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Gastric adenocarcinoma is typically diagnosed using upper endoscopy and managed with radical gastrectomy and, in some cases, 

chemoradiation; nevertheless, long-term survival is poor. Researchers in a region with a relatively high incidence of gastric adenocarcinoma are 

evaluating a novel screening test for early detection of the malignancy in high-risk patients. The novel test is based on the measurement of a 

recently discovered serologic marker of gastric adenocarcinoma, MGAc. Based on results of a large study sample of representative high-risk 

patients screened with MGAc and diagnosed with gastric adenocarcinoma, the n1ean survival of patients since time of diagnosis is 8.2 months. A 

review of records shows that, compared to these patients, similar high-risk patients who were diagnosed using the traditional endoscopic modality 

had a statistically significant lower mean survival of 7.1 months, with no statistically significant differences in the rates of radical gastrectomy or in 

the average number or intensity of chemoradiation cycles. Which of the following best explains these results? 

0 A. Lead-time bias 

0 B. Length-time bias 

0 C. Low sensitivity 

0 D. Recall bias 

0 E. Selection bias 
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Gastric adenocarcinoma is typically diagnosed using upper endoscopy and managed with radical gastrectomy and, in some cases, 

chemoradiation; nevertheless, long-term survival is poor. Researchers in a region with a relatively high incidence of gastric adenocarcinoma are 

evaluating a novel screening test for early detection of the malignancy in high-risk patients. The novel test is based on the measurement of a 

recently discovered serologic marker of gastric adenocarcinoma, MGAc. Based on results of a large study sample of representative high-risk 

patients screened with MGAc and diagnosed with gastric adenocarcinoma, the n1ean survival of patients since time of diagnosis is 8.2 months. A 

review of records shows that, compared to these patients, similar high-risk patients who were diagnosed using the traditional endoscopic modality 

had a statistically significant lower mean survival of 7.1 months, with no statistically significant differences in the rates of radical gastrectomy or in 

the average number or intensity of chemoradiation cycles. Which of the following best explains these results? 

A. Lead-time bias (85o/o) 

B. Length-time bias (8%) 

C. Low sensitivity ( 1 % ) 

D. Recall bias (0%) 

E. Selection bias ( 4°/o) 

Omitted 
Correct answer 

A 

Explanation 

I 11. 85% 
I.!!!.. Answered correctty 
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Onset of 
disease 

©USMLEWortd, LLC 

.. 
Detected 

by screening 

Lead-time 
bias 

Typical survival 
period .. .. 

Usual time 
of diagnosis 

.. 
Death 

Apparent survival period 

An ideal screening test detects the disease early enough to allow for an intervention that improves morbidity or mortal ity. However, bias could lead 

to incorrect conclusions about the test. Lead-time bias, a common bias seen with screening tests, occurs when a test diagnoses a disease 

earlier than another test. As a result, the time from diagnosis until death ("apparent survival period") appears prolonged, even though there is no 

actual improvement in survival. 

Compared to traditional endoscopic evaluation, use of the novel serologic test for gastric adenocarcinoma screening was associated with a 

statistically significant apparent increase in survival (since time of diagnosis) by - 1 month (8.2 - 7.1 months); however, the comparable 

gastrectomy rates and chemoradiotherapy courses suggest that the serologic marker had no impact on management or actual (as opposed to 

apparent) survival. In other words, the new test gives the appearance that patients' survival is increased, but only because it is able to diagnose 

the disease earlier; the intervention does not change how long the patients live. 

(Choice B) Length-time bias results when subjects with a rapidly progressive form of disease are less likely to be detected by screening 

compared to those with slowly progressive disease. Patients with slowly progressive disease tend to be asymptomatic for a longer period, 

- - ·- ·- -·---. ·- . --- -·- --- ---· --··· -- . - - ··-··· - .. - - ·- -·-- -- . 
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Compared to traditional endoscopic evaluation, use of the novel serologic test for gastric adenocarcinoma screening was associated with a 

statistically significant apparent increase in survival (since time of diagnosis) by -1 month (8.2 - 7.1 months); however, the comparable 

gastrectomy rates and chemoradiotherapy courses suggest that the serologic marker had no impact on management or actual (as opposed to 

apparent) survival. In other words, the new test gives the appearance that patients' survival is increased, but only because it is able to diagnose 

the disease earlier; the intervention does not change how long the patients live. 

(Choice B) Length-time bias results when subjects w ith a rapidly progressive form of disease are less likely to be detected by screening 

compared to those with slowly progressive disease. Patients with slowly progressive disease tend to be asymptomatic for a longer period, 

increasing the likelihood that they will be diagnosed based on screening rather than clinical symptoms. This may give the impression that 

screening improves disease survival, whereas in actuality it only identifies more benign cases. There is no indication that the patients identified by 

the serologic marker have more benign forms of cancer given their management. 

(Choice C) Sensitivity, the ability of a test to correctly identify patients with a disease, is important for a screening test; a negative result on a 

sensitive test helps to rule out a disease. The comparable gastrectomy rates and chemoradiotherapy courses suggest that the sensitivity of the 

serologic test is likely high, as it identified patients with gastric adenocarcinoma as well as endoscopy did. 

(Choice D) Recall bias can distort the results of a case-control study because the investigators must rely on the accounts of exposure from the 

participants in the study. 

(Choice E) Selection bias often refers to systematic differences between groups in terms of treatment response or prognosis. The high-risk 

patients studied were part of a large and representative study sample, and they had gastrectomy rates and chemoradiotherapy courses 

comparable to those of patients diagnosed endoscopically. This makes selection bias less likely. 

Educational objective: 

Lead-time bias is a common bias seen with screening tests. It occurs when a test diagnoses a disease earlier than another test does. As a result, 

the time from diagnosis until death appears prolonged even though there is no actual improvement in survival. 

Foundations of Independent Practice 

Subject 

Biostatistics & Epidemiology 

System 

Confounding, effect modification , bias, errors 
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A group of investigators is exploring trends in the incidence of coronary heart disease (CHD) in a large population. The investigators studied 

several factors in relation to the incidence of the disease. The relationships between cigarette sales in the population (in average number of 

cigarette packs sold per person per day) and the incidence of CHD (per 1000 people) over time are given on the figure below: 

Which of the following is the best statement concerning the results of the study? 

Q A. Coronary heart disease (CHD) incidence shows no stable trend over time 

Q B. Individuals from this population who quit smoking have a decreased risk of CHD 

Q C. Sales of cigarettes in the population increased over time 

Q D. The plot cannot provide individual-level conclusions 

Q E. There are discordant changes in cigarette sales and CHD incidence 
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A group of investigators is exploring trends in the incidence of coronary heart disease (CHD) in a large population. The investigators studied 

several factors in relation to the incidence of the disease. The relationships between cigarette sales in the population (in average number of 

cigarette packs sold per person per day) and the incidence of CHD (per 1000 people) over time are given on the figure below: 

Cigarettes Sales Time, years 
packs per day per person 

1.5 1970 

1.0 1980 

0.5 1990 

0.1 _ 
2000 

50 60 70 80 90 

locidence of CHO, per 1000 

Which of the following is the best statement concerning the results of the study? 

Q A. Coronary heart disease (CHO) incidence shows no stable trend over time 

Q B. Individuals from this population who quit smoking have a decreased risk of CHD 

Q C. Sales of cigarettes in the population increased over time 

Q D. The plot cannot provide individual-level conclusions 

(j E. There are discordant changes in cigarette sales and CHD incidence 
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Cigarettes Sales Time, years 
packs per day per person 

1.5 1970 

1.0 1980 

0.5 1990 

0.1 _ 
2000 

50 60 70 80 90 

Incidence of CHD, per 1000 

Which of the following is the best statement concerning the results of the study? 

A. Coronary heart disease (CHO) incidence sho\VS no stable trend over time (2°/o) 

B. Individuals from this population who quit smoking have a decreased risk of CHO (33°/o) 

C. Sales of cigarettes in the population increased over time {2o/o) 

0 . The plot cannot provide individual-level condusions (49°/o) 

E. There are discordant changes in cigarette sales and CHO incidence (11%) 

Omitted 11 .. 49% fT\ 06secs 
\.::J Time Spent Correct answer L!!!. Answered correctly -

06/11/2020 
• Last Updated 
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Explanation 

As the graph has 3 axes and only 1 curve, each point plotted on the curve provides information about 3 variables: cigarette sales (in average 

number of cigarette packs sold per day per person), incidence of coronary heart disease (CHO) (per 1000 people), and time (year). For example, 

the top right of the graph shows that, in - 1970, an average of -1 .5 cigarette packs was sold per day per person, and the incidence of CHO was 

-90 per 1000 people. Similarly, the lower left of the graph shows that, in -1990, an average of - 0.5 cigarette packs were sold per day per person, 

and the incidence of CHO was -50 per 1000 people. 

However, no individual-level conclusions can be ascertained from the data. The study described is a typical ecologic (correlational) study 

based on population-level information rather than individual-level information. Applying population-level information to an individual level may 

lead to a bias called ecologic fallacy. 

(Choices A, C, and E) The plot illustrates the temporal trends of cigarette sales and incidence of CHO, both of which appear to have steadily 

declined over time in the population. Because both variables declined progressively, the changes over time are described as concordant, not 

discordant. 

(Choice B) It cannot be concluded d irectly from this plot that quitting smoking decreases the risk of CHO for a person living in this population as 

correlation does not imply causation. For instance, plotting personal computer usage rather than cigarette sales in this population would likely 

show an increasing (rather than a decreasing) trend over time; however, this would not mean that personal computer use decreases the risk of 

CHO. 

Educational objective: 

Ecologic studies give population-level information, not individual-level information. 

Foundations of Independent Practice 

Subject 

Biostatistics & Epidemiology 

System 

opyng I@ .JWorid AD Is 

Principles and methods of epidemiology 
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The drug ad in the exhibit button applies to the next 3 items 

The following advertisement is focused on LDL particle number (LDL-P) testing, a novel new screening method used for assessing LDL. 

Item 1 of 3 

A 54-year-old man comes to the physician for a routine health examination. He has no complaints and feels well. He has a history of 

hypertension and his current medications include aspirin, hydrochlorothiazide, and lisinopril. The patient has smoked 1 pack of cigarettes a day 

for the past 35 years but denies alcohol or illicit drug use. He exercises twice a week and eats a low-fat diet. His father died of a myocardial 

infarction at age 52. His vital signs are within normal limits. Physical examination shows a BMI of 26 kg/nl2 but is otherwise unremarkable. The 

patient is concerned about having a heart attack because of his family history. The physician considers obtaining the patient's LDL-P levels. 

Based on the advertisement, 95% of patients will most likely have LDL-P levels that lie between which of the following limits? 

Q A. 250 and 550 nmol/L 

Q B. 250 and 500 nmol/L 

Q C. 300 and 500 nmol/L 

Q D. 350 and 500 nmol/L 

Q E. 350 and 450 nmol/L 

Submit 

I View Drug Ad J 
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The drug ad in the exhibit button applies to the next 3 items 

The following advertisement is focused on LDL particle number (LDL-P) testing, a novel new screening method used for assessing LDL. 

Item 1 of 3 

A 54-year-old man comes to the physician for a routine health examination. He has no complaints and feels well. He has a history of 

hypertension and his current medications include aspirin, hydrochlorothiazide, and lisinopril. The patient has smoked 1 pack of cigarettes a day 

for the past 35 years but denies alcohol or illicit drug use. He exercises twice a week and eats a low-fat diet. His father died of a myocardial 

infarction at age 52. His vital signs are within normal limits. Physical examination shows a BMI of 26 kg/nl2 but is otherwise unremarkable. The 

patient is concerned about having a heart attack because of his family history. The physician considers obtaining the patient's LDL-P levels. 

Based on the advertisement, 95% of patients will most likely have LDL-P levels that lie between which of the following limits? 

A. 250 and 550 nmol/L (5%) 

B. 250 and 500 nmol/L (3%) 

C. 300 and 500 nmol/L (62%) 

D. 350 and 500 nmol/L (2%) 

E. 350 and 450 nmol/L (26%) 

Omrtted 
Correct answer 
C 

I 11. 62o/o 
L!!l Answered correctly 

l'7'I 02 secs 
\::J Time Spent 

F=! 04/13/2020 
El Last Updated 

I View Drug Ad J 
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The following advertis 

Item 1 of 3 

A 54-year-old man co 

hypertension and his 

for the past 35 years 

infarction at age 52. 

patient is concerned 

Based on the advertis 

A. 250 and 

B. 250 and 

C. 300 and 

D. 350 and 

E. 350 and 

Omrtted 
Correct answer 
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© 
Advanced LDL p a r ticle analysis 

Next-generation LDL management, today 

A higher LDL particle number (LDL-P) is associated with 

increased cardiovascular risk, independent of LDL 

cholesterol (LDL-C) levels 

, Higher LDL-P increases the likelihood that LDL particles 

wi ll enter and accumulate in the arterial wall and cause 

atherosclerotic disease. 

, Traditional measurement of LDL-C in standard lipid panels 

does not accurately reflect LDL-P. 

, Advanced Particount analysis precisely quantifies LDL-P, 

... 
Answered correctly Last Updated 
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The following advertis 

Item 1 of 3 

A 54-year-old man co 

hypertension and his 

for the past 35 years 

infarction at age 52. 

patient is concerned 

Based on the advertis 

A. 250 and 

B. 250 and 

C. 300 and 

D. 350 and 

E. 350 and 

Omrtted 
Correct answer 
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A higher LDL particle number (LDL-P) is associated with 

increased cardiovascular risk, independent of LDL 

cholesterol (LDL-C) levels 

, Higher LDL-P increases the likelihood that LDL particles 

wil l enter and accumulate in the arterial wal l and cause 

atherosclerotic disease. 

, Traditional measurement of LDL-C in standard lipid panels 

does not accurately reflect LDL-P. 

, Advanced Particount analysis precisely quantifies LDL-P. 

accurately assessing the risk of cardiovascular events. 

"As traditionally measured, LDL cholesterol levels 

may not accuratefy reflect the true burden of 

atherogenic LDL particles." 

Answered correctly Time Spent Last Updated 



• 

1 

2 

s 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

The following advertis 

Item 1 of 3 

A 54-year-old man co 

hypertension and his 

for the past 35 years 

infarction at age 52. 

patient is concerned 

Based on the advertis 

A. 250 and 

B. 250 and 

C. 300 and 

D. 350 and 

E. 350 and 

Omrtted 
Correct answer 
C 
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wil l enter and accumulate in the arterial wal l and cause 

atherosclerotic disease. 

, Traditional measurement of LDL-C in standard lipid panels 

does not accurately reflect LDL-P. 

, Advanced Particount analysis precisely quantifies LDL-P, 

accurately assessing the risk of cardiovascular events. 

"As traditionally measured, LDL cholesterol levels 

may not accurately reflect the true burden of 

atherogenic LDL particles." 

-2009 American Academy of Cardiologists consensus statement 

Please visit www.usmleworld.com/Partlcount or call 1-800-SSS· 1234 
to find out more about Partlcount, the nex t..-generation fn LOL management. 
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The following advertis 

Item 1 of 3 

A 54-year-old man co 
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infarction at age 52. 

patient is concerned 

Based on the advertis 

A. 250 and 

B. 250 and 

C. 300 and 

D. 350 and 

E. 350 and 
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© 
Advanced LDL particle analysis 

Tracking clinical outcomes based on LDL-P 

Results from the Combined Study of Atherosclerosis 

in Diverse Ethnicities (COSADE) 

The study was conducted on a multi-ethnic cohort consisting of 5584 

individuals w ithout clinical cardiovascular disease at study onset. 

LDL-C & LDL-P levels were measured at the onset of the study. 

The LDL-C mean was 100 mg/dl (standard deviation: 20 mg/dl). 

The LDL-P mean was 400 nmol/L (standard deviation: 50 nmol/L). 

LDL-C & LDL-P levels were normally distributed. 

The cumulative incidence of cardiovascular events was tracked and 

compared with patient LOL-P and LDL-C levels. 
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High LDL-P 
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The following advertis 
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A 54-year-old man co 

hypertension and his 

for the past 35 years 

infarction at age 52. 

patient is concerned 

Based on the advertis 
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C. 300 and 
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Results from the Combined Study of Atherosclerosis 

in Diverse Ethnicities {COSADE) 

The study was conducted on a multi-ethnic cohort consisting of 5584 

individuals w ithout clinical cardiovascular disease at study onset. 

LDL-C & LDL-P levels were measured at the onset of the study. 

The LDL-C mean was 100 mg/dl (standard deviation: 20 mg/dl). 

The LDL-P mean was 400 nmol/ L (standard deviation: SO nmol/L). 

LDL-C & LDL-P levels were normally distributed. 

The cumulative incidence of cardiovascular events was tracked and 

compared with patient LDL-P and LDL-C levels. 
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The LDL-P mean was 400 nmol/ L (standard deviation: SO nmol/L). 

LDL-C & LDL-P levels were normally distributed. 

The cumulative incidence of cardiovascular events was tracked and 

compared with patient LDL-P and LDL-C levels. 
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The drug ad in the exhibit button applies to the next 3 items 

The following advertisement is focused on LDL particle number (LDL-P) testing, a novel new screening method used for assessing LDL. 

Item 1 of 3 

A 54-year-old man comes to the physician for a routine health examination. He has no complaints and feels well. He has a history of 

hypertension and his current medications include aspirin, hydrochlorothiazide, and lisinopril. The patient has smoked 1 pack of cigarettes a day 

for the past 35 years but denies alcohol or illicit drug use. He exercises twice a week and eats a low-fat diet. His father died of a myocardial 

infarction at age 52. His vital signs are within normal limits. Physical examination shows a BMI of 26 kg/nl2 but is otherwise unremarkable. The 

patient is concerned about having a heart attack because of his family history. The physician considers obtaining the patient's LDL-P levels. 

Based on the advertisement, 95% of patients will most likely have LDL-P levels that lie between which of the following limits? 

A. 250 and 550 nmol/L (5%) 

B. 250 and 500 nmol/L (3%) 

C. 300 and 500 nmol/L (62%) 

D. 350 and 500 nmol/L (2%) 

E. 350 and 450 nmol/L (26%) 

Omrtted 
Correct answer 
C 

I 11. 62o/o 
L!!l Answered correctly 

l'7'I 02 secs 
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..__ _____ 95o/o of data 

'-------------99.7% of data------------' 

©UWor1d 

The advertisement compares the levels of LDL-C and LDL-P and the risk of developing cardiovascular disease over a 5-year period. According to 

the advertisement, the levels of LDL-P and LDL-C were normally distributed, with LDL-P having a n1ean of 400 nmol/L and a standard deviation of 

50 nmol/L 

A norn1al distribution is defined as a symmetrical, bell-shaped distribution curve. The degree of dispersion around the mean is given by the 

standard deviation. Wider distributions have larger standard deviations, and narrower distributions have smaller standard deviation values. 

Normal distributions have a fixed proportion of observations lying within a certain number of standard deviations from the mean. For instance, 

95°/o of all observations lie within 2 standard deviations of the mean. In this case, 950/o of patients would have an LDL-P value between 300 and 

500 nmol/L (mean of 400 ± 2 standard deviations of 50). 

(Choice A) 99. 7% of all observations lie w ithin 3 standard deviations from the mean. 

(Choices Band D) These limits are asymmetric and therefore do not correspond to the standard 68%, 95%, and 99.7°/o proportions given by 

symmetric standard deviation bounds. 

(Choice E) 68% of all observations lie within 1 standard deviation from the mean. 

Educational objective: 

In a normal (bell-shaped) distribution curve, 68°/o of observations lie within 1 standard deviation of the n1ean, 95°/o of observations lie within 2 

standard deviations of the mean, and 99.7% of observations lie within 3 standard deviations of the mean. 

Foundations of Independent Practice 

Subject 

Biostatistics & Epidemiology 

System 

opyng I@ .JWorid AD Is 

Binomial and poisson distribution 

Topic 
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Item 2 of 3 

Based on the study shown in the advertisement, initial levels of LDL-C and LDL-P were obtained in 5584 individuals and the cumulative incidence 

of cardiovascular events was tracked. Which of the following choices best identifies the study design used in the advertisement? 

I View Drug Ad I 

Q A Case-control study 

0 B. Cross-sectional study 

0 C. Prospective cohort study 

0 D. Randomized clinical trial 

0 E. Retrospective cohort study 
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Advanced LDL particle analysis 

Next-generation LDL management, today 

A higher LDL particle number (LDL-P) is associated with 

increased cardiovascular risk, independent of LDL 

cholesterol (LDL-C) levels 

• Higher LOL-P increases the likelihood that LOL particles 

will enter and accumulate in the arterial wall and cause 

atherosclerotic disease. 
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• Higher LDL-P increases the likelihood that LDL particles 

will enter and accumulate in the arterial wal l and cause 

atherosclerotic disease. 

• Traditiona l measurement of LDL-C in standard lipid panels 

does not accurately reflect LDL-P. 

• Advanced Particount analysis precisely quantifies LDL-P, 

accurately assessing the risk of cardiovascular events. 

"As traditionally measured, LDL cholesterol levels 

may not accurately reflect the true burden of 

atherogenic LDL particles." 

• 

• 
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does not accurately reflect LDL-P. 

• Advanced Particount analysis precisely quantifies LDL-P, 

accurately assessing t he risk of cardiovascular events. 

"As traditionally measured, LDL cholesterol levels 

may not accurately reflect the true burden of 

atherogenic LDL particles." 

-2009 American Academy of Cardiologists consensus statement 

Please visit www.usmleworfd.com/Partlcount or call 1-800-SSS· 1234 
to find out more about Particount, the next-generation in LDL management. 
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Advanced LDL particle ana l ysis 

Tracking clinical outcomes based on LDL-P 

Results from the Combined Study of Atherosclerosis 

in Diverse Ethnicities (COSADE) 

• The study was conducted on a multi-ethnic cohort consisting of 5584 

individuals without clinical cardiovascular disease at study onset. 

• LDL-C & LDL-P levels were measured at the onset of the study. 

The LDL·C mean was 100 mg/dl (standard deviation: 20 mg/dL). 

The LDL-P mean was 400 nmol/L (standard deviation: 50 nmol/ L). 

LDL-C & LDL-P levels were normally distributed. 
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Item 2 of 3 

Based on the study shown in the advertisement, initial levels of LDL-C and LDL-P were obtained in 5584 individuals and the cumulative incidence 

of cardiovascular events was tracked. Which of the following choices best identifies the study design used in the advertisement? 

A . Case-control study (3%,) 

B. Cross-sectional study (4°/o) 

C. Prospective cohort study (87%) 

0 . Randomized clinical trial (1o/o) 

E. Retrospective cohort study (2%) 

Omitted 
Correct answer 
C 

Explanation 

' "· 87% I.!.!!.. Answered correctly 
(T'\ 21 secs 
\.::) Time Spent • 

I View Drug Ad I 

04/13/2020 
Last Updated 

The advertisement describes a study consisting of 5584 individuals without pre-existing cardiovascular disease who were categorized into study 

groups based on their LDL-P and LDL-C levels. They were then monitored for 5 years to assess the incidence of cardiovascular events. This is 

consistent with a prospective cohort study. In a prospective cohort study, a group of subjects (ie, the cohort) is selected and their exposure status 

is determined (eg, low LDL or high LDL). The cohort is then followed for a certain period and observed for development of the outcome (eg, 
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Explanation 

The advertisement describes a study consisting of 5584 individuals without pre-existing cardiovascular disease who were categorized into study 

groups based on their LDL-P and LDL-C levels. They were then monitored for 5 years to assess the incidence of cardiovascular events. This is 

consistent w ith a prospective cohort study. In a prospective cohort study, a group of subjects (ie, the cohort) is selected and their exposure status 

is determined (eg, low LDL or high LDL). The cohort is then followed for a certain period and observed for development of the outcome (eg, 

cardiovascular events). 

(Choice A) A case-control study is designed by selecting patients with a particular disease (cases) and patients without that disease (controls) 

and then retrospectively determining their exposure status. 

(Choice B) A cross-sectional study, also known as a prevalence study, is characterized by the simultaneous measurement of an exposure and 

outcome within a specific population. It is a ' snapshot study" that frequently uses surveys, making it relatively inexpensive and easy to perform. 

(Choice D) A randomized clinical trial directly compares 2 or more treatments. The subjects are usually randomly assigned to a treatment group 

or control group and then monitored for development of the outcome of interest. 

(Choice E) In a retrospective cohort study, the exposure status is determined at a particular point in the past and patients are tracked 

retrospectively, typically through their medical records. 

Educational objective: 

Prospective cohort studies are organized by selecting a group of individuals (ie, the cohort), determining their exposure status, and then following 

them over time for development of the d isease of interest. 
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. . 
The patient's fasting serum lipid profile and LDL-P levels are as follows: 

Total cholesterol 220 mg/dl 

High-density lipoprotein 50 n1g/dl 

Low-density lipoprotein 140 mg/dl 

Triglycerides 

LDL-P 

150 mg/dl 

610 nmol/L 

Given these results combined with the patient's risk factors for cardiovascular disease, the physician discusses lifestyle modifications with the 

patient and decides to start him on a statin. The treatment of his lipids for the prevention of n1yocardial infarction is an example of which of the 

following? 

I View Drug Ad I 

Q A. Primordial prevention 

0 B. Primary prevention 

0 C. Secondary prevention 

0 D. Tertiary prevention 

0 E. Quaternary prevention 
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Item 3 of 3 

The patient's fasting serum lipid profile and LDL-P levels are as follows: 

Total cholesterol 220 mg/dl 

High-density lipoprotein 50 n1g/dl 

Low-density lipoprotein 140 mg/dl 

Triglycerides 150 mg/dl 

LDL-P 610 nmol/L 

Given these results combined with the patient's risk factors for cardiovascular disease, the physician discusses lifestyle modifications with the 

patient and decides to start him on a statin. The treatment of his lipids for the prevention of n1yocardial infarction is an example of which of the 

following? 

I View Drug Ad I 

Q A. Primordial prevention 

0 8. Primary prevention 

0 C. Secondary prevention 

0 D. Tertiary prevention 

0 E. Quaternary prevention 
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Item 3 of 3 

The patient's fasting serum lipi 

Given these results combined 

patient and decides to start hi 

following? 

Q A. Primordial preven 

Q 8. Primary preventio 

0 C. Secondary preve 

Q 0 . Tertiary preventio 

Q E. Quaternary preve 
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does not accurately reflect LDL-P. 

• Advanced Particount analysis precisely quantifies LDL-P, 

accurately assessing the risk of cardiovascular events. 

"As traditionally measured, LDL cholesterol levels 

may not accurately reflect the true burden of 

atherogenic LDL particles." 

-2009 American Academy of Cardiologists consensus statement 

Please visit www.usmleworld.com/Partlcount or call 1-800-555-1234 
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Item 3 of 3 

The patient's fasting serum lipi 

• • 

Given these results combined 

patient and decides to start hi 

following? 

Q A. Primordial preven 

Q 8. Primary preventio 

0 C. Secondary preve 

Q 0 . Tertiary preventio 

Q E. Quaternary preve 
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Advanced LDL particle analysis 

Next-generation LDL management, today 

A higher LDL particle number (LDL-P) is associated with 

increased cardiovascular risk, independent of LDL 

cholesterol (LDL-C) levels 

• Higher LOL-P increases the likelihood that LOL particles 

will enter and accumulate in the arterial wall and cause 
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Item 3 of 3 

The patient's fasting serum lipi 

Given these results combined 

patient and decides to start hi 

following? 

Q A. Primordial preven 

Q 8. Primary preventio 

0 C. Secondary preve 

Q 0 . Tertiary preventio 

Q E. Quaternary preve 
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atherosclerotic disease. 

• Traditional measurement of LDL-C in standard lipid panels 

does not accurately reflect LDL-P. 

• Advanced Particount analysis precisely quantifies LDL-P, 

accurately assessing the risk of cardiovascular events. 

"As traditionally measured, LDL cholesterol levels 

may not accurately reflect the true burden of 

atherogenic LDL particles." 

-2009 American Academy of Cardiologists consensus statement 
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Item 3 of 3 

The patient's fasting serum lipi 

Given these results combined 

patient and decides to start hi 

following? 

Q A. Primordial preven 

Q 8. Primary preventio 

0 C. Secondary preve 

Q 0 . Tertiary preventio 

Q E. Quaternary preve 
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• Advanced Particount analysis precisely quantifies LDL-P, 

accurately assessing the risk of cardiovascular events. 

"As traditionally measured, LDL cholesterol levels 

may not accurately reflect the true burden of 

atherogenic LDL particles.1' 

-2009 American Academy of Cardiologists consensus statement 

Please visit www.usmleworld.com/Partlcount or call 1-800-555-1234 
to find out more about Partlcount, the next-generation In LDL management. 
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Item 3 of 3 

The patient's fasting serum lipi 

Given these results combined 

patient and decides to start hi 

following? 

Q A. Primordial preven 

Q 8. Primary preventio 

0 C. Secondary preve 

Q D. Tertiary preventio 

Q E. Quaternary preve 
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Advanced LDL particle ana l ysis 

Tracking clinical outcomes based on LDL-P 

Results from the Combined Study of Atherosclerosis 

in Diverse Ethnicities (COSADE) 

• The study was conducted on a multi-ethnic cohort consisting of 5584 

individuals without clinical cardiovascular disease at study onset. 

• LDL-C & LDL-P levels were measured at the onset of the study. 

The LDL-C mean was 100 mg/dl (standard deviation: 20 mg/dl). 

The LDL-P mean was 400 nmol/L (standard deviation: SO nmol/L). 

LDL-C & LDL·P levels were normally distributed. 
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Item 3 of 3 

The patient's fasting serum lipi 

Given these results combined 

patient and decides to start hi 

following? 

Q A. Primordial preven 

Q 8. Primary preventio 
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• The study was conducted on a multi-ethnic cohort consisting of 5584 

individuals without clinical cardiovascular disease at study onset. 

• LDL-C & LDL-P levels were measured at the onset of the study. 

The LDL-C mean was 100 mg/dL (standard deviation: 20 mg/dL). 

The LDL-P mean was 400 nmol/L (standard deviation: SO nmol/L). 

LDL-C & LDL·P levels were normally distributed. 

• The cumulative incidence of cardiovascular events was tracked and 

compared with patient LDL·P and LDL-C levels. 
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Item 3 of 3 

The patient's fasting serum lipi 

Given these results combined 

patient and decides to start hi 

following? 

Q A. Primordial preven 

0 8. Primary preventio 
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Item 3 of 3 

The patient's fasting serum lipid profile and LDL-P levels are as follows: 

Total cholesterol 220 mg/dl 

High-density lipoprotein 50 n1g/dl 

Low-density lipoprotein 140 mg/dl 

Triglycerides 150 mg/dl 

LDL-P 610 nmol/L 

Given these results combined with the patient's risk factors for cardiovascular disease, the physician discusses lifestyle modifications with the 

patient and decides to start him on a statin. The treatment of his lipids for the prevention of n1yocardial infarction is an example of which of the 

following? 

I View Drug Ad I 

A. Primordial prevention (Oo/o) 

8 . Primary prevention (55%) 

C. Secondary prevention ( 40%) 

D. Tertiary prevention (2%) 

E. Quaternary prevention (0%) 
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Preventive medicine strategies are typically described as taking place at the primordial, primary, secondary, tertiary, and quaternary prevention 

levels. This patient is at high risk for cardiovascular events such as myocardial infarction (Ml) and requires treatment of his hyperlipidemia to 

reduce his risk of Ml. This represents primary prevention, as it is action that is undertaken before the patient develops Ml and is targeted at 

preventing occurrence of the disease itself. 

(Choice A) Primordial prevention is defined as the prevention of risk factors themselves. It consists of preventing the conditions in which these 

factors are observed to develop. For example, many risk factors for cardiovascular disease (eg, obesity, hypertension) have their origins in 

childhood as this is the time when lifestyles and habits (eg, eating patterns, physical exercise) are formed. With primordial prevention, efforts are 

directed toward discouraging children fron1 adopting harmful lifestyles. 

(Choice C) Secondary prevention is defined as an action that attempts to halt the progression of a disease at its initial stage before irreversible 

pathological changes take place, thus preventing compl ications . If this patient had existing myocardial ischemia (eg, history of angina, positive 

stress test), statin use would constitute secondary prevention of Ml. 

(Choice D) Tertiary prevention is used when the disease process has advanced beyond the early stages. It is defined as taking all actions 

available to limit impairments and disabilities. Examples of tertiary prevention in patients with significant cardiovascular disease include cardiac 

rehabilitation and revascularization procedures (eg, coronary artery bypass grafting). 

(Choice E) Quaternary prevention is the set of health activities that mitigate and/or limit the consequences of unnecessary or excessive 

intervention by the health systen1. An example of quaternary prevention would be the use of a shared electronic medical record in order to limit 

unnecessary, repeat cardiac catheterization procedures. 

Educational objective : 

Preventive medicine strategies are typically described as taking place at the primordial, primary, secondary, tertiary, and quaternary prevention 

levels. Primary prevention is action taken before a patient develops the disease and is targeted at preventing occurrence of the disease itself. 

Secondary prevention is defined as an action that halts or delays the progression of a disease at its initial stage and prevents complications. 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 
superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized d inical trial 

Blinding: Double-blinded 

Setting: 30 d inics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 
who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 
year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 
screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 
abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 
ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 
were performed on all women in a randomly assigned sequence during the same visit. 
The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

The abstract shown on the left applies to the next 3 items 

A 33-year-old woman con1es to the clinic for a routine health maintenance 

examination. She has no lower abdominal pain, vaginal bleeding, or vaginal 

discharge. Her past medical history is remarkable for 1 episode of uncomplicated 

urinary tract infection treated with a short course of antibiotics. She is currently not 

taking any medications. She has had 5 sexual partners in her life and has used 

barrier contraception the majority of the time. Her latest sexual relationship began 3 

months ago. Her last cervical cancer screening examination was a Pap smear 

performed at the age of 23 that showed no abnormalities. She does not use tobacco, 

alcohol, or illicit drugs. During her visit, she requests screening for cervical cancer 

and appears extremely concerned as her older sister was recently diagnosed with it. 

Item 1 of 3 

Based on the study results, which of the following testing sequences would be most 

effective for ruling out cervical neoplasia in this patient? 

Q A. Perforn1 HPV testing _,. if positive (<'.1 pg HPV DNA/ml), perforn1 Pap 

smear -,. if positive (ASCUS or worse}, refer for biopsy 

Q 8. Perforn1 HPV testing _,. if positive (<'.1 pg HPV DNA/ml), refer for biopsy 

Q C. Perforn1 Pap smear -,. if positive (ASCUS or worse), perforn1 HPV 

testing -,. if positive (<'.1 pg HPV DNA/ml}, refer for biopsy 

Q D. Perform Pap smear -,. if positive (ASCUS or worse), refer for biopsy 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 
superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized d inical trial 

Blinding: Double-blinded 

Setting: 30 d inics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 
who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 
year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 
screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 
abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 
ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 
were performed on all women in a randomly assigned sequence during the same visit. 
The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

The abstract shown on the left applies to the next 3 items 

A 33-year-old woman comes to the clinic for a routine health maintenance 

examination. She has no lower abdominal pain, vaginal bleeding, or vaginal 

discharge. Her past medical history is remarkable for 1 episode of uncomplicated 

urinary tract infection treated with a short course of antibiotics. She is currently not 

taking any medications. She has had 5 sexual partners in her life and has used 

barrier contraception the majority of the time. Her latest sexual relationship began 3 

months ago. Her last cervical cancer screening examination was a Pap smear 

performed at the age of 23 that showed no abnormalities. She does not use tobacco, 

alcohol, or illicit drugs. During her visit, she requests screening for cervical cancer 

and appears extremely concerned as her older sister was recently diagnosed with it. 

Item 1 of 3 

Based on the study results, which of the following testing sequences would be most 

effective for ruling out cervical neoplasia in this patient? 

A. Perforn1 HPV testing _. if positive (~1 pg HPV DNA/ml ), perforn1 Pap 

smear-> if positive (ASCUS or worse), refer for biopsy (35°/o) 

8 . Perform HPV testing _. if positive (~1 pg HPV DNA/ml ), refer for biopsy 

( 44%,) 

C. Perforn1 Pap smear _. if positive (ASCUS or worse), perforn1 HPV 

testing-> if positive ~1 pg HPV DNA/ml}, refer for biopsy (1 7o/o) 

D. Perform Pap smear _. if positive (ASCUS or worse), refer for biopsy 

(3%) 
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Title : Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 
superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized d inical trial 

Blinding: Double-blinded 

Setting: 30 d inics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 
who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 
year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 
screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 
abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 
ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 
were performed on all women in a randomly assigned sequence during the same visit. 
The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

This randomized clinical trial compares cervical cancer screening by DNA testing for 

oncogenic human papillomavirus (HPV) to the Papanicolaou (Pap) test. Patients were 

randomized to receive either a Pap test first or an HPV test first; the tests were then 

performed sequentially during the same visit (both tests were performed for ethical 

reasons). Women with an abnormal Pap test result or a positive HPV test underwent 

colposcopy and biopsy, as did a random sample of women with negative test results. 

An analysis of the diagnostic utility (sensitivity and specificity) of different combinations 

of screening strategies was conducted. 

To exclude cervical neoplasia in this patient, tests with high sensitivity would be the 

most helpful as negative results on such tests help to rule out a diagnosis (SnNout). 

Sensitivity is the ability of a test to correctly identify patients with the disease_ Highly 

sensitive tests are the most likely to detect a disease and the least likely to give false 

negative results. They are most appropriate for screening. 

Among the answer choices listed, the strategy of screening only with HPV testing 

followed by colposcopy and biopsy in case of a positive result e1 pg HPV DNA/ml} 

had the highest sensitivity at 97.4% (Table). The HPV and Pap co-testing strategy 

had a sensitivity of 100o/o, but this is not listed as an answer choice (see Exhibit). 

(Choice A) HPV screening followed by Pap triage in case of a positive HPV result 

had a lower sensitivity at 53.8%, so this strategy would not be ideal for screening 

purposes. This strategy had a high specificity (99.1%), which is helpful for 

confirmatory (rather than screening) tests. 

(Choice C) Pap screening followed by HPV triage had a sensitivity of 53.8%. 

(Choice D) Screening with Pap only (with positivity defined as ASCUS or worse) had 

a sensitivity of 56.4%. 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 
superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized d inical trial 

Blinding: Double-blinded 

Setting: 30 d inics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 
who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 
year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 
screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 
abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 
ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 
were performed on all women in a randomly assigned sequence during the same visit 
The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

of screening strategies was conducted. 

To exclude cervical neoplasia in this patient, tests with high ~ensiti vity would be the 

most helpful as negative results on such tests help to rule out a diagnosis (SnNout). 

Sensitivity is the ability of a test to correctly identify patients with the disease. Highly 

sensitive tests are the most likely to detect a disease and the least likely to give false 

negative results. They are most appropriate for screening . 

Among the answer choices listed, the strategy of screening only with HPV testing 

followed by colposcopy and biopsy in case of a positive result ~1 pg HPV DNA/ml) 

had the highest sensitivity at 97.4% (Table). The HPV and Pap co-testing strategy 

had a sensitivity of 100o/o, but this is not listed as an answer choice (see Exhibit). 

(Choice A) HPV screening followed by Pap triage in case of a positive HPV result 

had a lower sensitivity at 53.8°/o, so this strategy would not be ideal for screening 

purposes. This strategy had a high speeificity (99.1%), which is helpful for 

confirmatory (rather than screening) tests. 

(Choice C) Pap screening followed by HPV triage had a sensitivity of 53.8%. 

(Choice DJ Screening with Pap only (with positivity defined as ASCUS or worse) had 

a sensitivity of 56. 4 %. 

Educational objective: 

A negative result on a highly sensitive diagnostic test helps to rule out a diagnosis. 

Foundations of Independent Practice 
SubJeci 

Cervical cancer 
Topic 

Biostatistics & Epidemiology 
System 
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of screening strategies was conducted. 

Exhibit Display r5l ~ 

Screening Definition of Positivity Sensitivity (0/o) Specificity (0/o) 
Approach 

/Choice Ol Pao onlv ASCUS or worse 56.4 97.3 
Pao onlv lSll or worse 42.2 99.1 

(Choice Bl HPV onlv i!:1 nn HPV DNA/ml 97.4 94.3 
HPV only i!:2 oa HPV ONA/ml 81 .1 95.5 

(Choice C) Pap screening Triage of all results of 53.8 98.7 
followed by HPV ASCUS or worse; i!:1 pg 
triaae HPV ONA/ml 

(Choice A) HPV screening Triage of all results with i!:1 53.8 99.1 
followed by Pap pg HPV ONA/ml; Pap 
triage threshold of ASCUS or 

worse 
HPVand Pap Pap result of ASCUS or 100 92.5 
co-testing worse, or HPV result of i!:1 

oa HPV ONA/ml 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 
superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized d inical trial 

Blinding: Double-blinded 

Setting: 30 d inics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 
who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 
year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 
screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 
abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 
ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 
were performed on all women in a randomly assigned sequence during the same visit 
The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

Item 2 of 3 

A national government agency is reviewing data from this paper to decide which 

screening method to recommend and fund. However, agency officials realize that the 

prevalence of cervical cancer varies throughout the country. For this reason, a reliable 

epidemiological parameter is needed to compare the significance of negative and 

positive results obtained in individual patients, irrespective of prevalence. Which of the 

following epidemiological parameters would be the most useful in comparing these 

screening tests when applied to individual patients? 

Q A . False positive and negative rates 

0 8. likelihood ratios 

0 C. Odds ratio 

0 D. Predictive values 

0 E. Relative risk 

Submit 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 
superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized d inical trial 

Blinding: Double-blinded 

Setting: 30 d inics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 
who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 
year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 
screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 
abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 
ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 
were performed on all women in a randomly assigned sequence during the same visit 
The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

Item 2 of 3 

A national government agency is reviewing data from this paper to decide which 

screening method to recommend and fund. However, agency officials realize that the 

prevalence of cervical cancer varies throughout the country. For this reason, a reliable 

epidemiological parameter is needed to compare the significance of negative and 

positive results obtained in individual patients, irrespective of prevalence. Which of 

the following epidemiological parameters would be the most useful in comparing these 

screening tests when applied to individual patients? 

A . False positive and negative rates (12%) 

8. likelihood ratios (35°/o} 

C. Odds ratio (8%) 

D. Predictive values (30%,) 

E . Relative risk ( 13%) 

Omitted 
Correct answer 
B 

Explanation 

Iii. 35% fl" 04 secs 
l!!!. Answered correctly \..::/ Time Spenl 

05/12/2020 
• Las! Updated 

The agency officials are looking for an epidemiological parameter that does not vary 

with disease prevalence and provides clinically useful information for individual 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 
superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized dinical trial 

Blinding: Double-blinded 

Setting: 30 dinics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 
who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 
year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 
screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 
abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 
ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 
were performed on all women in a randomly assigned sequence during the same visit. 
The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

The agency officials are looking for an epidemiological parameter that does not vary 

with disease prevalence and provides cl in1cally useful information for individual 

patients. The likelihood ratio (LR) is defined as the probability of a given test result 

occurring in a patient with a disorder compared to the probability of the same result 

occurring in a patient without the disorder. 

LRs are calculated from sensitivity and specificity: 

, For a positive test result Positive LR = sensitivity / (1 - specificity). 

, For a negative test result Negative LR = (1 - sensitivity)/ specificity. 

Just as sensitivity and specificity are independent of disease prevalence, LRs do not 

change with the prevalence of the disease. In addition, LRs can be used to calculate 

post-test odds (post-test odds = pre-test odds• LR), providing clinically relevant 

information for individual patients based on their pre-test odds of disease. 

Other advantages of LRs are that they can be used with tests that have >2 possible 

test results and they can be used to combine the results of multiple diagnostic tests. 

For all these reasons, LRs would be the most appealing choice for the government 

agency officials in this scenario. 

General guidelines for LR interpretation are shown in the Exhibit. 

(Choice A) False positive rate = (1 - specificity) and false negative rate = (1 -

sensitivity). These do not vary with changing prevalence but are not as informative as 

LRs for individual patients. 

(Choice C) An odds ratio is calculated in case-control studies to compare the 

exposure of participants with the disease (cases) to the exposure of those without the 

disease (controls). 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 
superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized d inical trial 

Blinding: Double-blinded 

Setting: 30 d inics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 
who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 
year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 
screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 
abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 
ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 
were performed on all women in a randomly assigned sequence during the same visit 
The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

For all these reasons, LRs would be the most appealing choice for the government 

agency officials in this scenario. 

General guidelines for LR interpretation are shown in the Exhibit. 

(Choice A) False positive rate = (1 - specificity) and false negative rate = (1 -

sensitivity). These do not vary with changing prevalence but are not as informative as 

LRs for individual patients. 

(Choice C) An odds ratio is calculated in case-control studies to compare the 

exposure of participants with the disease (cases) to the exposure of those without the 

disease (controls). 

(Choice D) Positive predictive value (PPV) refers to the probability that a positive test 

result correctly identifies an individual who actually has the disease. Negative 

predictive value (NPV) is the probability that a negative test result correctly identifies 

an individual without the disease. Although useful, both PPV and NPV depend on 

disease prevalence. 

(Choice E) Relative risk is calculated in cohort studies; participants are followed over 

time to assess a risk factor for developing a given disease. Relative risk is the ratio of 

the probability of an outcon1e occurring in the exposed group compared to the 

probabil ity of it occurring in the non-exposed group. 

Educational objective: 

The likelihood ratio (LR) has direct clinical significance and does not change as the 

disease prevalence changes. LRs can also be used to grade the clinical significance 

of various results when >2 different test results are possible. 

References 

• likelihood ratios: a real improvement for clinical decision making? 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
For all these reasons, LRs would be the most appealing choice for the government 

agency officials in this scenario. 
Cancer 

Obj ective:To determine 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 
superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized d inical trial 

Blinding: Double-blinded 

Setting: 30 d inics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 
who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 
year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 
screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 
abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 
ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 
were performed on all women in a randomly assigned sequence during the same visit 
The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

Item 3 of 3 

During the study, women with abnormal Pap test results or a positive HPV test 

underwent colposcopy and biopsy, as did a random sample of women with negative test 

results. The purpose of performing a colposcopy and a biopsy on women with negative 

test results is to reduce which type of bias? 

Q A. Contamination bias 

0 B. Observer bias 

0 C. Selection bias 

0 D. Susceptibility bias 

0 E. Verification bias 

Submit 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 

Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 

superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized dinical trial 

Blinding: Double-blinded 

Setting: 30 dinics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 

who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 

year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 

screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 

abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 

ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 

were performed on all women in a randomly assigned sequence during the same visit 

The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

Item 3 of 3 

During the study, women with abnormal Pap test results or a positive HPV test 

underwent colposcopy and biopsy, as did a random sample of women with negative 

test results. The purpose of performing a colposcopy and a biopsy on women with 

negative test results is to reduce which type of bias? 

A. Contamination bias (2%) 

8 . Observer bias (14%) 

C. Selection bias (33°/o) 

D. Susceptibility bias (8%) 

E. Verification bias ( 40%) 

Omitted 
Correct answer 

E 

Iii. 40% ("0 02 secs 
l!!!. Answered correctly \..::J nme Spent 

Explanation 

i==! 03/12/2020 
El Las! Updated 

Ideally, gold standard testing would be performed in all participants; however, this may 

not be feasible due to ethical, time, and cost concerns, particularly if the gold standard 

method is invasive and associated with an increased risk of con1plications. For 

example, in a study of a new screening test for a certain liver condition where liver 

biopsy is the gold standard, it may not be feasible to perform a biopsy on all patients, 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 
superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized d inical trial 

Blinding: Double-blinded 

Setting: 30 d inics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 
who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 
year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 
screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 
abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 
ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 
were performed on all women in a randomly assigned sequence during the same visit. 
The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

Ideally, gold standard testing would be performed in all participants; however, this may 

not be feasible due to ethical, time, and cost concerns, particularly if the gold standard 

method is invasive and associated with an increased risk of complications. For 

example, in a study of a new screening test for a certain liver condition where liver 

biopsy is the gold standard, it may not be feasible to perform a biopsy on all patients, 

particularly those who have a negative result on the new screening test. Such a 

situation can cause verification bias, or workup bias, a type of measurement bias 

that occurs when a study uses gold standard testing selectively in order to confirm a 

positive (or negative) result of preliminary testing; this can result in overestimates (or 

underestimates) of sensitivity (or specificity). 

A possible method to reduce verification bias is to perform gold standard testing in a 

random sample of participants with negative results, as seen in this study on cervical 

cancer. The results from this analysis can be used to extrapolate the likely number of 

cases that would have been found if all participants with negative screening tests had 

been fully investigated with gold standard testing. 

(Choice A) Contamination bias occurs when the control group unintentionally 

receives the treatment or the intervention, thereby reducing the difference in outcomes 

between the control and treatment group. 

(Choice B) Observer bias occurs when an observer responsible for recording results 

is influenced by prior knowledge about participants or study details. Blinded studies 

(as in this case) usually avoid this bias by preventing observers from knowing which 

treatment or intervention the participants are receiving; this leads to a more objective 

measurement of outcomes. 

(Choice C) Selection bias results from the n1anner in which study participants are 

selected or lost to follow-up. Randomization in a clinical trial reduces selection bias. 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 
Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 
superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized d inical trial 

Blinding: Double-blinded 

Setting: 30 d inics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 
who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 
year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 
screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 
abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 
ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 
were performed on all women in a randomly assigned sequence during the same visit 
The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

A possible method to reduce verification bias is to perform gold standard testing in a 

random sample of participants with negative results, as seen in this study on cervical 

cancer. The results from this analysis can be used to extrapolate the likely number of 

cases that would have been found if all participants with negative screening tests had 

been fully investigated with gold standard testing. 

(Choice A) Contamination bias occurs when the control group unintentionally 

receives the treatment or the intervention, thereby reducing the difference in outcomes 

between the control and treatn1ent group. 

(Choice B) Observer bias occurs when an observer responsible for recording results 

is influenced by prior knowledge about participants or study details. Blinded studies 

(as in this case) usually avoid this bias by preventing observers fron1 knowing which 

treatment or intervention the participants are receiving; this leads to a more objective 

measurement of outcomes. 

(Choice C) Selection bias results from the manner in which study participants are 

selected or lost to follow-up. Randomization in a clinical trial reduces selection bias. 

(Choice D) Susceptibility bias is a type of selection bias where experimental and 

control groups differ from a prognostic standpoint, possibly due to unforeseen 

confounding variables. Patients in this trial were randomly selected for a specific 

screening method, minimizing this type of bias. 

Educational objective: 

Verification bias occurs when a study uses gold standard testing selectively in order 

to confirm a positive (or negative) result of preliminary testing. This can result in 

overestimates (or underestimates) of sensitivity (or specificity). 

References 
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Title: Human Papillomavirus DNA versus Papanicolaou Screening Tests for Cervical 

Cancer 

Objective:To determine whether oncogenic human papillomavirus (HPV) DNA testing is 

superior to the Papanicolaou (Pap) test for cervical cancer screening. 

Methods: 

Design: Randomized d inical trial 

Blinding: Double-blinded 

Setting: 30 d inics in Montreal and St. John's, Canada. 

Patients: Women ages 30-69 who sought screening tests for cervical cancer. Patients 

who were currently being followed-up for a cervical lesion, lacked a cervix, were 

pregnant, had a history of cervical cancer, had undergone Pap testing in the previous 

year, or were unable to provide consent were excluded. 

Intervention: Patients were randomized in a 1: 1 ratio to a "Pap focus" or an "HPV focus" 

screening group. Both tests were administered sequentially during the same visit. 

However, in the "Pap focus" group, participants received the Pap test first, whereas in 
the "HPV focus" group, patients received the HPV test first. Study participants with 

abnormal Pap test results or a positive HPV test (at least 1 pg of high-risk HPV DNA per 

ml) underwent colposcopy and biopsy, as did a random sample of women with negative 

tests. 

Outcome measures: Ability of Pap and HPV DNA testing to detect grade 2 or 3 cervical 

intraepithelial neoplasia, adenocarcinoma in situ, or cervical cancers (confirmed 
histologically and by loop electrosurgical excision procedure). 

Results :A total of 10, 154 women were randomly assigned to testing groups. Both tests 

were performed on all women in a randomly assigned sequence during the same visit 

The sensitivities and specificities of the 2 tests, alone and in combination, are shown in 

the table below. 

between the control and treatment group. 

(Choice B) Observer bias occurs when an observer responsible for recording results 

is influenced by prior knowledge about participants or study details. Blinded studies 

(as in this case) usually avoid this bias by preventing observers fron1 knowing whidl 

treatment or intervention the participants are receiving; this leads to a more objective 

measurement of outcomes. 

(Choice C) Selection bias results from the n1anner in whidl study participants are 

selected or lost to follow-up. Randomization in a clinical trial reduces selection bias. 

(Choice D) Susceptibility bias is a type of selection bias where experimental and 

control groups differ from a prognostic standpoint, possibly due to unforeseen 

confounding variables. Patients in this trial were randomly selected for a specific 

screening method, minimizing this type of bias. 

Educational objective: 

Verification bias occurs when a study uses gold standard testing selectively in order 

to confirm a positive (or negative) result of preliminary testing. This can result in 

overestimates (or underestimates) of sensitivity (or specificity). 

References 

• Correcting for verification bias in studies of a diagnostic test's accuracy. 

Foundations of Independent Practice 
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Confounding, effect modification, bias, errors 
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Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 

infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 

bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 

(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 
below. 

The abstract shown on the left applies to the next 3 items 

Item 1 of 3 

A 62-year-old man with a history of dyslipidemia and type 2 diabetes mellitus comes to 

the emergency department due to severe substemal chest pain and diaphoresis that 

began 2 hours ago. His ECG shows ST- segment elevation in leads V1 to V4. He is 

taken to the cardiac catheterization lab and a complete occlusion of the mid-left 

anterior descending artery (LAD) is diagnosed. A drug-eluting stent is placed in the 

LAD with complete restoration of flow, and the patient is started on aspirin and 

clopidogrel. On the third day of hospitalization, the option of adding rivaroxaban is 

discussed with the patient He asks about the benefits and risks of the added 

therapy. Based on the research abstract, which of the following measures would best 

reflect the net clinical benefit of rivoraxaban? 

Q A. "Death from any cause/myocardial infarction/stroke" and "intracranial 

hemorrhage" 

Q B. "Death from cardiovascular causes" and "fatal bleeding" 

Q C. "Death from myocardial infarction" and "TIMI bleeding requiring medical 

attention" 

Q D. "lntracranial hemorrhage" and "fatal bleeding" 

Q E. "Prin1ary efficacy endpoint" only 
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Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients(<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 
infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 
bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 
(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 
below. 

reflect the net clinical benefit of rivoraxaban? 

A. "Death from any cause/myocardial infarction/stroke" and "intracranial 

hemorrhage" (23%) 

B. "Death from cardiovascular causes" and ''fatal bleeding" (13%) 

C. "Death from myocardial infarction" and "TIMI bleeding requiring medical 

attention" (7%) 

D. "lntracranial hemorrhage" and ''fatal bleeding" (3°/o) 

E. "Primary efficacy endpoint" only (52%) 

Omrtted 
Correct answer 
A 

Explanation 

II,, 23°/o ft) 33 secs 
l!!!. Answered correctly \::J Time Spenl 

02/05/2020 
• Las! Updated 

This randomized clinical trial examined the benefits of twice-daily rivaroxaban at doses 

of 2.5 mg and 5 mg as an adjunctive therapy in patients with recent acute coronary 

syndrome. The study's primary efficacy endpoint was a composite of death from 

cardiovascular causes, myocardial infarction, or stroke. The primary safety endpoint 

was TIMI (thrombolysis in myocardial infarction) bleeding not related to coronary 

artery bypass grafting (CABG). 

The net clinical benefit (NCB) or clinical usefulness of a medication is a measure of 
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Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 

infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 

bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 
(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 

below. 

Explanation 

This randomized clinical trial examined the benefits of twice-daily rivaroxaban at doses 

of 2.5 mg and 5 mg as an adjunctive therapy in patients with recent acute coronary 

syndrome. The study's prin1ary efficacy endpoint was a composite of death from 

cardiovascular causes, myocardial infarction, or stroke. The primary safety endpoint 

was TIMI (thrombolysis in myocardial infarction) bleeding not related to coronary 

artery bypass grafting (CABG). 

The net c linical benefit (NCB) or clinical usefulness of a medication is a measure of 

its possible benefit minus its possible harm. NCB needs to be viewed in light of the 

specific clinical situation. For example, in patients with refractory or untreatable 

cancer, chemotherapy treatment leading to significant clinical improvement might 

result in a favorable NCB despite substantial toxicity of the medication. Furthermore, 

a new drug does not need a greater efficacy than the standard therapy for it to have a 

favorable NCB. For example, a new drug that avoids significant organ toxicity may 

have a favorable NCB even if it has less efficacy than the standard agent. 

From all the options listed, death from any cause/myocardial infarction/stroke and 

intracranial hemorrhage are the best reflection of the NCB of rivaroxaban, as they 

reflect both possible benefit (reduced risk of death from any cause/myocardial 

infarction/stroke) and harm (increased risk of intracranial bleeding). More specifically: 

• Hazard ratio for death from any cause/myocardial infarction/stroke was 0.84 

(95°/o confidence interval [Cl), 0.74 to 0.95) in the rivaroxaban combined group 

compared to placebo, reflecting the statistically significant benefit of rivaroxaban 

in reducing death from all-cause as compared to placebo. 

• Hazard ratio for intracranial bleeding was 3.28 (95°/o Cl, 1.28 to 8.42), 

demonstrating the harm of rivaroxaban as reflected in a statistically significant 
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Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 

in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 

symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 

elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 

infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 

administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 

cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 

TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 

bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 

receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 

(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 

below. 

, Hazard ratio for death from any cause/myocardial infarction/stroke was 0.84 

(95% confidence interval [Cl), 0.74 to 0.95) in the rivaroxaban combined group 

compared to placebo, reflecting the statistically significant benefit of rivaroxaban 

in reducing death from all-cause as compared to placebo. 

• Hazard ratio for intracranial bleeding was 3.28 (95°/o Cl, 1.28 to 8.42), 

demonstrating the harm of rivaroxaban as reflected in a statistically significant 

increased risk of intracranial bleeding. 

(Choices Band C) Although the variables listed reflect both benefit (eg, reduced risk 

of death) and harm (eg, increased risk of bleeding), death from any cause is a better 

measure of NCB than death from specific causes. In addition, there was no 

statistically significant difference in fatal bleeding between the rivaroxaban groups and 

the placebo group as the Cls of the hazard ratios all included the null value (1.0 for 

hazard ratio). 

(Choice D) The intracranial and fatal bleeding risks are measures of harm only. 

(Choice E) The reduction in the combined primary efficacy endpoint is a measure of 

the benefits of rivaroxaban. The NCB of a medication is a measure of its possible 

benefit minus its possible harm. 

Educational objective: 

The net clinical benefit of a medication is a n1easure of its possible benefit minus its 

possible harm. 

Foundations of Independent Practice 
Subject 

Morbidity and mortality rates 

Biostatistics & Epidemiology 

System 
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Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 
infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 
bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 
(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 
below. 

Item 2 of 3 

The statistical methods section of the full research paper indicates that the analysis was 

perfom1ed using an "intention-to-treat" approach. The primary purpose of such an 

approach is most likely which of the following? 

0 A. Decrease the placebo effect 

0 8 . Eliminate observer bias 

0 C. Enhance external validity 

0 D. Preserve randomization 

0 E. Reduce type 11 errors 
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Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 
infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 
bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 
(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 
below. 

Item 2 of 3 

The statistical methods section of the full research paper indicates that the analysis was 

perfom1ed using an "intention-to-treat" approach. The primary purpose of such an 

approach is most likely which of the following? 

0 A. Decrease the placebo effect 

0 8 . Eliminate observer bias 

0 C. Enhance external validity 

0 D. Preserve randomization 

0 E. Reduce type 11 errors 
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Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 

infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 

bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 
(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 

below. 

Item 2 of 3 

The statistical methods section of the full research paper indicates that the analysis 

was performed using an "intention-to-treat" approach. The primary purpose of such 

an approach is most likely which of the following? 

A. Decrease the placebo effect (14%) 

8 . Eliminate observer bias (9o/o) 

C. Enhance external validity (24°/o) 

D. Preserve randomization (36%) 

E. Reduce type II errors (15°/o) 

Omitted 
Correct answer 

D 

Explanation 

I 11, 36% ("(\ 22 secs 
l!!!. Answered correctly \.::.J nme Spent 

02/05/2020 
• Last Updated 

Important features of randomized clinical trials are randomization (eg, to eliminate bias 

in treatment assignments), blinding, and intention-to-treat (IIT) analysis. 

The basic premise of ITT analysis is that participants in trials should be analyzed in 

the groups to which they were randomized, regardless of whether they received or 

adhered to the allocated intervention and regardless of whether they withdrew from 
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Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 
infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 
bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 
(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 
below. 

Important features of randomized clinical trials are randomization (eg, to eliminate bias 

in treatment assignments), blinding, and intention-to-treat (ITI) analysis. 

The basic premise of ITI analysis is that participants in trials should be analyzed in 

the groups to which they were randomized, regardless of whether they received or 

adhered to the allocated intervention and regard less of whether they withdrew from 

treatment. The ITI principle holds that randomization is of paramount importance 

and that deviation from the original randomized groups can contaminate the 

treatment comparison. ITI analyses are performed to avoid the effects of crossover 

and dropout, vvhich may break randomization and affect the outcome. For example, if 

the sickest patients drop out at a higher rate, even an ineffective treatment may 

appear beneficial if analysis is performed on only those who finished the treatment. 

(Choice A) The placebo effect is the phenomenon whereby a patient's symptoms are 

alleviated by an otherwise ineffective treatment (placebo), most likely due to the 

individual expecting the treatment to work_ The ITI principle does not affect the 

placebo effect. 

(Choice B) Observer bias occurs when the observer may be influenced by prior 

knowledge or details of the study that can affect the results. Blinded studies, such as 

this one, usually avoid this bias by preventing the observers from knowing which 

treatment or intervention the participants are receiving, thereby measuring outcomes 

more objectively. 

(Choice C) The generalizability or external validity of a study reflects the applicability 

of the obtained results beyond the cohort that was studied. External validity is 

dependent on the adequacy of the sample. If the sample is representative of the 

desired population, then the results will generalize. Although ITI analysis can 

improve the external validity by including the entire sample originally selected for the 
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Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 
infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 
bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 
(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 
below. 

(Choice B) Observer bias occurs when the observer may be influenced by prior 

knowledge or details of the study that can affect the results. Blinded studies, such as 

this one, usually avoid this bias by preventing the observers from knowing which 

treatment or intervention the participants are receiving, thereby measuring outcon1es 

more objectively. 

(Choice C) The generalizability or external validity of a study reflects the appl icability 

of the obtained results beyond the cohort that was studied. External validity is 

dependent on the adequacy of the sample_ If the sample is representative of the 

desired population, then the results will generalize. Although ITI analysis can 

improve the external validity by including the entire sample originally selected for the 

trial (regardless of participation or compliance with the intervention), the prin1ary 

purpose of ITI is to preserve randomization rather than to enhance external validity. 

(Choice E) Type II error represents failure to reject a null hypothesis when it is false. 

Type II errors are dependent on the power of a study, which is in tum dependent on 

sample size. As the sample size and power increase, the likelihood of a type II error 

decreases. 

Educational objective: 

The basic premise of the intention-to-treat principle is that participants in trials should 

be analyzed in the groups to which they were randomized, regardless of whether they 

received or adhered to the allocated intervention and regardless of whether they 

withdrew fron1 treatment. 

References 

• Intention-to-treat analysis in clinical trials: principles and practical importance. 

Foundations of Independent Practice Biostatistics & Epidemiology 
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Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 
infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 
bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 
(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 
below. 

Item 3 of 3 

After a pharmaceutical drug is approved by the Food and Drug Administration, phase IV 

or post-marketing surveillance is conducted to detect fatal and serious side effects. The 

failure to detect such events in earlier phases of clinical testing is most likely due to 

which of the following? 

Q A. Biased allocation of patients 

0 B. Hidden confounders 

0 C. Inadequate power 

0 D. Measurement bias 

0 E. Use of placebo 
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Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 

infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 

bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 

(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 
below. 

Item 3 of 3 

After a pharmaceutical drug is approved by the Food and Drug Administration, phase 

IV or post-marketing surveillance is conducted to detect fatal and serious side effects. 

The failure to detect such events in earlier phases of clinical testing is most likely due 

to which of the following? 

A. Biased allocation of patients (4%) 

B. Hidden confounders (21%) 

C. Inadequate power (66%) 

D. Measurement bias (6%) 

E. Use of placebo (1%) 

Omitted 
Correct answer 

C 

Explanation 

Iii. 66% ("0 02 secs 
l!!!. Answered correctly \..::J nme Spent 

i==! 02/05/2020 
El Las! Updated 

Post-marketing surveillance is the practice of monitoring the safety of medications or 

devices after they have been released on the market. The power of a study reflects 

its ability to detect a difference between groups, if such a difference exists. Power 

depends on sample size. Randomized clinical trials are efficacy trials by design and 

may not have adequate power to look at adverse effects, especially rare adverse 



[M 

• 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

12 

13 

14 

15 

16 

17 

18 

19 

Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 
infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 
bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 
(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 
below. 

Post-marketing surveillance is the practice of monitoring the safety of medications or 

devices after they have been released on the market The power of a study reflects 

its ability to detect a difference between groups, if such a difference exists. Power 

depends on sample size. Randomized clinical trials are efficacy trials by design and 

n1ay not have adequate power to look at adverse effects, especially rare adverse 

effects. There may be too few participants (small sample size) to detect rare adverse 

effects; follow-up times are often short; and in some populations, comorbidities and 

additional drug interactions may not be adequately represented in earlier phases of 

clinical testing. The true safety profile of any medication is often understood only after 

the medication has been on the market for a period of time and has been used by a 

large number of patients. 

(Choices A and B) Randomized clinical trials often list baseline characteristics of 

patients in treatment and control arms. If successful randomization has occurred, 

these characteristics should be similar_ Successful randomization also minimizes 

confounding variables, including unmeasured ones. 

(Choice D) Measurement bias occurs from poor data collection with inaccurate 

results, which often is not the case in randomized clinical trials for medication approval 

by the Food and Drug Administration. 

(Choice E) Placebos are given as control treatments, and they are often inert tablets, 

sham surgeries, and other procedures based on providing false infom1ation. The use 

of placebos allows researchers to isolate the efficacy and adverse effects of the study 

medication. 

Educational objective : 

Post-marketing surveillance is the practice of monitoring the safety of medications or 



[M 

• 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

12 

13 

14 

15 

16 

17 

18 

19 

- Item 11 of19 ~ <] C> r, I'>\ •! m, rim , ~ ~ = . • \ Mart< L .J \.!..) 1111 ;' ffiffij ~ ~ 
Question Id: 7942 Previous Next Fun Screen Tutorial Lab Yallles Notes Calculator Reverse Color Text Zoom Settings 

Title: 
Rivaroxaban in Patients with a Recent Acute Coronary Syndrome 

Hypothesis: 
Does inhibition of factor Xa with low-dose rivaroxaban improve cardiovascular outcomes 
in patients with a recent acute coronary syndrome? 

Methods: 
Design: Randomized clinical trial (Phase 3) 

Blinding. Double-blind, placebo-controlled trial 

Follow-up: Mean duration of treatment with a study drug was 13.1 months. 

Setting: Multicenter (766 sites in 44 countries) 

Patients: The study included patients (<'. 18 years of age) who had presented with 
symptoms suggestive of an acute coronary syndrome and in whon1 an ST segment 
elevation myocardial infarction (STEM!), a non-ST-segment elevation myocardial 
infarction (NSTEMI), or unstable angina had been diagnosed. 

Intervention: Patients were randomly assigned in a 1:1:1 fashion to twice-daily 
administration of either 2.5 mg or 5.0 mg of rivaroxaban or placebo. 

Outcome measures: The primary efficacy end point was a composite of death from 
cardiovascular causes, myocardial infarction, or stroke. The primary safety end point was 
TIMI (Thrombolysis In Myocardial Infarction) bleeding not related to coronary-artery 
bypass grafting (CABG). 

Results: 
A total of 15,526 patients underwent randomization. Patients were randomly assigned to 
receive 2.5 mg of rivaroxaban (5174 patients), 5.0 mg of rivaroxaban (5176), or placebo 
(5176). Hazard ratios (HR) and their associated 950/o confidence intervals are listed 
below. 

(Choices A and B) Randomized clinical trials often list baseline cilaracteristics of 

patients in treatment and control arms. If successful randomization has occurred, 

these characteristics should be similar. Successful randomization also minimizes 

confounding variables, including unmeasured ones. 

(Choice D) Measurement bias occurs from poor data collection with inaccurate 

results, which often is not the case in randomized clinical trials for medication approval 

by the Food and Drug Administration. 

(Choice E) Placebos are given as control treatments, and they are often inert tablets, 

sham surgeries, and other procedures based on providing false infom1ation. The use 

of placebos allows researchers to isolate the efficacy and adverse effects of the study 

medication. 

Educational objective: 

Post-marketing surveillance is the practice of monitoring the safety of medications or 

devices after they have been released on the market. This is due to the fact that 

clinical trials often have short follow-up times, underrepresented populations, and too 

few participants to detect rare and serious side effects. 

References 

• Some concerns about adverse event reporting in randomized clinical trials. 

Foundations of Independent Practice 
Subject 

Power and sample size 
Topic 

Biostatistics & Epidemiology 
System 
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Investigators want to explore a possible association between the use of nonsteroidal antiinflammatory drugs (NSAIDs) and the development of 

Crohn d isease. They plan to administer a standardized questionnaire on NSAID use over the past year to patients with newly diagnosed Crohn 

disease and to age- and sex-matched healthy volunteers. The study design is most concerning for which of the following? 

Q A. Lack of external validity 

0 B. Lack of statistical power 

0 C. Length time bias 

0 D. Misclassification of exposure 

0 E. Misclassification of outcon1e 
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Investigators want to explore a possible association between the use of nonsteroidal antiinflammatory drugs (NSAIDs) and the development of 

Crohn d isease. They plan to administer a standardized questionnaire on NSAID use over the past year to patients with newly diagnosed Crohn 

disease and to age- and sex-matched healthy volunteers. The study design is most concerning for which of the following? 

A. Lack of external validity (11o/o) 

B. Lack of statistical power (2%) 

C. Length time bias (25%) 

_/ I D. Misclassification of exposure (50%) 

E. Misclassification of outcon1e (10%) 

Omitted 
Correct answer 
D 

11 .. 50% 
l!!!. Answered correcUy 

Explanation 

,i\ 02 secs 
\..::,/ Time Spent 

F=1 02/20/2020 
13 Last Updated 

Recall bias results from the inaccurate recall of past exposure by participants in a study. It applies mostly to case-control designs and leads to 

misclassification of exposure. Individuals with a disease are more likely to search their memories to try to identify whether an exposure has 

contributed to their condition. This study is assessing a potential association between nonsteroidal antiinflammatory drug (NSAID) use and Crohn 

disease. Patients with newly diagnosed Crohn disease may be more likely to recall NSAID use over the past year as they complete the 

questionnaire. 

(Choice A) External validity (or generalizability) is defined as the applicability of a study's results beyond the group that was initially assessed. It 

answers the question, "How generalizable are the results of a study to other populations?" External validity is not a concern as this study's results 
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Explanation 

Recall bias results from the inaccurate recall of past exposure by participants in a study. It applies mostly to case-control designs and leads to 

misclassification of exposure. Individuals with a disease are more likely to search their memories to try to identify whether an exposure has 

contributed to their condition. This study is assessing a potential association between nonsteroidal antiinflammatory drug (NSAID) use and Crohn 

disease. Patients with newly diagnosed Crohn disease may be more likely to recall NSAID use over the past year as they complete the 

questionnaire. 

(Choice A) External validity (or generalizability) is defined as the applicability of a study's results beyond the group that was initially assessed. It 

answers the question, "How generalizable are the results of a study to other populations?" External validity is not a concern as this study's results 

may be applicable to other individuals with Crohn disease. 

(Choice B) There is no information regarding sample size, which would help determine statistical power. However, recall bias would still be the 

primary concern even with an adequate sample size. 

(Choice C) Subjects with a rapidly progressive form of disease are less likely to be detected by screening compared to those with slowly 

progressive disease. This length time bias tends to overstate the beneficial effects of screening on length of survival and n1ortality. However, this 

study is less concerned with screening as the diagnosis of Crohn disease has already been made. 

(Choice E) The outcome (Crohn disease development) is known in this example, so misclassification of outcome is unlikely. 

Educational objective: 

Recall bias results from the inaccurate recall of past exposure by participants in a study. It applies mostly to case-control designs and leads to 
misclassification of exposure. 

References 

• Bias and causal associations in observational research. 

Foundations of Independent Practice 

Subject 

Biostatistics & Epidemiology 

System 

Confounding, effect modification , bias, errors 
Topic 
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A 78-year-old Caucasian man with stage 3 chronic kidney disease and nonischemic cardiomyopathy is admitted to the hospital with pulmonary 

edema. A recent study used intravenous hydralazine and oral isosorbide dinitrate (ISDN) in patients with pulmonary edema. The study 

randomized 310 African American patients admitted with pulmonary edema into an intervention group (ISDN+ hydralazine) and a usual care 

group. The mean left ventricular ejection fraction was 24°/o, and all patients had normal renal function. The study results showed the following: 

Intervention group Usual care P-value 

Improvement in distress at 1 hour 56°/o 40°/o 0.03 

In-hospital mortality 2% 4% 0.40 

Whi.ch of the following study features is most limiting in applying the study intervention to this patient? 

Q A External validity 

0 B. Internal validity 

0 C. Lack of power 

0 0. No improvement in mortality 

0 E. Short follow-up 

Submit 
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A 78-year-old Caucasian man with stage 3 chronic kidney disease and nonischemic cardiomyopathy is admitted to the hospital with pulmonary 

edema. A recent study used intravenous hydralazine and oral isosorbide dinitrate (ISDN) in patients with pulmonary edema. The study 

randomized 310 African American patients admitted with pulmonary edema into an intervention group (ISDN+ hydralazine) and a usual care 

group. The mean left ventricular ejection fraction was 24°/o, and all patients had normal renal function. The study results showed the following: 

Intervention group Usual care 

Improvement in distress at 1 hour 56°/o 40°/o 

In-hospital mortality 2% 4% 

Whi.ch of the following study features is most limiting in applying the study intervention to this patient? 

A . External validity (55%) 

B. Internal validity (9%) 

C. Lack of power ( 16o/o) 

0. No improvement in mortality ( 14 % ) 

E. Short follow-up (4%) 

Omitted 
Correct answer 
A 

Explanation 

It,, 55% 
L!.!!.. Answered correctly 

(T'\ 02 secs 
\.::.) T1111e Spent 

P-value 

0.03 

0.40 

07/24/2020 
• Last Updated 
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The main concern in applying the results of the study to this patient is its external valid ity. External validity (generalizability) is defined as the 

applicability of a study's results beyond the group that was initially assessed. It answers the question, "How generalizable are the results of a 

study to other populations?" Evaluating the inclusion!exclusion criteria is helpful in determining a study's external validity (eg, a study in middle

aged women would not necessarily be generalizable to elderly men). 

The trial was conducted in African American patients with normal kidney function, but this patient is a Caucasian man with chronic kidney disease; 

these differences n1ay limit the extent to which the results described apply. For example, patients with chronic kidney disease may metabolize 

drugs differently or have different characteristics than patients with normal kidney function that n1ay limit generalizability of the results. Similarly, in 

previous trials (eg, post-hoc analysis in the Vasodilator Heart Failure Trial), the combination of isosorbide dinitrate (ISDN) and hydralazine in heart 

failure appeared to have significant benefit compared to placebo in the patients who self-identified as black but not in the other patients. The 

reasons behind this finding are not entirely clear, but guidelines do take this difference into account in their formulation of recommendations. 

(Choice B) Internal validity relates to conclusions regarding cause and effect in a study and answers the question, "Are we observing!measuring 

what we think we are observing/measuring?" The n1ajor threat to internal validity is confounding. In this study, randomization improves internal 

validity by balancing the distribution of confounding variables among the groups. 

(Choice C) Power is the ability to detect an effect if that effect exists. Power depends on sample size (larger size increases power), effect size 

(and standard deviation), and a and 13 error levels. Even assuming this study has adequate power (>80% in this case), concerns regarding 

external validity would still make applicability difficult. 

(Choices D and E) Although there was a nonsignificant decrease in mortality, there was a significant change in distress at 1 hour, which may be 

important in a given scenario (eg, as a temporizing measure). Similarly, short follow-up to determine in-hospital mortality may be useful for the 

purposes of this study (especially because trials about the long-term effects of ISDN and hydralazine already exist). Even if there had been a 

significant effect on mortality and a longer follow-up period, concerns regarding external validity would still make applicability difficult. 

Educational objective : 

External validity answers the question, "How generalizable are the results of a study to other populations?" For example, a study in middle-aged 

women would not be necessarily generalizable to elderly men. 

References 



[M 

• 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

11 

12 

14 

15 

16 

17 

18 

19 

- Item 13of19 ~ <] C> r, I'>\ •! m, rim , ~ ~ = . • \ Mart< L .J \.!..) 1111 ;' ffiffij ~ ~ 
Question Id: 9888 Previous Next Fun Screen Tutorial Lab Yallles Notes Calculator Reverse Color Text Zoom Settings 

Exhibit Display r5l ~ 
Initial crude analysis confounded by smoking status 

Alcohol 
use 

Yes 

No 

Bladder cancer 

Yes No 

23 207 

26 444 

RR= 1.81 
p-value= 0.03 

Stratified analysls removes confounding effects of smoking 

Alcohol 
use 

&lUWor1d 

Yes 

No 

©_ Zoom In 

Smokers 

Bladder cancer 

Yes No 

19 8 1 

14 S6 

RR =0.95 
p-value= 0.87 

8_ Zoom Out 

Alcohol 
use 

C Reset 

Yes 

No 

Bladder cancer 

Yes No 

4 126 

12 388 

RR= 1.03 
p-value= O. 96 

fl, Add To Flash Card 



[M 

• 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

11 

12 

14 

15 

16 

17 

18 

19 

- Item 13of19 ~ <] C> r, I'>\ •! m, rim , ~ ~ = . • \ Mart< L .J \.!..) 1111 ;' ffiffij ~ ~ 
Question Id: 9888 Previous Next Fun Screen Tutorial Lab Yallles Notes Calculator Reverse Color Text Zoom Settings 

these differences may limit the extent to which the results described apply. For example, patients with chronic kidney disease may metabolize 

drugs differently or have d ifferent characteristics than patients with normal kidney function that may limit generalizability of the results. Similarly, in 

previous trials (eg, post-hoc analysis in the Vasodilator Heart Failure Trial), the combination of isosorbide dinitrate (ISDN) and hydralazine in heart 

failure appeared to have significant benefit compared to placebo in the patients who self-identified as black but not in the other patients. The 

reasons behind this finding are not entirely clear, but guidel ines do take this difference into account in their formulation of recommendations. 

(Choice B) Internal validity relates to conclusions regarding cause and effect in a study and answers the question, "Are we observing/measuring 

what we think we are observing/measuring?" The major threat to internal validity is confounding. In this study, randomization improves internal 

validity by balancing the distribution of confounding variables among the groups. 

(Choice C) Power is the ability to detect an effect if that effect exists. Power depends on sample size (larger size increases power), effect size 

(and standard deviation), and a and 13 error levels. Even assuming this study has adequate power (>80% in this case), concerns regarding 

external validity would still make appl icability difficult. 

(Choices D and E) Although there was a nonsignificant decrease in mortality, there was a significant change in distress at 1 hour, which may be 

important in a given scenario (eg, as a temporizing measure). Similarly, short follow-up to determine in-hospital mortality may be useful for the 

purposes of this study (especially because trials about the long-term effects of ISDN and hydralazine already exist). Even if there had been a 

significant effect on mortality and a longer follow-up period, concerns regarding external validity would still make applicability difficult. 

Educational objective: 

External validity answers the question, "How generalizable are the results of a study to other populations?" For example, a study in middle-aged 

women would not be necessarily generalizable to elderly men. 

References 

• How to assess the external validity and model validity of therapeutic trials: a conceptual approach to systematic review methodology 

Foundations of Independent Practice 
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Biostatistics & Epidemiology 

System 

Validity And Reliability 

Topic 
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A large randomized double-blinded study compares a new inhalational steroid agent to fluticasone in patients with moderate persistent asthma. 

The following results are highlighted in the study: 

New inhalational 

steroid agent 
Fluticasone P-value 

Mean number of rescue 

doses of albuterol per month 
23.6 24.1 0.04 

The investigators conclude that the study drug is more effective in this patient population. Which of the following is the major limitation of this 

conclusion? 

Q A. Clinical significance 

0 B. Lack of power 

0 C. Lead-time bias 

0 0 . Surrogate endpoint 

0 E. Type 1 error 
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A large randomized double-blinded study compares a new inhalational steroid agent to fluticasone in patients with moderate persistent asthma. 

The following results are highlighted in the study: 

New inhalational 

steroid agent 
Fluticasone P-value 

Mean number of rescue 

doses of albuterol per month 
23.6 24.1 0.04 

The investigators conclude that the study drug is more effective in this patient population. Which of the following is the major limitation of this 

conclusion? 

A. Clinical significance (52°/o) 

B. Lack of power ( 10%) 

C. Lead-time bias (3°/o) 

0 . Surrogate endpoint (23%) 

E. Type 1 error (10°/o) 

Omitted 
Correct answer 
A 

Explanation 

11 .. 52% 
l!!!. Answered correcl!y 

,i\ 02 secs 
~ Time Spent 

~ 02/23/2020 
13 Last Updated 

- ** ~ • ~ 

TUTOR ~ F2ck SgJ2,d Eng ock 
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Patients taking the new inhalational steroid agent used rescue doses of albuterol 23.6 times per month, while patients taking fluticasone had 24.1 

uses per month. This change was st atist ically s ignificant (P <0.05), but the difference of 0.5 (= 24 .1 - 23.6) uses per month is so small that it 

lacks c linical significance. Another example would be if a new antihypertensive medication showed a statistically significant 0.5 mm Hg 

decrease in blood pressure compared to an existing antihypertensive drug. The practical clinical value of this result would be limited. 

There are no preset guidelines regarding what constitutes clinical significance; much will depend on the specific scenario and disease process. 

(Choice B) Power is the ability to detect an effect if that effect exists. A larger sample size increases power. This study is reported to be large so 

lack of power is unlikely. 

(Choice C) Lead-time bias occurs when several disease interventions are compared and one of the interventions diagnoses the d isease earlier 

than the others. This leads to the erroneous presumption that there is an effect on the outcome (eg, the intervention prolongs survival outcome). 

There is no indication of lead-time bias in this study. 

(Choice D) Surrogate endpoints (eg, laboratory test, biomarker, physical finding) are meant to substitute for clinically meaningful endpoints and 

are typically validated and used in multiple studies. Examples include CD4 cell count (surrogate for HIV complications) and hemoglobin A,0 levels 

(surrogate for diabetes complications). Rescue inhaler use is commonly used as a surrogate for asthma control; the lack of clinical significance of 

the results seen is a much more prominent limitation of the study_ 

(Choice E) A type 1 error (a) describes the probabil ity of seeing a difference when there is no difference in reality. In this study, it would mean 

that the statistically significant difference seen between fluticasone and the new agent is not actually present. However, even if that difference 

were statistically significant, it would not be clinically meaningful. 

Educational objective : 

A statistically significant result n1ay not be clinically significant (not meaningful in practice). 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

Ulll,ng:ht@ dd 

Statistical vs. cl inical significance 
Topic 
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A 30-year-old woman comes to the physician after finding a breast mass on self examination. After the appropriate workup, the physician decides 

to proceed with fine-needle aspiration (FNA). Cytology of the aspirate comes back negative for n1alignancy. However, the patient is still 

concerned about the possibi lity of breast cancer despite her negative FNA result. Which of the following test parameters would be the most 

helpful for determining this patient's residual risk of breast cancer? 

0 A. Negative predictive value 

0 B. Positive predictive value 

0 C. Sensitivity 

0 D. Specificity 

0 E. Validity 
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A 30-year-old woman comes to the physician after finding a breast mass on self examination. After the appropriate workup, the physician decides 

to proceed with fine-needle aspiration (FNA). Cytology of the aspirate comes back negative for n1alignancy. However, the patient is still 

concerned about the possibi lity of breast cancer despite her negative FNA result. Which of the following test parameters would be the most 

helpful for determining this patient's residual risk of breast cancer? 

A. Negative predictive value (73%) 

B. Positive predictive value ( 4°/o) 

C. Sensitivity ( 13°/o) 

D. Specificity (7%) 

E. Validity (0°/o) 

Omitted 
Correct answer 

A 

Explanation 

Ill, 73o/o 
l!l!. Answered correctly 

,i'\ 01 sec 
\::J Time Spent 

F=! 05/1 2/2020 
13 Last Updated 

Common performance measures for diagnostic tests 

Parameter Definition Calculation 

Sensitivity The probability of a diseased person testing positive 
Sensitivity = True positives 

/ (True positives + False negatives) 
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Common performance measures for diagnostic tests 

Parameter Definition Calculation 

Sensitivity The probability of a diseased person testing positive 
Sensitivity = True positives 

/ (True positives + False negatives) 

Specificity = 
Specificity The probability of a nondiseased person testing negative True negatives / (True negatives + False 

positives) 

Positive predictive 
The probability that disease is present given a positive result 

PPV = True positives / (True positives+ False 

value positives) 

Negative predictive 
The probability that disease is absent given a negative result 

NPV = True negatives / (True negatives+ False 

value negatives) 

Positive likelihood A ratio representing the likelihood of having the disease given a 
LR+ = Sensitivity/ (1 - Specificity) 

ratio positive result 

Negative likelihood A ratio representing the likelihood of having the disease given a LR- = (1 - Sensitivity) 

ratio negative result / Specificity 

The negative predictive value (NPV) is the probability of not having a disease given a negative test result. The patient in this scenario tested 

negative; therefore, NPV gives the probability that she is actually disease-free. Her probability of still having breast cancer is given by 1 - NPV 

(the false omission rate). 

Positive and negative predictive values are dependent on the prevalence of the disease in the tested population. They can only be applied to 

individuals if the pre-test probability of the disease is known. In this example, if the pre-test probability of breast cancer is high after initial workup 

( and the FNA result is negative), then the NPV will be relatively low. On the other hand, if the pre-test probability of breast cancer is low after initial 

workup, then the NPV will be higher. 
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The negative predictive value (NPV) is the probability of not having a disease given a negative test result. The patient in this scenario tested 

negative; therefore, NPV gives the probability that she is actually disease-free. Her probability of still having breast cancer is given by 1 - NPV 

(the false omission rate). 

Positive and negative predictive values are dependent on the prevalence of the disease in the tested population. They can only be applied to 

individuals if the pre-test probabil ity of the disease is known. In this example, if the pre-test probabil ity of breast cancer is high after initial workup 

(and the FNA result is negative), then the NPV will be relatively low. On the other hand, if the pre-test probability of breast cancer is low after initial 

workup, then the NPV will be higher. 

(Choice B) Positive predictive value follows the same concept but applies only if the test returns positive. 

(Choices C and D) Sensitivity and specificity are intrinsic test parameters that are not affected by disease prevalence. Even though a negative 

result on a maximally sensitive test (100%) would effectively rule out the disease, very few diagnostic tests are 100% sensitive. Therefore, the 

NPV would be more beneficial for determining this patient's residual breast cancer risk. 

(Choice E) Validity (accuracy) is a parameter used to assess the appropriateness of a diagnostic test (ie, that the test measures what it is 

supposed to measure). Validity is a measure of the overall usefulness of a test, but predictive values are better suited for determining the value of 

a single positive or negative test result. 

Educational objective : 

The negative predictive value is the probability of being disease free given a negative test result. The pre-test probability of disease (eg, disease 

prevalence) must be known to calculate positive and negative predictive values. 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

Sensitivity, specificity, positive predictive value PPV, negative predictive value NPV 
Topic 
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A large study evaluated a rapid toxin-based stool assay for diagnosing Clostridium difficile colitis. It evaluated the test against polymerase chain 

reaction, which served as the gold standard. The following values of the new test were obtained from a hospitalized symptomatic patient 

population with 500/o prevalence of Clostridium difficile colitis: 

Sensitivity 80°/o 

Specificity 90°/o 

Positive predictive value 89% 

Negative predictive value 82°/o 

Which of the following is the positive likelihood ratio for the new test? 

Q A. 0.2 

0 B. 2 

0 C. 5 

0 D. 6 

0 E. 8 
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A large study evaluated a rapid toxin-based stool assay for diagnosing Clostridium difficile colitis. It evaluated the test against polymerase chain 

reaction, which served as the gold standard. The following values of the new test were obtained from a hospitalized symptomatic patient 

population with 500/o prevalence of Clostridium difficile col itis: 

Sensitivity 80°/o 

Specificity 90°/o 

Positive predictive value 89% 

Negative predictive value 82°/o 

Which of the following is the positive likelihood ratio for the new test? 

A. 0.2 (9%) 

B. 2 (22%) 

C. 5 (16%) 

D. 6 (6°/o) 

E. 8 (45%) 

Omrtted 
Correct answer 
E 

Explanation 

Ii.. 45% 
L!l!. Answered correctly 

(i'\ 02 secs 
\..::J Time Spent 

F=! 07/24/2020 
13 Last Updated 
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Explanation 

Likelihood ratio Interpretation 

>10 Strong evidence to rule in the disease 

5-10 Moderate evidence to rule in the d isease 

2-5 Weak evidence to rule in the disease 

0.5-2 No evidence to rule in or rule out the disease 

0.2-0.5 Weak evidence to rule out the disease 

0.1-0.2 Moderate evidence to rule out the disease 

<0.1 Strong evidence to rule out the disease 

The likelihood ratio (LR) is an expression of sensitivity and specificity that can be used to assess the value of a diagnostic test. The positive 

likelihood ratio (LR+) represents the value of a positive test result, and the negative likelihood ratio (LR-) represents the value of a negative test 

result. 

, LR+ = sensitivity / (1 - specificity). This is the probability of a patient with the disease testing positive divided by the probability of a patient 

without the disease testing positive. It is equivalent to: (true positive rate/false positive rate). 

, LR- = ( 1 - sensitivity} / specificity. This is the probability of a patient with the disease testing negative divided by the probability of a patient 

without the disease testing negative. It is equivalent to: (false negative rate / true negative rate). 

LRs can range from Oto infinity_ A test result with a LR >1 suggests disease presence; the higher the LR, the more likely the disease presence. 

A test result with a LR <1 argues against the disease; the lower the LR, the less likely the disease presence. There are general guidelines for LR 

interpretation (Table). 

In this example, LR+ = sensitivity / (1 - specificity) = 0_8 / (1 - 0.9) = 8. Therefore, a positive test result would provide moderate evidence for a 

C/oslridium difficile colitis. 



[M 

• 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

18 

19 

- Item 16of19 ~ <] C> r, I'>\ •! m, rim , ~ ~ = . • \ Mart< L .J \.!..) 1111 ;' ffiffij ~ ~ 
Question Id: 98S6 Previous Next Fun Screen Tutorial Lab Yallles Notes Calculator Reverse Color Text Zoom Settings 

• LR+ = sensitivity / (1 - specificity). This is the probability of a patient with the disease testing positive divided by the probability of a patient 

without the disease testing positive. It is equivalent to: (true positive rate/false positive rate). 

• LR- = (1 - sensitivity) / specificity. This is the probability of a patient with the disease testing negative divided by the probability of a patient 

without the disease testing negative. It is equivalent to: (false negative rate / true negative rate). 

LRs can range from Oto infinity. A test result with a LR >1 suggests disease presence; the higher the LR, the more likely the disease presence . 

A test result with a LR <1 argues against the disease; the lower the LR, the less likely the disease presence. There are general guidelines for LR 

interpretation (Table). 

In this example, LR+ = sensitivity / (1 - specificity) = 0.8 / (1 - 0.9) = 8. Therefore, a positive test result would provide moderate evidence for a 

patient having C/oslridium difficile col itis. 

LRs are calculated from sensitivity and specificity so they do not change with disease prevalence. Other advantages of LRs are that they can be 

used with tests that have more than 2 possible results; they can also be used to combine the results of multiple diagnostic tests and to calculate 

post-test probability for a target disorder (post-test odds = pre-test odds• LR). 

Educational objective: 

Positive likelihood ratio: LR+ = sensitivity / (1 - specificity) 

Negative likelihood ratio: LR- = (1 - sensitivity) / specificity 

Positive and negative likelihood ratios (like sensitivity and specificity) are independent of disease prevalence. 

References 

• How to use and interpret likelihood ratios 

• Simplifying likelihood ratios 

Foundations of Independent Practice 
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Biostatistics & Epidemiology 
System 

Copyright 

Likelihood Ratio 
Topic 



[M 

• 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

19 

- Item 17of19 ~ <] C> r, I'>\ •! m, rim , ~ ~ = . • \ Mart< L .J \.!..) 1111 ;' ffiffij ~ ~ 
Question Id: 9937 Previous Next Fun Screen Tutorial Lab Yallles Notes Calculator Reverse Color Text Zoom Settings 

Researchers are evaluating a diagnostic test for Legione/la infection that relies on detection of bacterial antigens in the serum. The test is 

compared to bacterial cultures, which are the gold standard for diagnosis. A sample of 200 patients is selected. Among 100 patients with culture

positive infection, the antigen test was positive in 90 patients. Among 100 patients with negative cultures, the test was positive in 30 patients. 

What was the positive predictive value of the new serum antigen test in this sample? 

0 A. 30°/o 

0 B. 70°/o 

0 C. 75°/o 

0 D. 88°/o 

0 E. 90°/o 
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Researchers are evaluating a diagnostic test for Legione/la infection that relies on detection of bacterial antigens in the serum. The test is 

compared to bacterial cultures, which are the gold standard for diagnosis. A sample of 200 patients is selected. Among 100 patients with culture

positive infection, the antigen test was positive in 90 patients. Among 100 patients with negative cultures, the test was positive in 30 patients. 

What was the positive predictive value of the new serum antigen test in this sample? 

A. 30°/o (2°/o) 

B. 70°/o (5%) 

C. 75°/o (69o/o) 

D. 88°/o (2%) 

E. 90°/o (20%) 

Omitted 
Correct answer 

C 

111. 69% 
l!l!. Answered correctly 

,i'\ 01 sec 
\::J Time Spent 

Explanation 

Positive condition Negative condition 

Positive test result TP FP 

Negative test result FN TN 

F=! 02/20/2020 
13 Last Updated 

PPV = 

TP/(TP + FP) 

NPV = 
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Positive condition Negative condition 

Posit ive test result TP FP 
PPV = 

TP/(TP + FP) 

Negative test result FN TN 
NPV = 

TN/(TN + FN) 

Sensitivity = Specificity = 

TP/(TP + FN) TN/(TN + FP) 

FN = false negative; FP = false posttive; NPV = negative predictive value; PPV = positive predictive value; TN = true negative; TP = 
true positive. 

The positive predictive value (PPV) is one of a number of parameters used to assess the accuracy and utility of diagnostic tests. It is defined as 

the percentage of individuals that actually have the disease out of all positive test results (ie, the probability that a patient actually has the 

disease given a positive test result). PPV is calculated as PPV = TP / (TP+FP). In this example, it can be easily solved for by completing the 

2x2 contingency table, which gives a PPV of 75%. 

Culture positive Culture negative 
N = 100 N = 100 

Antigen 
positive 90 30 PPV = 90/(90+30) = 75% 
N = 120 

Antigen 
negative 10 70 NPV = 70/(70+10) = 880/o 
N =80 

S ensitivity = Specifi city = I 
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The positive predictive value (PPV) is one of a number of parameters used to assess the accuracy and util ity of diagnostic tests. It is defined as 

the percentage of individuals that actually have the disease out of all positive test results (ie, the probability that a patient actually has the 

disease given a positive test result). PPV is calculated as PPV = TP / (TP+FP). In this example, it can be easily solved for by completing the 

2x2 contingency table, which gives a PPV of 75°/o. 

Culture positive Culture negative 
N = 100 N = 100 

Antigen 
positive 90 30 PPV = 90/(90+30) = 75% 
N = 120 

Antigen 
negative 10 70 NPV = 70/(70+10) = 880/o 
N =80 

Sensitivity = Specificity= 
90/(90+10) = 900/o 70/(70+30) = 70% 

©USMLEWorld, UC 

(Choice A) The false positive rate is the likelihood that the test will be positive in a patient without the disease. In this case, the false positive rate 

(FP / [FP+ TN]) of the serun1 antigen test is 30%. 

(Choice B) Specificity is the likelihood that a patient without the disease will test negative. In this case, the specificity of the serum antigen test is 

70%. 

(Choice D) The negative predictive value (NPV) is the likelihood of not having the disease given a negative test result. In this case, the NPV of 

the serum antigen test is 88%. 

(Choice E) Sensitivity refers to the likelihood that a patient with the disease will test positive. In this scenario, the sensitivity of the serum antigen 

test is 90%. 
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N = 120 

Antigen 
negative 10 70 N PV = 70/ (7 0 +10) = 880/o 

N =80 

Sensitivity = Specificity = 
90/(90+10) = 90% 70/(70+30) = 70% 

© USMLEWorld, UC 

(Choice A) The false positive rate is the likelihood that the test will be positive in a patient without ihe disease. In this case, the false positive rate 

(FP / [FP+ TN]) of the serum antigen test is 30°/o. 

(Choice B) Specificity is the likelihood that a patient without the disease will test negative. In this case, the specificity of the serum antigen test is 

70°/o. 

(Choice D) The negative predictive value (NPV) is the likelihood of not having the disease given a negative test result. In this case, the NPV of 

the serum antigen test is 88%. 

(Choice E) Sensitivity refers to the likelihood that a patient with the disease will test positive. In this scenario, the sensitivity of the serum antigen 

test is 90%. 

Educational objective: 

The positive predictive value conveys the probability that a patient actually has the disease given a positive test result. 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

Sensitivity, specificity, positive predictive value PPV, negative predictive value NPV 
Topic 
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Pos 

Neg 

FN = false ne 

true positive. 

The positive predictive 

Parameter 

Sensitivity 

Specificity 

Positive 

Positive condition Negative condit ion 

Exhibit Display Ll ~ 

Common performance measures for diagnostic tests 

Definition 

The probability of a diseased person testing 
positive 

The probability of a nondiseased person testing 
negative 

Calculation 

Sensitivity = True positives 
/ (True positives+ False negatives) 

Specificity = 
True negatives / (True negatives + 
False positives) 

The probability that disease is present given a PPV = True positives / (True positives 

the percentage of individu predictive value positive result + False positives) 
>--------+--------------------+-------------

disease given a positive 

2x2 contingency table, w 

A 
p 
N 

A , 
n 

Negative 
predictive value 

Positive 

likelihood ratio 

Negative 
likelihood ratio 

The probability that disease is absent given a NPV = True negatives / (True 
negative result negatives+ False negatives) 

A ratio representing the likelihood of having the 
disease given a positive result 

A ratio representing the likelihood of having the 
disease given a negative result 

LR+ = Sensitivity / (1 - Specificity) 

LR-= (1 - Sensitivity) 
/ Specificity 

~ Add To Flash Card 

as 
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A retrospective cohort study examines the long-term risk of ischemic stroke in patients with perioperative atrial fibrillation following cardiac and 

noncardiac surgery. The following data are reported: 

Cumulative rate of stroke 1 year after 

hospitalization, 0/o (95o/o confidence interval) 

Type of Perioperative atrial No perioperative 
Hazard ratio 

(95% confidence 
surgery fibrillation atrial fibrillation 

interval) 

Noncardiac 1.37 (1.22- 1.69) 0.32 (0.31-0.41) 1.9 (1.5- 2.4) 

Cardiac 0.91 (0.88- 1.07) 0.82 (0. 7 4-0.86) 1.3 (1.1- 1.7) 

Which of the following best describes the study results? 

Q A. Cardiac surgery carries a lower risk of atrial fibrillation than noncardiac surgery 

Q B. Patients \'l'ith perioperative atrial fibrillation following cardiac surgery should not receive anticoagulation 

Q C. Perioperative atrial fibrillation increases the risk of stroke with either type of surgery 

Q 0. Perioperative atrial fibrillation is not predictive of stroke in patients undergoing cardiac surgery 

Q E. The risk of stroke after noncardiac surgery is significantly higher compared to that after cardiac surgery 

Submit 
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A retrospective cohort study examines the long-term risk of ischemic stroke in patients with perioperative atrial fibrillation following cardiac and 

noncardiac surgery. The following data are reported: 

Cumulative rate of stroke 1 year after 

hospitalization, 0/o (95o/o confidence interval) 

Type of Perioperative atrial No perioperative 
Hazard ratio 

(95% confidence 
surgery fibrillation atrial fibrillation 

interval) 

Noncardiac 1.37 (1.22- 1.69) 0.32 (0.31-0.41) 1.9 (1.5- 2.4) 

Cardiac 0.91 (0.88- 1.07) 0.82 (0. 7 4-0.86) 1.3 (1.1- 1.7) 

Which of the following best describes the study results? 

A. Cardiac surgery carries a lower risk of atrial fibrillation than non cardiac surgery (6°/o) 

B. Patients \'l'ith perioperative atrial fibrillation following cardiac surgery should not receive anticoagulation ( 1 % ) 

C. Perioperative atrial fibrillation increases the risk of stroke with either type of surgery (46%) 

0 . Perioperative atrial fibrillation is not predictive of stroke in patients undergoing cardiac surgery (24°/o) 

E. The risk of stroke after noncardiac surgery is significantly higher compared to that after cardiac surgery (20%) 

Omitted 
Correct answer 
C 

ll1, 46o/o 
L!!l Answered correctly 

ri"I 04 secs 
\.::) nme Spent 

¢=l 05/28/2020 
El Last Updated 
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In this scenario, noncardiac surgery patients with perioperative atrial fibrillation had a higher rate of stroke in the year following thei r hospitalization 

compared to those without perioperative atrial fibrillation (1.37% versus 0.32%}; the hazard ratio (HR) for this was 1.9. Similarly, cardiac surgery 

patients with perioperative atrial fibrillation had a higher rate of stroke compared to those without perioperative atrial fibrillation (0.910/o versus 

0 82%} with a HR of 1.3. 

HR is a measure of effect used in survival or time-to-event analysis. It has almost the same interpretation as relative risk; therefore, these study 

results can be interpreted in tern1s of risk. The null value for HR is 1 (no difference in risk between 2 groups). HR <1 indicates a protective effect, 

but a value >1 indicates a detrimental effect. In this study, the HR of stroke in the setting of perioperative atrial fibrillation (compared to no 

perioperative atrial fibrillation} was 1.9 for noncardiac and 1.3 for cardiac surgery patients; both values are >1 with 95% confidence intervals (Cls} 

that do not cross the null value (dark gray in table below). Therefore, there was a statistically significant increased risk of stroke following 

perioperative atrial fibrillation in both types of surgery. 

Cumulative rate of stroke 1 year after 

hospitalization, 0/o (95% confidence interval) 

Type of Perioperative atrial No perioperative 
Hazard ratio 

(95%, confidence 
surgery fibrillation atrial fibrillation 

interval) 

Noncardiac 1.37 (1.22- 1.69) 0.32 (0.31-0.41) 1.9 (1.5- 2.4) 

Cardiac 0.91 (0.88- 1.07) 0.82 (0. 7 4-0.86) 1.3 (1.1- 1.7) 

Unlike HRs, the rates of stroke (light gray in table below} are not measures of risk or association. For this reason, the Cls for cumulative rates of 

stroke do not have the same interpretation in tem1s of risk as the Cls for the HRs. They are related to sampling. For example, cardiac surgery 

patients with perioperative atrial fibrillation had a 0.91% rate of stroke with a 95% Cl of 0.88%- 1.07°/o. This means that if the study were repeated 

100 times, the rate found would be in the range 0.88%- 1.07% in 95 out of the 100 instances. 

Cumulative rate of stroke 1 year after 
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Unlike HRs, the rates of stroke (light gray in table below} are not measures of risk or association. For this reason, the Cls for cumulative rates of 

stroke do not have the same interpretation in terms of risk as the Cls for the HRs. They are related to sampling. For example, cardiac surgery 

patients with perioperative atrial fibrillation had a 0.910/o rate of stroke with a 95% Cl of 0.88%- 1.07%. This means that if the study were repeated 

100 times, the rate found would be in the range 0.88%- 1.07% in 95 out of the 100 instances. 

Cumulative rate of stroke 1 year after 

hospitalization, 0/o (95% confidence interval} 

Type of Perioperative atrial No perioperative 
Hazard ratio 

(95% confidence 
surgery fibrillation atrial fibrillation 

interval) 

Noncardiac 1.37 (1.22- 1.69) 0.32 (0.31-0.41} 1.9 (1.5- 2.4} 

Cardiac 0.91 (0.88- 1.07) 0.82 (0. 7 4-0.86) 1.3 (1.1- 1.7} 

(Choices A and BJ There is no information provided regarding risk of atrial fibrillation or benefit of anticoagulation based on surgery type. The 

values given relate to stroke and not perioperative atrial fibrillation. 

(Choice D) The HR of 1.3 with a statistically significant Cl means that among patients who underwent cardiac surgery, the risk of stroke was 

higher in those who developed perioperative atrial fibrillation compared to those who did not 

(Choice E) Both cardiac and noncardiac surgery groups had an increased risk of stroke in the setting of perioperative atrial fibrillation (given HRs 

>1 with Cls that do not cross the null). However, the Cls overlap (1.1- 1.7 and 1.5-2.4), so it is difficult to determine whether this increased stroke 

risk is significantly higher in one of the groups compared to the other. 

Educational objective: 

Hazard ratios are used in survival analysis and have a similar interpretation to relative risk. A hazard ratio <1 indicates a protective effect, while a 

value >1 indicates a detrimental effect. 
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A study examines the relationship between urine sodiun1 excretion and systolic blood pressure in a large cohort of patients from several 

countries. The following results are reported for change in systol ic blood pressure for every 1-g increase in urine sodium excretion: 

Change in systol ic blood pressure 
P-value 

N 
in mm Hg for every 1-g increase 

for 
in urine sodium excretion 

interaction 
(95o/o confidence interval) 

Total 98,029 2 01 (2.00-2.31) 

Sodium excretion <0.001 

<3 g/day 11,132 0.68 (-0.32- 1.92) 

3- 5 g/day 44,143 1.80 (1.19-2.09) 

>5 g/day 42,754 2.71 (2.37- 2.81) 

Hypertensive state <0.001 

No hypertension 55,271 1.38 (124-1.41) 

Hypertension 42,758 2.37 (2.31- 2.71) 

Age <0.001 

<45 years 30,910 2.01 (1.91- 2.21) 

45- 55 years 32,217 2. 48 (2.26-2. 71) 

>55 years 34,902 3.01 (2.80-3.23) 

Which of the following best describes the study results? 



[M 
1 

2 

3 

4 

s 
6 

7 

• 8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

- Item 19 of19 ~ <] C> r, I'>\ •! m, rim , ~ ~ = . • \ Mart< L .J \.!..) 1111 ;' ffiffij ~ ~ 
Question Id: 9951 Previous Next Fun Screen Tutorial Lab Yallles Notes Calculator Reverse Color Text Zoom Settings 

3- 5 g/day 44,143 1.80 (1.19-2.09) 

>5 g/day 42,754 2.71 (2.37- 2.81) 

Hypertensive state <0.001 

No hypertension 55,271 1.38 (1.24-1.41) 

Hypertension 42.758 
' 

2.37 (2.31- 2.71) 

Age <0.001 

<45 years 30,910 2.01 (1.91- 2.21) 

45- 55 years 32,217 2.48 (2.26-2.71) 

>55 years 34,902 3.01 (2.80-3.23) 

Which of the following best describes the study results? 

Q A. High sodium excretion causes susceptibility to hypertension 

Q B. In non-hypertensive individuals, there is no association between systolic blood pressure and increase in sodium excretion 

Q C. The slope of association is steeper for patients with hypertension than those without hypertension 

Q 0. Younger individuals (age <45) are more susceptible to the effect of sodium on blood pressure 

Q E. Younger individuals (age <45) have higher sodium excretion 

Submit 
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3- 5 g/day 44,143 1.80 (1.19-2.09) 

>5 g/day 42,754 2.71 (2.37- 2.81) 

Hypertensive state <0.001 

No hypertension 55,271 1.38 (1.24-1.41) 

Hypertension 42.758 
' 

2.37 (2.31- 2.71) 

Age <0.001 

<45 years 30,910 2.01 (1.91- 2.21) 

45- 55 years 32,217 2.48 (2.26-2.71) 

>55 years 34,902 3.01 (2.80-3.23) 

Which of the following best describes the study results? 

A. High sodium excretion causes susceptibility to hypertension ( 18°/o) 

B. In non-hypertensive individuals, there is no association between systolic blood pressure and increase in sodium excretion (5°/o) 

C. The slope of association is steeper for patients with hypertension than those without hypertension (71%) 

0. Younger individuals (age <45) are more susceptible to the effect of sodium on blood pressure (3%) 

E. Younger individuals (age <45) have higher sodium excretion (1°A>) 

Omitted 
Correct answer 
-

11 .. 71 % 
L!!!. Answered correctly 

IT\ 04 secs 
\.::J Time Spent 

02/23/2020 
• Last Updated 
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This study examined the association between change in systolic blood pressure and urine sodium excretion in 98,029 patients. As part of the 

study, the interactions with different variables { eg, hypertensive state, age) were analyzed. As the values reported in the table represent changes 

in systolic blood pressure (for every 1-g increase in urinary sodium excretion), the null value for the corresponding confidence intervals {Cls) is 0 

(as O would represent no change in systolic blood pressure). 

There was a statistically significant association between hypertensive state and change in systolic blood pressure for every 1-g increase in urine 

sodium excretion (P-value for interaction <0.001 ). Patients with hypertension had an average increase of 2.37 mm Hg in systolic blood pressure 

for every 1-g increase in urine sodium excretion. The corresponding 95% Cl does not include the null value; therefore, that increase was 

statistically significant. Patients without hypertension also had a statistically significant increase, but the average increase was 1.38 mm Hg. The 

Cls for the 2 groups (no hypertension: 1.24-1.41 ; and hypertension: 2.31- 2. 71) do not overlap, meaning that the difference between these groups 

was also statistically significant. Therefore, compared to patients without hypertension, patients with hypertension had a greater increase in 

systolic blood pressure {steeper slope of association) per 1-g increase in urine sodium excretion. 

(Choice A) There was a significant association between sodium excretion and change in systolic blood pressure for every 1-g increase in urine 

sodium excretion (P-value for interaction <0.001 ). However, association does not imply causation. 

(Choice B) On average, non-hypertensive individuals had a statistically significant increase in systolic blood pressure of 1.38 mm Hg per 1-g 

increase in urinary sodium excretion. 

(Choice D) Young patients (age <45) had a statistically significant increase in systolic blood pressure, but the increase was less than that seen in 

older individuals. The Cls do not overlap, meaning that the d ifferences between the age groups were statistically significant. Older patients had a 

steeper association with (ie, more susceptibility to) change in blood pressure for every 1-g increase in urine sodium excretion. 

(Choice E) No inforn1ation was provided about the association between age and urinary sodium excretion. The results show that young 

individuals (age <45) had a statistically significant increase in systolic blood pressure for every 1-g increase in urinary sodium excretion. 

Educational objective : 

Non-overlapping confidence intervals suggest statistically significant differences between groups. 

Foundations of Independent Practice Biostatistics & Epidemiology P-value and confidence interval 
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There was a statistically significant association between hypertensive state and change in systolic blood pressure for every 1-g increase in urine 

sodium excretion (P-value for interaction <0.001 ). Patients with hypertension had an average increase of 2.37 mm Hg in systolic blood pressure 

for every 1-g increase in urine sodium excretion. The corresponding 95% Cl does not include the null value; therefore, that increase was 

statistically significant. Patients without hypertension also had a statistically significant increase, but the average increase was 1.38 n1m Hg. The 

Cls for the 2 groups (no hypertension: 1.24-1.41 ; and hypertension: 2.31- 2.71) do not overlap, meaning that the difference between these groups 

was also statistically significant. Therefore, compared to patients without hypertension, patients with hypertension had a g reater increase in 

systolic blood pressure (steeper slope of association) per 1-g increase in urine sodium excretion. 

(Choice A) There was a significant association between sodium excretion and change in systolic blood pressure for every 1-g increase in urine 

sodium excretion (P-value for interaction <0.001 ). However, association does not imply causation. 

(Choice B) On average, non-hypertensive individuals had a statistically significant increase in systolic blood pressure of 1.38 mm Hg per 1-g 

increase in urinary sodium excretion. 

(Choice D) Young patients (age <45) had a statistically significant increase in systolic blood pressure, but the increase was less than that seen in 

older individuals. The Cls do not overlap, meaning that the differences between the age groups were statistically significant. Older patients had a 

steeper association with (ie, more susceptibility to) change in blood pressure for every 1-g increase in urine sodium excretion. 

(Choice E) No information was provided about the association between age and urinary sodium excretion. The results show that young 

individuals (age <45) had a statistically significant increase in systol ic blood pressure for every 1-g increase in urinary sodium excretion. 

Educational objective : 

Non-overlapping confidence intervals suggest statistically significant differences between groups. 
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