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There are four values related to predictive validity that can be considered when choosing a fall-risk assessment tool and/or a cut-point for the tool: sensitivity, specificity, positive predictive value, and negative predictive value. This worksheet will help you apply these concepts to fall risk assessment tools. It may help you select a fall risk assessment tool for your organization, as well as select an appropriate cut-point to identify patients at risk.

Sensitivity is the test’s ability to obtain a positive test when the target condition is truly present. (Out of all those who are fallers, what percentage get a positive test?)
Specificity is the test’s ability to obtain a negative test when the condition is truly absent. (Out of all those who are nonfallers, what percentage get a negative test?)

Generally, a test that has both high sensitivity and specificity is desirable, but sensitivity and specificity have limitations due to the existence of false positives and false negatives. 
· A highly sensitive test may also generate many false positives. (Almost everybody is considered at high risk!)
· A highly specific test may also generate many false negatives. (We are missing patients at risk!)

Thus, clinicians should also consider positive and negative predictive values. Similar to sensitivity and specificity, high values of positive and negative predictive value are desirable. 

Positive predictive value is the probability that a person who tests positive actually has the target condition. (Out of all those with a positive test result, what percentage are fallers?)
Negative predictive value is the probability that a person who tests negative does not have the target condition. (Out of all those with a negative test result, what percentage are nonfallers?)

These four statistics are often reported in research studies that validate fall risk assessment tools. However, you should also consider the similarity of the patients used in the research compared to your organization’s patient population. It may be of value to calculate the sensitivity, specificity, and predictive value of a fall risk assessment tool using a sample of patients from your facility and the steps below. Further, doing so can help you explore the effects of different cut points to categorize who would be considered positive (at risk) vs. negative (not at risk).

1. Retrospectively identify the medical records and other existing data (e.g. incident reports) for 30 – 50 patients who fell within a given time frame (e.g. the past 2-3 years). The more falls you have, the better, as your estimate will be more accurate.
2. Randomly select the medical records for the same number of patients who did not fall and were in the hospital within the same time frame as the fallers.
3. Use data from the medical records (prior to the initial fall) to complete the risk assessment tool under consideration for the fallers and nonfallers.
4. Enter the data into a 2x2 table (see page 4 for a tally sheet). In a 2x2 table, you are combining results of two outcomes: 1) in the rows, you are entering data according to the results of your assessment, and 2) in the columns, you are entering data according to the outcome of interest (fall vs no fall). 

	Assessment Results
	Did the patient fall?
	

	
	Fall
	No Fall
	

	+ Result

	a 
(true +)
	b 
(false +)
	a+b
(Total number of patients with + results)

	- Result

	c 
(false -)
	d 
(true -)
	c+d
(Total number of patients with – results)

	
	a+c
(Total number of patients who fell)
	b+d
(Total number of patients who did not fall)
	a+b+c+d
(Grand total)



5. Calculate values of sensitivity, specificity, positive predictive value, and negative predictive value based on your data. 
· Sensitivity = a/a+c
· Specificity = d/b+d
· Positive predictive value = a/a+b
· Negative predictive value = d/c+d
6. Consider trying different tools and different cut-off scores for these tools. In general, select the tool and cut-point that provides the highest values of the four statistics, but realize that changing the cutpoints will inversely affect the statistics (e.g. a cut-off score that provides better sensitivity will lower the specificity). Also, consider the best balance between true positives and false positives, as well as true negatives and false negatives. For example, a cut-off score that results in better sensitivity can also lead to more false positives, resulting in resources allocated for patients that may not need those resources. A cut-off score that results in better specificity can also lead to more false negatives, resulting in interventions not being used for patients who will likely fall. Lastly, realize that no tool will correctly classify patients with 100% accuracy! 

Below are two examples using two different cut-off scores for the Morse Fall Risk Assessment Scale: (1) a score > 45 is considered positive for fall risk and (2) a score > 60 is considered positive for fall risk. With the cut-off score of 60, fewer people will be considered positive for fall risk. These numbers are provided as examples only and do not constitute a recommendation for use of any particular cut-off score in your organization. 

Example 1. 
Step 1. From your population of 50 fallers….
1) Enter into cell “a” the number of fallers who would have had a score > 45. In our example, this number = 35. This is the number of “true positive” results because these patients were fallers, and the risk assessment classified them as fallers. 
2) Enter into cell “c” the number of fallers who would have had a score < 45. In our example, this number = 15. This is the number of “false negative” results because these patients were fallers, but the risk assessment classified them as not at risk of falling. 

Step 2. From your population of 50 nonfallers….
1) Enter into cell “b” the number of nonfallers who would have had a score > 45. In our example, this number = 20. This is the number of “false positive” results because these patients were nonfallers, but the risk assessment would have classified them as fallers.
2) Enter into cell “d” the number of nonfallers who would have had a score < 45. In our example, this number = 30. This is the number of “true negative” results because these patients were nonfallers, and the risk assessment classified them as not at risk of falling.

	Assessment Results
	Did the patient fall?
	

	
	Fall
	No Fall
	

	+ Result
(Morse > 45)
	a = 35
(true +)
	b = 20
(false +)
	55

	- Result
(Morse < 45)
	c = 15
(false -)
	d = 30
(true -)
	45

	
	50
	50
	100



Sensitivity 	a/a+c     35/50 = 70%
Specificity 	d/d+b     30/50 = 60%
PV+          	a/a+b     35/55 = 64%
PV-           	d/c+d     30/45 = 67%




Example 2. 
Step 1. From your population of 50 fallers….
1) Enter into cell “a” the number of fallers who would have had a score > 60. In our example, this number = 25. (This number is smaller than that for the cut-off point of 45, because all those fallers who scored between 45-59 are now considered negative.) This is the number of “true positive” results because these patients were fallers and the risk assessment classified them as fallers. 
2) Enter into cell “c” the number of fallers who would have had a score < 60. In our example, this number = 25. (This number is larger than that for the cut-off point of 45, because all those fallers who scored between 45-59 are now considered negative.) This is the number of “false negative” results because these patients were fallers but the risk assessment classified them as not at risk of falling. 

Step 2. From your population of 50 nonfallers….
1) Enter into cell “b” the number of nonfallers who would have had a score > 60. In our example, this number = 10. (This number is smaller than that for the cut-off point of 45, because all those nonfallers who scored between 45-59 are now considered negative.) This is the number of “false positive” results because these patients were nonfallers, but the risk assessment would have classified them as fallers.
2) Enter into cell “d” the number of nonfallers who would have had a score < 60. In our example, this number = 40. (This number is larger than that for the cut-off point of 45, because all those nonfallers who scored between 45-59 are now considered negative.) This is the number of “true negative” results because these patients were nonfallers and the risk assessment classified them as not at risk of falling.


	Assessment Results
	Did the patient fall?
	

	
	Fall
	No Fall
	

	+ Result
(Morse > 60)
	a = 25
(true +)
	b = 10
(false +)
	35

	- Result
(Morse < 60)
	c = 25
(false -)
	d = 40
(true -)
	65

	
	50
	50
	100



Sensitivity 	a/a+c     25/50 = 50%
Specificity 	d/d+b     40/50 = 80%
PV+          	a/a+b     25/35 = 71%
PV-           	d/c+d     40/65 = 62%
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	Assessment Results (Enter Test and Cut Point)
	Fall
	No Fall
	Total
	Predictive Values

	Positive Test Result

	Cell a (patient fell and test was +)
True +









	Cell b (patient did not fall but test was +)
False +
	a + b
	Positive Predictive Value = a/a+b

	Negative Test Result
	Cell c (patient fell but test was -)
False -









	Cell d (patient did not fall and test was -)
True -
	c + d 
	Negative Predictive Value = d/c+d

	Total
	a + c
	b + d
	Total

	
	Sensitivity = a/a+c
	Specificity = d/b+d
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