Epi 204 -- Problem Set #6
Chapter 7 Problems (Multiple Tests) 

Due 10/28/2021 at 1:15 pm
[bookmark: _Hlk54730935]Do problems #1 – #5 below.
TOTAL 41 POINTS POSSIBLE with 3 points extra credit

Collaboration with your classmates is fine but answer the question in your own words and acknowledge your colleagues.   

For questions with numerical answers, show your calculations, so we can consider giving partial credit even if the final answer is incorrect.  

Problem 1 is in the textbook as 7.3.

Any point assignments are from last year.  They are only a rough guide to this year’s grading.

1. Wells Score and D-Dimer for PE (EBD-2 7.3) [10 points]
Recall from problem 3.3 that a pulmonary embolism (PE) is a blood clot in the lungs.  A PE typically occurs when a blood clot that formed in a leg or pelvic vein breaks off and ends up in the lungs.  This can cause shortness of breath, chest pain, low blood pressure, and death.

For the purposes of this problem, assume that computed tomographic pulmonary angiogram (CTPA) is a perfectly accurate test for PE, but we can’t obtain a CTPA on every emergency department (ED) patient who has a slight possibility of PE; a CTPA involves ionizing radiation, exposure to intravenous contrast, and ties up an imaging resource that may be needed by other ED patients.  Assume that the risks and harms of a CTPA outweigh the benefit of identifying a PE when the probability of PE < 3% (1) We will consider two tests to help decide whether to obtain a CTPA on a patient with symptoms possibly suggestive of PE: 1) the simplified Wells Score, and 2) the plasma D-Dimer level, which we met in problem 3.3.  

For this question, you only need to know that the Wells score stratifies patients into
low-, moderate-, and high-risk groups.  Here are data on the prevalence of PE in 6013 patients in different Wells Score groups.(2)

	Wells Risk Group
	Wells score Range
	PE+
	PE-
	Total
	P(PE|r)

	Low
	< 2
	229
	2513
	2742
	8.4%

	Moderate
	2-5
	586
	2220
	2806
	20.9%

	High
	> 5
	232
	233
	465
	49.9%

	
	
	1047
	4966
	6013
	17.4%



Recall D-Dimer is a protein that appears at higher levels in the blood when the body’s clotting system is activated, so higher values are more suggestive of PE.  Data from the same 6013 patients fit the interval likelihood ratios (iLRs) in this table surprisingly well.

	D-Dimer (ng/ml)
	 

	
	Approximate     iLR

	< 250
	1/16

	250 - 499
	1/8

	500 - 749
	1/4

	750 - 999
	1/2

	1000 - 1499
	1

	1500 - 2499
	2

	2500-4999
	4

	≥5000
	8



Assume that the Wells Score and the D-Dimer are independent conditional on PE+/PE-.

a) For patients like those in this dataset, what is the probability of PE in a patient with a low-risk Wells Score and a D-Dimer 750-999? [1 point]

b) What if the Wells Score is still low-risk but the D-Dimer is 500-749? [1 point]

c) Based on (a) and (b), what is the D-Dimer threshold for getting a CTPA in a patient with a low-risk Wells Score? [2 points]

d) What is the D-Dimer threshold for getting a CTPA in a patient with a moderate-risk Wells Score? [2 points]

e) What is the D-Dimer threshold for getting a CTPA in patient with a high-risk Wells Score? [2 points]

f) You have just derived a decision rule for obtaining a CTPA in an ED patient with symptoms suggestive of PE that uses Wells Score and D-Dimer level.  Summarize the rule in words, a table, or a tree diagram. [2 points]


2. Follow up to 7.3 Wells Score and D-Dimer for PE [8 points]
A risk prediction model combines Wells Score and D-Dimer to produce the following PE risk estimates:

Risk Predictions
	
	Wells Risk Group

	D-Dimer (ng/mL)
	High (> 5)
	Mod (2-5)
	Low (<2)

	1000 +
	75.0%
	40.0%
	20.0%

	500 - 999
	33.3%
	10.0%
	4.0%

	<500
	5.0%
	1.0%
	0.4%




Data from 6016 individuals yielded the following proportion with PE:

Observed Proportions with PE
	
	Wells Risk Group

	D-Dimer (ng/mL)
	High (> 5)
	Mod (2-5)
	Low (<2)

	1000 +
	211/351 = 60.1%
	507/1288 = 39.4%
	198/855 = 23.2%

	500 - 999
	16/81 = 19.8%
	67/647 = 10.4%
	29/662 = 4.4%

	<500
	5/33 = 15.2%
	12/871 = 1.4%
	2/1225 = 0.2%





Here is the standard calibration plot:

(Note: I pasted an alternative calibration plot, sometimes called a modified Bland-Altman plot at the end of this problem.  I did this purely for your interest and because I prefer this alternative style of calibration plot.)





a) Which point on the standard calibration plot corresponds to High Wells Risk Group and D-dimer < 500 ng /mL.  (Circle on the plot above.) [1 point]

b) Assume as in Problem 7.3 that these risk estimates are used to guide CTPA, and the threshold probability for obtaining a CTPA is 3%.  What combinations of Wells Risk Group and D-Dimer interval will allow us not to get a CTPA?  (Remember to base this on the estimated risk, not the observed proportion with PE.) [2 points]
	
c) In which risk category (combination of Wells group and D-Dimer interval) if any would miscalibration present a significant problem. Explain your answer. [2 points]

d) Now assume the risk model is used to guide a much riskier and expensive “treatment” than getting a CTPA and your decision threshold probability is 6% instead of 3%.  Which risk category (combination of Wells group and D-Dimer interval), if any, would miscalibration present a significant problem? Explain your answer. [2 points]


Here is the ROC Curve based on estimated risks:


e) In (a) above, you identified the point on the calibration plot corresponding to High Wells Risk Group and D-dimer < 500 ng /mL.  Which segment on the ROC curve corresponds to that point on the calibration plot?  (Circle it above.) [1 point]

FYI Only.  Not necessary for Problem 2.
Here is the modified Bland-Altman calibration plot, which I prefer to the standard plot above.  The observed proportion with PE is on the horizontal rather than vertical axis.  Now, it is easy to see that the risk estimate for the circled group is way too low.





3. Serologic tests for SARS-CoV-2 [9 pts + 3 EC]

One of the ways the human immune system fights viral infections is by forming antibodies to viral proteins, also called antigens.  SARS-CoV-2, the coronavirus that causes COVID-19, has 3 main antigens, N (for Nucleocapsid), S1 (for Spike 1), and S2 (for Spike 2).  Antibodies to these antigens indicate prior infection with SARS-CoV-2 and probable (but not definite) immunity to re-infection.  We will refer to a previously infected person as D+ and a person who was not previously infected as D-.
As of 6/27/2020, the UCSF clinical laboratory has 3 antibody tests for prior infection with SARS-CoV-2.   Your patient’s specimen is tested on all 3:

	Test
	Antibodies to
	Sensitivity
	Specificity
	Patient's Result

	Abbott
	N
	0.96
	0.99
	Positive

	Diasorin
	S1/S2
	0.87
	0.98
	Negative

	Roche
	N
	0.88
	0.99
	Result withheld for Part A


 (Sensitivities and specificities as reported by UCSF Clinical Lab.)

Assume the Abbott and Diasorin tests are independent.  In a D- individual, a false positive on Abbott does not affect the probability of a false positive on Diasorin.  Assume that for the patient being tested, the pre-test probability of D+ is 1/200 or 0.5%.

  
A. What is the post-test probability after the results above (Abbott positive, Diasorin negative)? [4 points]

B. The result of the Roche test was positive.  If it is independent of the other 2 tests, what is the post-test probability of D+. [2 points]


C. Extra Credit: Some common colds are caused by human coronaviruses.[footnoteRef:2] Oversimplifying, these cold viruses have somewhat similar N proteins but very different S proteins compared with SARS-CoV-2.  Note that the Abbott and Roche tests both target N protein antibodies.  Assume that, in a D- individual, a false positive on either test for N-protein antibodies is ALWAYS caused by prior infection with a particular cold virus. Antibodies to this cold virus occur in 1% of the population.  False positives on a test for the S1/S2 proteins are unrelated to prior infection with a cold virus. [2:  Corona viruses causing the common cold include: HCoV-HKU1, HCoV-OC43, HCoV-NL63, and HCoV-229E] 

Answer Part B under this new assumption. [+3 points EC]


D. We hypothesized a cold virus with a similar N protein to SARS-CoV-2.  Antibodies to this similar N protein cause all false positives on the Abbott and Roche tests. 
If we studied the specificity of these tests in D- controls who never had the cold virus, what would the specificity be?  Is this a biased estimate?  If so, name the bias and explain. [3 points total: 1 pt for specificity, 1 pt for bias+, 1 pt for name of bias & explanation]

4. Maternal age and Trisomy 21 (Not the same as the version in EBD-2 #7.4) [14 points]

The age at which women first give birth has been increasing in the United States, in some places more than others.  According to the New York Times,(4) our home town of San Francisco has the distinction of having the oldest first-time mothers in the US, at a median age of 32 years.  The youngest first-time mothers in the U.S. are in Todd County, South Dakota with a median age of 20 years.  
As was previously mentioned, maternal age is a strong risk factor for Trisomy 21 (Down syndrome).  Assume that the association between maternal age and Trisomy 21 applies in both San Francisco and Todd County.   
For simplicity, let's dichotomize maternal age at 35 years and pretend that the risk within each of these age strata is uniform (i.e., ignore that within the <35 and ≥ 35 age strata the San Francisco mothers are likely to be older).  Assume that a representative sample of 10,000 first-time mothers in San Francisco have definitive testing for trisomy 21 at 13 weeks’ gestation.  
	San Francisco First-time Pregnancies
	Disease status

	
	Trisomy (D+)
	Normal (D-)
	Total

	Age
	> 35
	40
	3960
	4000

	
	≤ 35
	10
	5990
	6000

	
	Total
	50
	9950
	10000



Risk(D+) = 50/10000 = 0.5%

And an equally representative sample of 10,000 first-time mothers in Todd County have the same testing.  Assume the only difference between the two populations is age.   In SF, 40% of first-time mothers are > 35.  In Todd County, 5% of first-time mothers are > 35.
a) For women > 35 in SF, what is risk of trisomy 21, i.e., P(D+|>35)? [1 point]

b) For women > 35 in Todd County, what is risk of trisomy 21, i.e., P(D+|>35)? [1 point]


c) What is the overall prevalence of trisomy P(D+) at 13 weeks in Todd County?
(Hint: fill out the 2 ´ 2 table below) [2 points]

	Todd County First-Time Pregnancies
	Disease status

	
	Trisomy (D+)
	Normal (D-)
	Total

	Age
	> 35
	
	
	     500

	
	≤ 35
	
	
	   9500

	
	Total
	
	
	10000



Now, we’re going to look at whether the nasal bone is absent on 13-week ultrasound as a test for trisomy (D+).
These are the results for the same representative sample of 10,000 first-time mothers in San Francisco.
	
	Disease status

	
	Trisomy (D+)
	Normal (D-)
	Total

	NBA
	T+
	25
	 250
	 275

	
	T-
	25
	9700
	9725

	
	Total
	 50
	9950
	10000


P(NBA+|D+) = 25/50 = 50.0%
P(NBA+|D-) = 250/9950 = 2.51%

d) In SF, what is the post-test probability of trisomy after a positive NBA test P(D+|T+)? [1 point]

e) Now, you are in Todd County.  Assume (unrealistically) that you don’t know a woman’s age, but on 13-week ultrasound, the nasal bone is absent.  What is the post-test probability of trisomy, P(D+|T+)?  Ignore the possibility of spectrum bias. [2 points]


f) You calculated the risk of trisomy in a woman > 35 in SF (part (a)) and in Todd County (part(b)).  Were your answers to (a) and (b) different?  Then you assumed (unrealistically) that you didn’t know the woman’s age, and you calculated the risk of trisomy when the NBA test was positive in SF (part(d)) and in Todd County (part(e)).  Were your answers to (d) and (e) different?  Explain what’s going on (i.e., what am I thinking?). [3 points]

g) Studies have shown that the sensitivity and specificity of the nasal bone exam is independent of a woman’s age.  What is the probability of Trisomy in an SF woman who is > 35 and whose 13-week ultrasound shows an absent nasal bone?  [2 points]

h) What if a woman with the same age (>35) and test result (absent nasal bone) is in Todd County? [2 points]
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