RR.  
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Author Reply: Thanks for the valuable suggestions. We have corrected the interpretation of ORs in 

the revised manuscript.  

 

3. Table 1 Baseline characteristics. statistical methods used to calculate the p-values should be listed 

in a footnote of the Table. A table should provide enough information to be read independently without 

referring back to the text.  

 

Author Reply: We have added in all necessary information to tables so that they are self- self-

explanatory.  

 

4. Table 1 Baseline characteristics. There is one p-value presented for every ethnicity category which 

can't be right. There should be only one single p-value for the ethnicity variable.  

 

Author Reply: We have updated the results accordingly.  

 

5. Table 2. 'Others' is not the best choice of reference level for ethnicity variable as it is the smallest 

hard to define group. It is better to choose a larger well define group as reference, e.g. Chinese.  

 

Author Reply: Thank you for your suggestion. In Singapore, Chinese, Malays and Indians are the 

three largest ethnic groups and therefore our interest was to evaluate if these 3 groups had increased 

risk with reference to the “others” category. Therefore, we had chosen “others” as the reference 

category.  

We hope this would be acceptable to the reviewer.  

 

6. Table 2. Overall p-value for ethnicity should be presented instead of individual level p-values 

comparing to the reference.  

 

Author Reply: We have updated the results accordingly.  

 

7. Table 2. It is unclear if all of the 44 variables were kept in the final multiple logistic regression 

model. If so, please justify why so many were kept in the final model, especially medical comorbidities 

variables. Because many of those variables are probably highly correlated and shouldn't be in the 

model together.  

 

Author Reply: Thank you for raising this question, and sorry for that we didn’t clearly state the analysis 

in the manuscript. Reviewer #4 also has the same question. In our analysis, we used stepwise 

variable selection in the modeling process. The final logistic regression model selected 11 out of 44 

variables. We have revised the Method section.  

 

8. Table 2. History of Alcoholism. Is this the same as Alcohol Abuse variable in Table 1?  

 

Author Reply: Yes, both variables are the same. We have revised Table 1 in the manuscript so that 

the descriptions are consistent.  

 

9. p12 paragraph 3. "It is also possible that these patients passed away after the index hospital 

discharge and did not accumulate 3 or more hospital readmissions in the following 12 months to 

become a frequent admitter." Could you limit the denominator of the analyses to those who were still 

alive 12 months after the index hospitalisation?  

 

Author Reply: Thanks for the question. Reviewer #2 has a similar concern. We totally agree with both 

reviewers on this limitation. However, as stated in our reply to Reviewer #2, Singapore national death 

data is currently in the process of being integrated into hospital EHR, but will not be available so soon. 
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Therefore, we are currently not able to re-do the analysis by excluding death cases. We have 

acknowledged this limitation in the Discussion section. 

VERSION 2 – REVIEW 

REVIEWER John Kellett 
Dept Acute and Emergency Medicine, University of Southern 
Denmark  
Demark 
 
Chief Medical Officier  
Tapa Healthcare DAC, Dundalk, Ireland 

REVIEW RETURNED 01-Sep-2016 

 

GENERAL COMMENTS This is an important paper and should be published. I have only one 
minor suggestion. The authors state eventually external validation of 
this score will enable its use in different healthcare systems. It would 
be lot easier for others to do this if they included the 11 items 
score/logistic regression equation with co-efficients or co-efficients 
converted into points (i.e. their nearest integer). Obviously these 
could be deduced by from their tables - but I think it would be clearer 
if it was explicitly laid out. This could be as an appendix or 
supplementary data only available electronically.  

 

REVIEWER Arier Lee 
University of Auckland  
New Zealand 

REVIEW RETURNED 12-Sep-2016 

 

GENERAL COMMENTS The authors have addressed all my comments.  

 

VERSION 2 – AUTHOR RESPONSE 

Response to Reviewer #1  

 

This is an important paper and should be published. I have only one minor suggestion. The authors 

state eventually external validation of this score will enable its use in different healthcare systems. It 

would be lot easier for others to do this if they included the 11 items score/logistic regression equation 

with co-efficients or co-efficients converted into points (i.e. their nearest integer). Obviously these 

could be deduced by from their tables - but I think it would be clearer if it was explicitly laid out. This 

could be as an appendix or supplementary data only available electronically.  

 

Author Reply: Thank you for your kind words and positive feedback on our work. We appreciate your 

suggestion to include the logistic regression equation with coefficients as an appendix or 

supplementary data. In our study, we did not include the regression equation for the following 

reasons:  

 

1. We used 10-fold cross validation to internally validate our model, therefore there would be 10 

different regression equations.  

 

2. The aim of our study was to identify predictors of frequent hospital admission risk instead of 

deriving a predictive risk score. As part of future work, we will work on deriving a parsimonious risk 

score for frequent hospital admission risk that may be externally validated in other healthcare settings.  
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We have revised the manuscript slightly in paragraph 1, pg. 11 to better reflect this point.  

 

We hope this would be acceptable to the reviewer.  

 

 

Response to Reviewer #5  

 

The authors have addressed all my comments.  

 

Author Reply: Thank you for accepting our revisions. 
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