
eAppendix A. Derivation of a Score from the Logistic Regression Model 
 
A score for practical use was derived from the final logistic regression model. Comparing relative values 
of the coefficient of the variables in the logistic model have been used to assign points. For instance, in the 
study by Simonet et al.5, out of 5 variables, 4 of the coefficients were roughly 4 times larger than the 
remaining coefficient, so these 4 variables were assigned 4 points each and the fifth was assigned 1 point 
in the scoring system. However, coefficients which are standardized to the scale of their respective variables 
are generally regarded as more meaningful than unstandardized coefficients. The scoring system developed 
by Beaulieu17 uses a methodology relying on standardized coefficients to assign weights to the final 
variables. Several approaches to standardizing coefficients in logistic regression exist; Menard et al. list 6 
different methods, all of which rely in some manner on the variance of their respective variables.  
 SAS statistical software, which was used in this study, provides standardized estimates of the 
coefficient 𝛽" by 𝛽#"/(𝑠/𝑠"), where 𝑠" is the total sample standard deviation for the ith explanatory variable 
and 𝑠 = 𝜋/√3. Using the standardized logistic regression coefficients (𝛽#"∗) provided by SAS, each factor 
in the final model was assigned a relative weight 𝑤" out of a 20-point scale, using the following formula: 

𝑤" = 20 ∗ 𝛽#"∗/0𝛽#"∗ 
While any scale could have been used, a 20-point scale was chosen as the best balance between 
discrimination (to allow enough separation between factors) and ease-of-use; a smaller scale might not 
ensure that all coefficients could be rounded to representative integers, whereas a larger scale might be 
cumbersome to use. Beaulieu17 also used a 20-point scale.  
 For the 14 variables included in the final model, eAppendix Table 1 summarizes the original 
coefficient estimates, the standardized coefficient estimates provided by SAS, and the assigned weights. 
 

eAppendix Table 1. Historical Clinical and Health Services Variables for the Cohort 

Variable Coefficient 
Estimate (𝜷2𝒊) 

Standardized 
Coefficient 
Estimate (𝜷2𝒊∗) 

Weight 
(𝒘𝒊) 

Age  0.019 0.142 4.255 
Sex (Female) -0.176 -0.019 -0.570 
Current Diagnosis: Neoplasms 0.998 0.114 3.432 
Current Diagnosis: Diseases of the Nervous System 0.926 0.063 1.904 
Current Diagnosis: Diseases of the Musculoskeletal System and 
Connective Tissue 0.936 0.095 2.858 

Number of Diagnoses (Current) 0.141 0.290 8.692 
Previous Diagnosis: Diseases of the Circulatory System -0.615 -0.120 -3.591 
Previous Diagnosis: External Causes of Injury and Supplemental 
Classification 0.947 0.113 3.396 

Previous Discharge Disposition: Community Hospital 2.335 0.059 1.775 
Previous Discharge Disposition: VA Medical Center 1.439 0.148 4.429 
Previous Discharge Disposition: VA Nursing Home Care Unit 1.279 0.062 1.868 
Comorbidity: Hypertension, Uncomplicated -0.486 -0.133 -3.981 
Comorbidity: Hypertension, Complicated -1.175 -0.225 -6.765 
Comorbidity: Other Neurological Disorders 0.530 0.077 2.300 

 
 The score for a patient would then be the sum of these weights (if the corresponding factors were 
present for that patient). These weights were rounded to integer values for ease of addition in practice. 
Instead of an ad hoc approach, we performed this rounding using an optimization approach. In deciding 
whether to round each weight up or down to the nearest integer value, our objective was to maximize the 
correlation between the total score for a patient and the predicted probability of discharge to a facility for 



that patient from the logistic regression model (across all records in the derivation data set). This was chosen 
as the objective to ensure that the score was as faithful a representation of the logistic regression model as 
possible. Due to rounding, some inherent loss of accuracy is unavoidable in the score; however, in general, 
a higher score should correlate with a higher underlying probability of discharge to a facility and vice-versa. 
This can be captured by maximizing the correlation between the 2, measured using the Pearson correlation 
coefficient, ρ.  
 In developing the score, continuous predictors (age and number of diagnoses) were separated into 
sub-categories based on the distribution of the data. In both cases, 4 sub-categories were formed; the 
division points were created following the standard deviations of the underlying variables (x≤µ-2σ, x≤µ-σ, 
x≤µ+σ, x>=µ+2σ). This resulted in the 4 mutually exclusive sub-categories shown in the score in Appendix 
A. The rounded weight assigned to each parent continuous predictor was then divided among the sub-
categories; these divisions were considered as additional decision variables in the optimization. For 
example, if age was rounded to 5 points, then the 4 sub-categories of age must be assigned some 
combination of the weights 1, 1, 1, and 2 (summing up to 5). The sum of all the rounded weights in the 
score was constrained to be 20, ensuring that if a patient exhibited all predictors from the final model, they 
would be assigned a score of 20. 
 The optimization is presented below with notations and bounds summarized in eAppendix Tables 
2 and 3. 
 

eAppendix Table 2. Notation for the Optimization Model 
Decision 
Variable 

Description 

𝑤"∗ Rounded weight assigned to each final predictor i 
𝑤567∗  Rounded weight assigned to the final predictor age 
𝑤8"56∗  Rounded weight assigned to the final predictor number of diagnoses 
𝑦:∗ Weight assigned to each of the 4 age sub-categories 
𝑧<∗  Weight assigned to each of the 4 number of diagnoses sub-categories 
𝑆> Score for patient p  
𝑆# Vector comprising of scores, Sp, across all patients p 

Parameter Description 
I Set of final predictors; 𝑖 ∈ 𝐼 
J Set of sub-categories for age; 𝑗 ∈ 𝐽 
K Set of sub-categories for number of diagnoses; 𝑘 ∈ 𝐾 
P Set of patient records; 𝑝 ∈ 𝑃 
𝑢" Upper limit of each rounded weight i** 
𝑙" Lower limit of each rounded weight i** 
𝑢567 Upper limit of the rounded weight for age** 
𝑙567 Lower limit of the rounded weight for age** 
𝑢8"56 Upper limit of the rounded weight for number of diagnoses** 
𝑙8"56 Lower limit of the rounded weight for number of diagnoses** 
𝛼"> Indicator if predictor i is present for patient p 
𝛽:> Indicator if patient p falls into age sub-category j 
𝛾<> Indicator if patient p falls into number of diagnoses sub-category k 
𝑃> Predicted probability of patient discharge to a facility from the final regression model 
𝑃L Vector comprising of predicted probabilities, Pp, across all patients p 

 
** See eAppendix Table 3 for upper and lower bounds on the rounded weights. Notice that these were set 
to the nearest integer values bounding each fractional weight 𝑤",	𝑤567, or 𝑤8"56. 



eAppendix Table 3. Upper and Lower Bounds on Rounded Weights 

Variable 
Upper Bound 
on Rounded 
Weight (𝒖𝒊) 

Lower Bound 
on Rounded 
Weight (𝒍𝒊) 

Age  5 4 
Sex (Female) 0 -1 
Current Diagnosis: Neoplasms 4 3 
Current Diagnosis: Diseases of the Nervous System 2 1 
Current Diagnosis: Diseases of the Musculoskeletal System and 
Connective Tissue 3 2 

Number of Diagnoses (Current) 9 8 
Previous Diagnosis: Diseases of the Circulatory System -3 -4 
Previous Diagnosis: External Causes of Injury and Supplemental 
Classification 4 3 

Previous Discharge Disposition: Community Hospital 2 1 
Previous Discharge Disposition: VA Medical Center 5 4 
Previous Discharge Disposition: VA Nursing Home Care Unit 2 1 
Comorbidity: Hypertension, Uncomplicated -3 -4 
Comorbidity: Hypertension, Complicated -6 -7 
Comorbidity: Other Neurological Disorders 3 2 

 
Objective:  max

	
		 ρ(𝑆#, 𝑃L)	 

 
Subject to:  𝑆> = ∑ 𝛼">𝑤"∗"∈V + ∑ 𝛽:>𝑦:∗:∈X + ∑ 𝛾<>𝑧<∗<∈Y 								∀𝑝 

𝑙" ≤ 𝑤"∗ ≤ 𝑢"								∀𝑖 
𝑙567 ≤ 𝑤567∗ ≤ 𝑢567 
𝑙8"56 ≤ 𝑤8"56∗ ≤ 𝑢8"56 

0𝑦:∗
:∈X

= 𝑤567∗  

0𝑧<∗
<∈Y

= 𝑤8"56∗  

0𝑤"∗
"∈V

+ 𝑤567∗ + 𝑤8"56∗ = 20 

𝑤"∗, 𝑤567∗ , 𝑤8"56∗ , 𝑦:∗, 𝑧<∗ ∈ 𝑍						∀𝑖, 𝑗, 𝑘 
 
 The objective, as noted previously, is to maximize the Pearson correlation between the assigned 
scores and the predicted probabilities from the final logistic regression model. The first constraint defines 
the score for each patient; the next 3 bound each rounded weight. The fifth and sixth constraints ensure that 
the combined weights allocated to the sub-categories within the 2 continuous predictors must equal the total 
rounded weight allocated to the parent continuous predictor (i.e., age and number of diagnoses). The 
seventh constraint ensures that the rounded weights assigned to all the final predictors sum to 20, keeping 
to the 20-point scale. The last constraint ensures that the rounded weights for predictors and sub-categories 
to take on positive or negative integer values (i.e., they belong to the set of integers, Z). 
 Since the coefficients in the logistic regression model (and the corresponding factor score weights) 
could be either positive (predictive of discharge to a facility) or negative (protective factors), we separated 
them into 2 positive additive subtotals in the scoring tool, 1 for the predictive factors and 1 for the protective 
factors. The latter is then subtracted from the former to get the final score for a patient. Clinical practitioners 
were consulted in order to ensure that the questions relating to each factor from the model were phrased in 
a way that have clinical and practical relevance to the care providers on the unit.  



 We then determined a threshold value beyond which the patient was likely to be discharged to a 
facility, considering an acceptable sensitivity and specificity of the score suggested by our medical 
collaborators. SAS v9.4 was used for all statistical analyses.  
 
Reference 
Menard S. Six approaches to calculating standardized logistic regression coefficients. Am Stat. 
2004;58(3):281-223. doi: 10.1198/000313004X946. 
  



eAppendix B. A Score for Determination of Discharge to a Facility within 24 Hours of 
Admission to General Medicine 

 
Was patient admitted from a VA Nursing Home Care Unit (NHCU)?      
  If YES, patient should be treated as a discharge to a facility  
  If NO, use the score below: 

 
Factors predicting discharge to a facility Points  
How old is the patient?  __________ 

56 or younger 1  
57 to 70 2  
71 to 84 3  
85 or older 4  

Does the patient’s current primary diagnosis fall into one of the 
following categories?  __________ 

Diseases of the nervous system  2  
Neoplasms 3  
Diseases of the musculoskeletal system and connective tissue 3  

 How many active diagnoses are being addressed on admission?  __________ 
5 or fewer 1  
6 to 10 3  
11 to 14 6  
15 or more 8  

If the patient was discharged from the hospital within the last 12 
months was the primary diagnosis “external causes of injury and 
supplemental classification” (E and V ICD-9 codes)? 

4 
__________ 

If the patient was discharged from the hospital within the last 12 
months, were they discharged to one of the following?  __________ 

Community hospital 1  
VA nursing home care unit  1  
VA medical center 5  

Does the patient currently exhibit the comorbidity of “other 
neurological disorders” (ELX 9)?  2 __________ 

   
Subtotal A (sum up the points for the predictive factors)  __________ 

 
Factors predicting discharge to home (protective factors)    
Is the patient female? 1 __________ 
When the patient was last admitted, did the primary diagnosis fall 

under the category of “diseases of the circulatory system”? 3 __________ 

Does the patient currently exhibit one of the following 
comorbidities?   

Hypertension, Uncomplicated (ELX 6) 3 __________ 
Hypertension, Complicated (ELX 7) 6 __________ 
   

Subtotal B (sum up the points for the protective factors)  __________ 
 

  −  =  
 Subtotal A − Subtotal B = Final Score 

   
If Final Score is 5 or greater,  

the patient is more likely to be discharged to a Facility. 
 
 


