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A systematic revievv examines the effect of drug X, a comn1only used medication, on all-cause mortality in patients with a chronic pulmonary 

problem. A systematic search identified 12 retrospective cohort studies. The pooled odds ratio of mortality with drug X use was 0. 72 (95% 

confidence interval : 0.61-0.79). The authors also reported the following funnel plot of the 12 studies, centered around the log of the pooled odds 

ratio: 
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The graphical fi ndings suggest the presence of which of the following? 

Q A. Lead-time bias 

Q B. Placebo effect 

Q C. Publication bias 

Q D. Small samples in drug X treatment arms 
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The graphical findings suggest the presence of which of the following? 

A. Lead-time bias (15o/o) 

B. Placebo effect (8%) 

C. Publication bias ( 40%) 

D. Small samples in drug X treatment arms (360fc,) 

Omitted 
Correct answer 

11 .. 40% 
L!!!. Answered correcUy -
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02/02/2020 
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A funnel plot is helpful in assessing publication bias. Each study's treatment effect (on the x-axis) is plotted against a measure of that study's 

size or precision, usually using the standard error of the treatment effect (on the y-axis). The triangle is centered on a summary estimate of the 

treatment effect (eg, pooled estimate of odds ratio, usually in log scale) with its sides corresponding to standard errors. If there is no bias, any 

scatter between the study results should be due to sampling variation, and 95%, of studies should lie vvithin the triangle centered on the summary 

estimate and extending 1.96 standard errors on either side. Because a larger sample size is associated with increased precision, larger studies 

(more powerful) will be at the top and have a narrow spread whereas small studies will be scattered widely at the base of the triangle. 

Funnel plots should be symmetric in the absence of study heterogeneity and publication bias. In this figure, however, there are no stud ies on the 

right side of the funnel. This asymmetry suggests publication bias (ie, studies showing null/increased effect of drug X on mortality are noticeably 

absent as they are less likely to have been published). Other possible explanations for asymmetry include heterogeneity, methodological 

anomalies, artifact, or chance. 

(Choice A) Lead-time bias occurs v,hen several disease interventions are compared and one of the interventions diagnoses the disease earlier 

than the others without an effect on the outcome ( eg, survival). This would make it appear that the intervention prolonged survival whereas in 

actuality it only diagnosed the disease sooner. This funnel plot does not help to assess lead-time bias. 

(Choice B) The placebo effect is the phenomenon whereby a patient's symptoms are alleviated by an otherwise ineffective treatment, most likely 

as a result of the fact that the individual expects that the treatment will work. This funnel plot does not help to assess placebo effect. 

(Choice D) A small sample size (low number of patients) in the drug X treatment arms would lead to more studies at the base of the triangle 

because such studies v,ould have lower power and larger standard errors. 

Educational objective: 

Asymmetry in a funnel plot suggests publication bias. 

References 

• Recommendations for examining and interpreting funnel plot asymmetry in meta-analyses of randomised controlled trials. 

• Bias in meta-analysis detected by a simple, graphical test. 
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Abstract: 

Hypothesis: There is an unmet need for effective dietary interventions to reduce the 
burden of gout. Dietary Approaches to Stop Hypertension (DASH) and Western diets 
show opposing associations with the risk of gout. 

Methods: 

Design: Prospective cohort study, 26 years of follov,-up. 

Participants: 44,444 men with no history of gout at baseline. 

Assess,nent: Participants were assigned a DASH dietary pattern score and a 
Western dietary pattern score. All participants were classified into fifths according 
to their intake ranking on each dietary pattern, with higher fifths corresponding to 
stricter adherence with the respective dietary pattern. 

Outcome ,neasures: Risk of incident gout fulfilling the preliminary survey criteria 
for gout by the American College of Rheun1atology. 

Results: 
The following data v,ere reported for the incidence of gout according to fifths of DASH 

and Western dietary pattern scores: 

Fifths 

Variable First Fifth 
(lowest) Second Third Fourth (highest) 

DASH diet 

Cases 396 391 354 332 252 

Person-years 192,891 195,970 196,510 192,697 193,455 

The abstract shown applies to the next 2 items. 

A 49-year-old man comes to the office for follow-up. A friend was recently diagnosed 

vtith gout, and the patient is anx ious that he will also develop gout. The patient states 

that he had read "something about a diet called DASH that reduces the excess of uric 

acid in the blood and reduces the risk of gout." He would like to try the diet but asks if a 

less strict version would nevertheless help to reduce his chances of developing gout. 

Item 1 of 2 

Based on the abstract, if this patient decided to adopt a strict version of the DASH diet 

( corresponding to the highest fifth intake ranking) as compared to a less strict version of 

the DASH diet (corresponding to the third fifth intake rating}, what proportion of his 

reduction in risk of gout could be attributed to this intervention? 

Q A. 0.28 

0 B. 0.50 

0 C. 0.72 

0 D. 1.00 

0 E. 1.38 
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Abstract: 

Hypothesis: There is an unmet need for effective dietary interventions to reduce the 
burden of gout. Dietary Approaches to Stop Hypertension (DASH) and Western diets 
show opposing associations with the risk of gout. 

Methods: 

Design: Prospective cohort study, 26 years of follov,-up. 

Participants: 44,444 men with no history of gout at basel ine. 

Assess,nent: Participants were assigned a DASH dietary pattern score and a 
Western dietary pattern score. All participants were classified into fifths according 
to their intake ranking on each dietary pattern, with higher fifths corresponding to 
stricter adherence with the respective dietary pattern. 

Outcome ,neasures: Risk of incident gout fulfilling the preliminary survey criteria 
for gout by the American College of Rheun1atology. 

Results: 
The following data v,ere reported for the incidence of gout accord ing to fifths of DASH 
and VVestern dietary pattern scores: 

Fifths 

Variable First Fifth 
(lowest) Second Third Fourth (highest) 

DASH diet 

Cases 396 391 354 332 252 

Person-years 192,891 195,970 196,510 192,697 193,455 

The abstract shown applies to the next 2 items. 

A 49-year-old man comes to the office for follow-up. A friend was recently diagnosed 

vtith gout, and the patient is anxious that he will also develop gout. The patient states 

that he had read "something about a diet called DASH that reduces the excess of uric 

acid in the blood and reduces the risk of gout." He would like to try the diet but asks if a 

less strict version would nevertheless help to reduce his chances of developing gout. 

Item 1 of 2 

Based on the abstract, if this patient decided to adopt a strict version of the DASH diet 

( corresponding to the highest fifth intake ranking) as compared to a less strict version of 

the DASH diet (corresponding to the third fifth intake rating}, what proportion of his 

reduction in risk of gout could be attributed to this intervention? 

Q A. 0.28 

0 B. 0.50 

0 C. 0.72 

0 D. 1.00 

0 E. 1.38 
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Abstract: 

Hypothesis: There is an unmet need for effective dietary interventions to reduce the 
burden of gout. Dietary Approaches to Stop Hypertension (DASH) and Western diets 
show opposing associations with the risk of gout. 

Methods: 

Design: Prospective cohort study, 26 years of follov,-up. 

Participants: 44,444 men with no history of gout at basel ine. 

Assess,nent: Participants were assigned a DASH dietary pattern score and a 
Western dietary pattern score. All participants were classified into fifths according 
to their intake ranking on each dietary pattern, with higher fifths corresponding to 
stricter adherence with the respective dietary pattern. 

Outcome ,neasures: Risk of incident gout fulfilling the preliminary survey criteria 
for gout by the American College of Rheun1atology. 

Results: 
The following data v,ere reported for the incidence of gout accord ing to fifths of DASH 
and VVestern dietary pattern scores: 

Fifths 

Variable First Fifth 
(lowest) Second Third Fourth (highest) 

DASH diet 

Cases 396 391 354 332 252 

Person-years 192,891 195,970 196,510 192,697 193,455 

The abstract shown applies to the next 2 items. 

A 49-year-old man comes to the office for follow-up. A friend was recently diagnosed 

vtith gout, and the patient is anxious that he will also develop gout. The patient states 

that he had read "something about a diet called DASH that reduces the excess of uric 

acid in the blood and reduces the risk of gout." He would like to try the diet but asks if 

a less strict version would nevertheless help to reduce his chances of developing gout. 

Item 1 of 2 

Based on the abstract, if this patient decided to adopt a strict version of the DASH diet 

( corresponding to the highest fifth intake ranking) as compared to a less strict version 

of the DASH diet (corresponding to the third fifth intake rating), v,hat proportion of his 

reduction in risk of gout could be attributed to this intervention? 

A. 0.28 (42%) 

B. 0.50 (14%) 

C. 0.72 (30%) 

D. 1.00 (6%) 

E. 1.38 (6%) 

Omitted 
Correct answer 
A 
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Abstract: 

Hypothesis: There is an unmet need for effective dietary interventions to reduce the 
burden of gout. Dietary Approaches to Stop Hypertension (DASH) and Western diets 
show opposing associations with the risk of gout. 

Methods: 

Design: Prospective cohort study, 26 years of follov,-up. 

Participants: 44,444 men with no history of gout at basel ine. 

Assess,nent: Participants were assigned a DASH dietary pattern score and a 
Western dietary pattern score. All participants were classified into fifths according 
to their intake ranking on each dietary pattern, with higher fifths corresponding to 
stricter adherence with the respective dietary pattern. 

Outcome ,neasures: Risk of incident gout fulfilling the preliminary survey criteria 
for gout by the American College of Rheun1atology. 

Results: 
The following data v,ere reported for the incidence of gout accord ing to fifths of DASH 
and VVestern dietary pattern scores: 

Fifths 

Variable First Fifth 
(lowest) Second Third Fourth (highest) 

DASH diet 

Cases 396 391 354 332 252 

Person-years 192,891 195,970 196,510 192,697 193,455 

The relative risk reduction (RRR) quantifies the proportion of risk 

reduction attributable to a specific intervention or exposure as compared to a 

control. RRR considers the risk for disease in the exposed/intervention group and 

the unexposed/control group as follows: 

RRR = ( risk in unexposed - risk in exposed) / (risk in unexposed) 

In this case, the exposed/intervention group is the DASH diet in the highest fifth, and 

the unexposed/control group is the DASH diet in the third fifth; the risks are reported in 

person-years (incidence densities). The risk of gout among subjects adopting a DASH 

diet in the third fifth (unexposed/control group) is 354 / 196,510 = 0.0018, or 1.8 per 

1,000 person-years; the risk of gout among subjects adopting a DASH diet in the 

highest fifth (exposed group) is 252 / 193,455 = 0.0013, or 1.3 per 1,000 person

years. Therefore, the RRR is calculated as: 

RRR = (1 .8 per 1,000 person-years- 1.3 per 1,000 person-years) / 1.8 per 1,000 

person-years 

RRR = 0.5 / 1.8 = -0.28 (28%) 

Alternately, RRR is frequently calculated by subtracting the relative risk (RR) from 1: 

RRR = 1 - RR. RR is the risk of developing a disease ( eg, gout) in the exposed group 

( eg, DASH diet in highest fifth) divided by the risk of developing the same disease in 

the unexposed group (eg, DASH diet in third fifth). In this case, RR= 0.0013 I 0.0018 

= -0.72 (72o/o) (Choice C) Therefore, RRR = 1 - 0.72 = 0.28. 

This means that, compared to patients who adopt a diet DASH diet in the third fifth, 

patients who adopt a DASH diet in the highest fifth reduce their risk of gout by 28%. 

(Choice B) The absolute risk reduction (ARR) is defined as the difference in risk 
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Abstract: 

Hypothesis: There is an unmet need for effective dietary interventions to reduce the 
burden of gout. Dietary Approaches to Stop Hypertension (DASH) and Western diets 
show opposing associations with the risk of gout. 

Methods: 

Design: Prospective cohort study, 26 years of follov,-up. 

Participants: 44,444 men with no history of gout at baseline. 

Assess,nent: Participants were assigned a DASH dietary pattern score and a 
Western dietary pattern score. All participants were classified into fifths according 
to their intake ranking on each dietary pattern, with higher fifths corresponding to 
stricter adherence with the respective dietary pattern. 

Outcome ,neasures: Risk of incident gout fulfilling the preliminary survey criteria 
for gout by the American College of Rheun1atology. 

Results: 
The following data v,ere reported for the incidence of gout accord ing to fifths of DASH 
and VVestern dietary pattern scores: 

Fifths 

Variable First Fifth 
(lowest) Second Third Fourth (highest) 

DASH diet 

Cases 396 391 354 332 252 

Person-years 192,891 195,970 196,510 192,697 193,455 

RRR = (1 .8 per 1,000 person-years- 1.3 per 1,000 person-years) / 1.8 per 1,000 

person-years 

RRR = 0.5 / 1.8 = -0.28 (28%) 

Alternately, RRR is frequently calculated by subtracting the relative risk (RR) from 1: 

RRR = 1 - RR. RR is the risk of developing a disease ( eg, gout) in the exposed group 

(eg, DASH diet in highest fifth) divided by the risk of developing the same disease in 

the unexposed group (eg, DASH diet in third fifth) In this case, RR= 0.0013 / 0.0018 

= -0.72 (72%) (Choice C). Therefore, RRR = 1 - 0.72 = 0.28. 

This means that, compared to patients who adopt a diet DASH diet in the third fifth, 

patients who adopt a DASH diet in the highest fifth reduce their risk of gout by 28o/o. 

(Choice B) The absolute risk reduction (ARR) is defined as the difference in risk 

between the unexposed and exposed groups. In this case, ARR= 1.8 per 1,000 

person-years - 1.3 per 1,000 person-years= 0.5 per 1,000 person-years. 

(Choice E) If adopting a DASH diet in the third fifth is considered the exposure and 

adopting a DASH diet in the highest fifth is considered the reference, then RR = 

0.0018 / 0.0013 = -1.38. This means that a DASH diet in the third fifth increases the 

likelihood of gout by 38% when compared to a DASH diet in the highest fifth. 

Educational objective: 

Relative risk reduction may be used to determine which of 2 interventions is more 

beneficial to reduce the risk of disease based on incidence densities (ie, person-years 

data). Careful attention is required when identifying the exposed and unexposed 

groups between 2 interventions. 
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Abstract: 

Hypothesis: There is an unmet need for effective dietary interventions to reduce the 
burden of gout. Dietary Approaches to Stop Hypertension (DASH) and Western diets 
show opposing associations w ith the risk of gout. 

Methods: 

Design: Prospective cohort study, 26 years of follov,-up. 

Participants: 44,444 men with no history of gout at basel ine. 

Assess,nent: Participants were assigned a DASH dietary pattern score and a 
Western dietary pattern score. All participants were classified into fifths according 
to their intake ranking on each dietary pattern , with higher fifths corresponding to 
stricter adherence with the respective dietary pattern. 

Outcome ,neasures: Risk of incident gout fulfilling the preliminary suNey criteria 
for gout by the American College of Rheun1atology. 

Results: 
The following data v1ere reported for the incidence of gout accord ing to fifths of DASH 
and VVestern dietary pattern scores: 

Fifths 

Variable First Fifth 
(lowest) Second Third Fourth (highest) 

DASH diet 

Cases 396 391 354 332 252 

Person-years 192,891 195,970 196,510 192,697 193,455 

--- ---- ------------------- -

RRR = 1 - RR. RR is the risk of developing a disease (eg, gout) in the exposed group 

(eg, DASH diet in highest fifth) divided by the risk of developing the same disease in 

the unexposed group (eg, DASH diet in third fifth). In this case, RR= 0.0013 / 0.0018 

= -0.72 (72%) (Choice C) Therefore, RRR = 1 - 0.72 = 0.28. 

This means that, compared to patients who adopt a diet DASH diet in the third fifth, 

patients who adopt a DASH diet in the highest fifth reduce their risk of gout by 28%. 

(Choice B) The absolute risk reduction (ARR) is defined as the difference in risk 

between the unexposed and exposed groups. In this case, ARR = 1.8 per 1,000 

person-years - 1.3 per 1,000 person-years= 0.5 per 1,000 person-years. 

(Choice E) If adopting a DASH diet in the third fifth is considered the exposure and 

adopting a DASH diet in the highest fifth is considered the reference, then RR = 

0.0018 / 0.0013 = -1.38. This means that a DASH diet in the third fifth increases the 

likelihood of gout by 38o/o when compared to a DASH diet in the highest fifth. 

Educational objective: 

Relative risk reduction may be used to determine which of 2 inteNentions is more 

beneficial to reduce the risk of disease based on incidence densities (ie, person-years 

data). Careful attention is required when identifying the exposed and unexposed 

groups between 2 interventions. 

Foundations of Independent Practice 
Subjecl 

Risk, rate, prevalence and incidence 
Topic 
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Abstract: 

Hypothesis: There is an unmet need for effective dietary interventions to reduce the 
burden of gout. Dietary Approaches to Stop Hypertension (DASH) and Western diets 
show opposing associations with the risk of gout. 

Methods: 

Design: Prospective cohort study, 26 years of follov,-up. 

Participants: 44,444 men with no history of gout at basel ine. 

Assess,nent: Participants were assigned a DASH dietary pattern score and a 
Western dietary pattern score. All participants were classified into fifths according 
to their intake ranking on each dietary pattern, with higher fifths corresponding to 
stricter adherence with the respective dietary pattern. 

Outcome ,neasures: Risk of incident gout fulfilling the preliminary survey criteria 
for gout by the American College of Rheun1atology. 

Results: 
The following data v,ere reported for the incidence of gout according to fifths of DASH 
and VVestern dietary pattern scores: 

Fifths 

Variable First Fifth 
(lowest) Second Third Fourth (highest) 

DASH diet 

Cases 396 391 354 332 252 

Person-years 192,891 195,970 196,510 192,697 193,455 

Item 2 of 2 

Based on the abstract, which of the follov,ing is true about the magnitude of the risk of 

gout among patients adopting a \IVestern diet in the highest fifth as compared to patients 

adopting a Western diet in the lowest fifth? 

Q A. A Western diet in the highest fifth does not seem to increase the risk for 

gout when compared to a \IVestern diet in the lowest fifth . 

Q B. A Western diet in the highest fifth is associated with a 17% reduction in the 

risk for gout when compared to a Western diet in the lowest fifth. 

Q C. A Western diet in the highest fifth is associated with a 20o/o increase in the 

risk for gout when compared to a \IVestern diet in the lowest fifth . 

Q D. A Western diet in the lowest fifth is associated with an 80% increase in the 

risk for gout when compared to a Western diet in the highest fifth. 

Q E. A Western diet in the lowest fifth is associated vvith an 83% reduction in 

the risk for gout when compared to a Western diet in the highest fifth. 
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Abstract: 

Hypothesis: There is an unmet need for effective dietary interventions to reduce the 
burden of gout. Dietary Approaches to Stop Hypertension (DASH) and Western diets 
show opposing associations with the risk of gout. 

Methods: 

Design: Prospective cohort study, 26 years of follov,-up. 

Participants: 44,444 men with no history of gout at basel ine. 

Assess,nent: Participants were assigned a DASH dietary pattern score and a 
Western dietary pattern score. All participants were classified into fifths according 
to their intake ranking on each dietary pattern, with higher fifths corresponding to 
stricter adherence with the respective dietary pattern. 

Outcome ,neasures: Risk of incident gout fulfilling the preliminary survey criteria 
for gout by the American College of Rheun1atology. 

Results: 
The following data v,ere reported for the incidence of gout accord ing to fifths of DASH 
and VVestern dietary pattern scores: 

Fifths 

Variable First Fifth 
(lowest) Second Third Fourth (highest) 

DASH diet 

Cases 396 391 354 332 252 

Person-years 192,891 195,970 196,510 192,697 193,455 

Item 2 of 2 

Based on the abstract, which of the follov,ing is true about the magnitude of the risk of 

gout among patients adopting a \IVestern diet in the highest fifth as compared to 

patients adopting a Western diet in the lowest fifth? 

A. A Western diet in the highest fifth does not seem to increase the risk for 

gout when compared to a \IVestern diet in the lowest fifth . (8o/o) 

B. A Western diet in the highest fifth is associated with a 17% reduction in 

the risk for gout when compared to a Western diet in the lowest fifth. 

(13°/o) 

C. A Western diet in the highest fifth is associated with a 20% increase in 

the risk for gout when compared to a Western diet in the lowest fifth. 

(62°/o) 

D. A Western diet in the lowest fifth is associated with an 80% increase in 

the risk for gout when compared to a Western diet in the highest fifth . 

(4%) 

E. A Western diet in the lowest fifth is associated with an 83% reduction in 

the risk for gout when compared to a Western diet in the highest fifth . 

(11%) 

Omitted 
Correct answer 

C 

II,, 62% Ii) 03 secs 
l!!!. Answered correctly ~ Tiffie Spent 

06/16/2020 
• Last Updated 
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Abstract: 

Hypothesis: There is an unmet need for effective dietary interventions to reduce the 
burden of gout. Dietary Approaches to Stop Hypertension (DASH) and Western diets 
show opposing associations with the risk of gout. 

Methods: 

Design: Prospective cohort study, 26 years of follov,-up. 

Participants: 44,444 men with no history of gout at basel ine. 

Assess,nent: Participants were assigned a DASH dietary pattern score and a 
Western dietary pattern score. All participants were classified into fifths according 
to their intake ranking on each dietary pattern, with higher fifths corresponding to 
stricter adherence with the respective dietary pattern. 

Outcome ,neasures: Risk of incident gout fulfilling the preliminary survey criteria 
for gout by the American College of Rheun1atology. 

Results: 
The following data v,ere reported for the incidence of gout accord ing to fifths of DASH 
and VVestern dietary pattern scores: 

Fifths 

Variable First Fifth 
(lowest) Second Third Fourth (highest) 

DASH diet 

Cases 396 391 354 332 252 

Person-years 192,891 195,970 196,510 192,697 193,455 

Relative risk (RR) can be calculated in observational or experimental follow-up 

studies as follov,s: 

RR = Risk of disease in exposed group / risk of disease in unexposed group 

The RR usually indicates how high or low the risk for disease is among the exposed 

compared to the unexposed group. However, the RR can also be extended to 

compare risk for disease at different levels of an intervention or risk factor. The 

comparison is interpreted depending on which group is used as the denominator (ie, 

reference group): 

• RR <1.0 indicates decreased risk in the group in the numerator 

, RR= 1.0 indicates no difference in risk between the groups 

• RR >1.0 indicates increased risk in the group in the numerator 

In this case, the numerator is the group of patients adopting a Western diet in the 

highest fifth , whereas the denominator (ie, reference group) is the group of patients 

adopting a \,Vestern diet in the lovvest fifth. Therefore: 

RR= (348 1 192,778) I (287 / 190,572) = 0.0018 / 0.0015 = - 1.2 

RR= 1.2 (= 120°/o) indicates that adopting a Western diet in the highest fifth increases 

the risk of gout by 20o/o (= 1.2 -1 = 120% - 100%) when compared to adopting a 

Western diet in the lowest fifth (Choices A and B). 

(Choices D and E) Assuming the reference group (ie, denominator) is patients 

adopting a Western diet in the highest fifth, the RR can be calculated as follows: 

RR= (287 / 190,572) I (348 / 192,778) = 0.0015 / 0.0018 = -0.83 

RR = 0.83 indicates that the risk of gout among patients adopting a Western diet in the 

lowest fifth is 0.83 times (ie, 83o/o) the risk of gout among patients adopting Western 
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Abstract: 

Hypothesis: There is an unmet need for effective dietary interventions to reduce the 

burden of gout. Dietary Approaches to Stop Hypertension (DASH) and Western diets 

show opposing associations with the risk of gout. 

Methods: 

Design: Prospective cohort study, 26 years of follov,-up. 

Participants: 44,444 men with no history of gout at basel ine. 

Assess,nent: Participants were assigned a DASH dietary pattern score and a 

Western dietary pattern score. All participants were classified into fifths according 

to their intake ranking on each dietary pattern , with higher fifths corresponding to 

stricter adherence with the respective dietary pattern. 

Outcome ,neasures: Risk of incident gout fulfilling the preliminary survey criteria 

for gout by the American College of Rheun1atology. 

Results: 
The following data v,ere reported for the incidence of gout according to fifths of DASH 

and VVestern dietary pattern scores: 

Fifths 

Variable First Fifth 
(lowest) Second Third Fourth (highest) 

DASH diet 

Cases 396 391 354 332 252 

Person-years 192,891 195,970 196,510 192,697 193,455 

RR= (348 / 192,778) I (287 / 190,572) = 0.0018 / 0.0015 = - 1.2 

RR= 1.2 (= 120°/o) indicates that adopting a Western diet in the highest fifth increases 

the risk of gout by 20o/o (= 1.2 -1 = 120% - 100o/o) when compared to adopting a 

Western diet in the lowest fifth (Choices A and 8). 

(Choices D and E) Assuming the reference group (ie, denominator) is patients 

adopting a Western diet in the highest fifth, the RR can be calculated as follow s: 

RR= (287 / 190,572) / (348 / 192,778) = 0.0015 / 0.0018 = -0.83 

RR = 0.83 indicates that the risk of gout among patients adopting a Western diet in the 

lowest fifth is 0.83 times (ie, 83%) the risk of gout among patients adopting Western 

diet in the highest fifth. An alternate interpretation is that adopting a Western diet in 

the lowest fifth is associated with a 17°/o (= 1 - 0.83 = 0.1 7) decrease in risk for gout 

when compared to adopting a Western diet in the highest fifth. 

Educational objective: 

Relative risk is a measure of the strength of association between exposure and 

disease in follow-up studies. Typically, it is the risk of the exposed group divided by 

the risk of the unexposed group. However, the exposure status may be redefined to 

designate different levels of an intervention or risk factor. 

Foundations of Independent Practice 
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Abstract: 

Hypothesis: Exposure to vinyl chloride increases the risk of liver and other cancers. 

Methods: 
Design.· Cohort study 

Participants: 10,250 men employed in the manufacture of vinyl chloride or polyvinyl 
chloride resin between 1942 and 1972. 

Exposure: Job and department assignments v,ere used to assign each cohort member 

to similar exposure groups, and a cumulative exposure index was constructed to account 
for exposure level and duration of exposure. 

Outcome measures: Mortality rates by age, calendar interval for cause-specific 
categories of cause of death, and facility location were obtained, and standardized 
mortality ratios were calculated for overall and cause-specific categories of death through 

December 31, 2015. 

Results: 
Observed and expected deaths, and standardized mortal ity ratios for selected causes of 

death among vinyl chloride workers, \Vere as follows: 

Cause of death Observed Expected SMR 95% Cl 

All causes 5636 6493.2 0.87 0.85 to 0.89 

All malignant neoplasms 1713 1741 .0 0.98 0.94 to 1.03 

Liver 117 31.8 3.68 3.04 to 4.41 

Pancreas 75 83.4 0.90 0.71 to 1.13 

Larynx 12 21.5 0.56 0.29 to 0.97 

Lung 591 672.5 0.88 0.81 to 0.95 

The abstract applies to the next 2 items. 

Item 1 of 2 

Based on the data, which of the following statements is most accurate concerning 

exposure to vinyl chloride in the cohort of 10,250 workers? 

Q A. Brain cancer, melanoma, and non-Hodgkin lymphoma mortality \"!ere 

significantly elevated among workers. 

Q B. Exposure to vinyl chloride significantly reduces the risk for Hodgkin 

disease among workers. 

Q C. Mortality from laryngeal cancer and lung cancer among workers is not 

statistically lower than expected. 

Q D. The expected number of deaths from liver cancer among workers was 

significantly higher than the observed number. 

Q E. The observed number of deaths among workers was sign ificantly higher 

for cancers of the connective and soft tissues. 

Submit 
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Abstract: 

Hypothesis: Exposure to vinyl chloride increases the risk of liver and other cancers. 

Methods: 
Design.· Cohort study 

Participants: 10,250 men employed in the manufacture of vinyl chloride or polyvinyl chloride 
resin between 1942 and 1972. 

Exposure: Job and department assignments were used to assign each cohort member to similar 
exposure groups, and a cumulative exposure index was constructed to account for exposure 
level and duration of exposure. 

Outcome measures: Mortality rates by age, calendar interval for cause-specific categories of 
cause of death, and facility location were obtained, and standardized mortality ratios were 
calculated for overall and cause-specific categories of death through December 31 , 2015. 

Results: 
Observed and expected deaths, and standardized mortality ratios for selected causes of death 

among vinyl chloride workers, were as follows: 

Cause of death Observed Expected SMR 95°/o Cl 

All causes 5636 6493.2 0.87 0.85 to 0.89 

All malignant neoplasms 1713 1741.0 0.98 0.94 to 1.03 

Liver 117 31.8 3.68 3.04 to 4.41 

Pancreas 75 83.4 0.90 0.71 to 1.13 

Larynx 12 21.5 0.56 0.29 to 0.97 

Lung 591 672.5 0.88 0.81 to 0.95 

The abstract applies to the next 2 items. 

Item 1 of 2 

Based on the data, which of the following statements is most accurate concerning exposure to 

vinyl chloride in the cohort of 10,250 workers? 

../ 

A. Brain cancer, melanoma, and non-Hodgkin lymphoma mortality v1ere 

significantly elevated among workers. (5%) 

B. Exposure to vinyl chloride significantly reduces the risk for Hodgkin disease 

among workers. (2o/o) 

C. Mortality from laryngeal cancer and lung cancer among workers is not 

statistically lower than expected. (7°/o) 

D. The expected number of deaths from liver cancer among workers was 

significantly higher than the observed number. (16°/o) 

E. The observed number of deaths among workers was significantly higher for 

cancers of the connective and soft tissues. (68%) 

Omitted 
Correct answer 

E 

Explanation 

h1, 68°/o 
l!!!. Answered correctly 

(j"'\ 21 secs 
\..:y Time Spent 

F=i 07/08/2020 
El last Updated 

The standardized mortality ratio (SMR) quantifies mortality in a specific group as compared 
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Abstract: 

Hypothesis: Exposure to vinyl chloride increases the risk of liver and other cancers . 

Methods: 
Design.· Cohort study 

Participants: 10,250 men employed in the manufacture of vinyl chloride or polyvinyl chloride 
resin between 1942 and 1972. 

Exposure: Job and department assignments were used to assign each cohort member to similar 
exposure groups, and a cumulative exposure index was constructed to account for exposure 
level and duration of exposure. 

Outcome measures: Mortality rates by age, calendar interval for cause-specific categories of 
cause of death, and facility location were obtained, and standardized mortality ratios were 
calculated for overall and cause-specific categories of death through December 31 , 2015. 

Results: 
Observed and expected deaths, and standardized mortality ratios for selected causes of death 

among vinyl chloride workers, were as follows: 

Cause of death Observed Expected SMR 95°10 Cl 

All causes 5636 6493.2 0.87 0.85 to 0.89 

All malignant neoplasms 1713 1741.0 0.98 0.94 to 1 03 

Liver 117 31.8 3.68 3.04 to 4.41 

Pancreas 75 83.4 0.90 0.71 to 1.13 

Larynx 12 21.5 0.56 0.29 to 0.97 

Lung 591 672.5 0.88 0.81 to 0.95 

Melanoma 29 26.7 1 09 0.73 to 1.56 

The standardized mortality ratio (SMR) quantifies mortality in a specific group as compared 

to the general population. It is the ratio of observed to expected number of deaths in a 

specific group of the general population under the assumption that mortality rates for the group 

are the same as those for the general population. The expected number of deaths is 

calculated based on age-specific mortality rates in a standard reference population 

(typically, the general US population). This value is then contrasted to the observed number of 

deaths in the specific group as follows: 

SMR = observed number of deaths / expected number of deaths 

The SMR is usually used in occupational studies to determine whether the observed number 

of deaths in a group (eg, workers) exposed to a specific risk factor (eg, vinyl chloride} exceeds 

what would be expected in a similar population (eg, US population) excluding the risk factor of 

interest 

• SMR <1 indicates that the number of observed deaths in the study group is lower than 

vvhat is expected 

• SMR = 1 indicates that the number of observed deaths in the study group is equal to 

\"lhat is expected 

, SMR >1 indicates that the number of observed deaths in the study group is greater than 

what is expected 

A confidence interval (Cl) that does not include the null value ( 1. O for SM Rs) indicates a 

statistically significant difference between the observed and expected number of deaths. 

In this case, the observed number of deaths due to cancers of the connective and soft tissues 

among workers was higher than expected, given SMR = 2.43 with a 95°10 Cl (1.48, 3.75). The 

95°10 Cl does not include the null value, indicating that the observed number of deaths due to 

this specific cause among vinyl workers is significantly higher than the expected number of 
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Abstract: 

Hypothesis: Exposure to vinyl chloride increases the risk of liver and other cancers. 

Methods: 
Design.· Cohort study 

Participants: 10,250 men employed in the manufacture of vinyl chloride or polyvinyl chloride 
resin between 1942 and 1972. 

Exposure: Job and department assignments were used to assign each cohort member to similar 
exposure groups, and a cumulative exposure index was constructed to account for exposure 
level and duration of exposure. 

Outcome measures: Mortality rates by age, calendar interval for cause-specific categories of 
cause of death, and facility location were obtained, and standardized mortality ratios were 
calculated for overall and cause-specific categories of death through December 31 , 2015. 

Results: 
Observed and expected deaths, and standardized mortality ratios for selected causes of death 

among vinyl chloride workers, were as follows: 

Cause of death Observed Expected SMR 95°10 Cl 

All causes 5636 6493.2 0.87 0.85 to 0.89 

All malignant neoplasms 1713 1741.0 0.98 0.94 to 1 03 

Liver 117 31.8 3.68 3.04 to 4.41 

Pancreas 75 83.4 0.90 0.71 to 1.13 

Larynx 12 21.5 0.56 0.29 to 0.97 

Lung 591 672.5 0.88 0.81 to 0.95 

Melanoma 29 26.7 1 09 0.73 to 1.56 

A confidence interval (Cl) that does not include the null value (1.0 for SMRs) indicates a 

statistically significant difference between the observed and expected number of deaths. 

In this case, the observed number of deaths due to cancers of the connective and soft tissues 

among workers was higher than expected, given SMR = 2.43 with a 95°10 Cl (1.48, 3.75). The 

95°10 Cl does not include the null value, indicating that the observed number of deaths due to 

this specific cause among vinyl workers is significantly higher than the expected number of 

deaths. 

(Choices A and 6) Mortality due to brain and central nervous system cancer (SMR = 1.27 

vvith 950/o Cl [0.95, 1.66]), melanoma (SMR = 1 09 vvith 95% Cl [0.73, 1.56]), and non-Hodgkin 

lymphoma (SMR = 1.02 with 95%, Cl [0.79, 1.30]) was elevated among vinyl workers; similarly, 

exposure to vinyl chloride was associated with a reduction in risk for Hodgkin disease among 

vvorkers (SlvlR = 0.37 with 95% Cl [0.08, 1.08]). However, none of these results were 

statistically significant because all Cls included the null value. 

(Choice C) lv'lortality from laryngeal cancer and lung cancer among workers is statistically 

lower than expected (SlvlR = 0.56 with 95% Cl [0.29, 0.97); SMR = 0.88 with 95°10 Cl [0.81 , 

0.95], respectively). The C ls exclude the null value. 

(Choice D) Given SMR = 3.68 with a 95% Cl (3.04, 4.41), the observed number of deaths 

fron1 liver cancer among workers was significantly higher than the expected number of deaths, 

not vice versa. 

Educational objective: 

The standardized mortality ratio (SlvlR) represents an adjusted measure of overall mortality. 

An SMR >1 indicates that the observed number of deaths in the population of interest (eg, vinyl 

chloride workers) is greater than the expected number of deaths in the standard reference 

population. The statistical significance of the SMR is established by the confidence interval. 
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Abstract: 

Hypothesis: Exposure to vinyl chloride increases the risk of liver and other cancers. 

Methods: 
Design.· Cohort study 

Participants: 10,250 men employed in the manufacture of vinyl chloride or polyvinyl chloride 
resin between 1942 and 1972. 

Exposure: Job and department assignments were used to assign each cohort member to similar 
exposure groups, and a cumulative exposure index was constructed to account for exposure 
level and duration of exposure. 

Outcome measures: Mortality rates by age, calendar interval for cause-specific categories of 
cause of death, and facility location were obtained, and standardized mortality ratios were 
calculated for overall and cause-specific categories of death through December 31 , 2015. 

Results: 
Observed and expected deaths, and standardized mortality ratios for selected causes of death 

among vinyl chloride workers, were as follows: 

Cause of death Observed Expected SMR 95°/o Cl 

All causes 5636 6493.2 0.87 0.85 to 0.89 

All malignant neoplasms 1713 1741.0 0.98 0.94 to 1 03 

Liver 117 31.8 3.68 3.04 to 4.41 

Pancreas 75 83.4 0.90 0.71 to 1.13 

Larynx 12 21.5 0.56 0.29 to 0.97 

Lung 591 672.5 0.88 0.81 to 0.95 

Melanoma 29 26.7 1 09 0.73 to 1.56 

-------------- ------ -- -- - -----------

deaths. 

(Choices A and B) Mortality due to brain and central nervous system cancer (SIVIR = 1.27 

with 95o/o Cl (0.95, 1.66]), melanoma (SIV1R = 1.09 with 95% Cl (0. 73, 1.56]), and non-Hodgkin 

lymphoma (SMR = 1.02 with 95% Cl [0.79, 1.30]) v,as elevated among vinyl workers; similarly, 

exposure to vinyl chloride was associated v,ith a reduction in risk for Hodgkin disease among 

workers (SMR = 0.37 with 95% Cl [0.08, 1.08]). However, none of these results were 

statistically significant because all Cls included the null value. 

(Choice C) Mortality from laryngeal cancer and lung cancer among workers is statistically 

lower than expected (SMR = 0.56 with 95% Cl (0.29, 0.97]; SIV1R = 0.88 with 95°/o Cl [0.81 , 

0.95), respectively). The Cls exclude the null value. 

(Choice D) Given Slv'IR = 3.68 with a 95% Cl (3.04, 4.41), the observed number of deaths 

from liver cancer among workers was significantly higher than the expected number of deaths, 

not vice versa. 

Educational objective: 

The standardized mortality ratio (SMR) represents an adjusted measure of overall mortality. 

An SIV1R >1 indicates that the observed number of deaths in the population of interest (eg, vinyl 

chloride workers) is greater than the expected number of deaths in the standard reference 

population. The statistical significance of the SMR is established by the confidence interval. 

Foundations of Independent Practice 
Subject 

Morbidity and n1ortality rates 
Topic 

Biostatistics & Epidemiology 
System 
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Abstract: 

Hypothesis: Exposure to vinyl chloride increases the risk of liver and other cancers. 

Methods: 
Design.· Cohort study 

Participants: 10,250 men employed in the manufacture of vinyl chloride or polyvinyl chloride 
resin between 1942 and 1972. 

Exposure: Job and department assignments were used to assign each cohort member to similar 
exposure groups, and a cumulative exposure index was constructed to account for exposure 
level and duration of exposure. 

Outcome measures: Mortality rates by age, calendar interval for cause-specific categories of 
cause of death, and facility location were obtained, and standardized mortality ratios were 
calculated for overall and cause-specific categories of death through December 31 , 2015. 

Results: 
Observed and expected deaths, and standardized mortality ratios for selected causes of death 

among vinyl chloride workers, were as follows: 

Cause of death Observed Expected SMR 95°/o Cl 

All causes 5636 6493.2 0.87 0.85 to 0.89 

All malignant neoplasms 1713 1741.0 0.98 0.94 to 1.03 

Liver 117 31.8 3.68 3.04 to 4.41 

Pancreas 75 83.4 0.90 0.71 to 1.13 

Larynx 12 21.5 0.56 0.29 to 0.97 

Lung 591 672.5 0.88 0.81 to 0.95 

Melanoma 29 26.7 1.09 0.73 to 1.56 

Item 2 of 2 

The authors of the study decide to conduct an ancillary statistical analysis in which a second 

cohort of v1orkers employed in the manufacture of domestic textiles is used as the population of 

reference. Based on the study results fron1 the first cohort of vinyl chloride workers, v1hich of the 

following is the most likely reason for the ancillary analysis? 

Q A. All-cause mortality among the vinyl chloride workers is statistically lower than 

among the general population. 

Q 8. Compared to the general population, vinyl chloride workers had a nonstatistically 

significant association with mortality due to melanoma and lung cancer. 

Q C. Considering a cohort of domestic textile workers reduces the possibility of 

contamination bias. 

Q D. Misdiagnosis of early angiosarcoma of the liver might have influenced the 

association between vinyl chloride exposure and hepatocellular carcinoma. 

Q E. The expected number of deaths among domestic textile vvorkers will be greater 

than in the general population. 

Submit 
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Abstract: 

Hypothesis: Exposure to vinyl chloride increases the risk of liver and other cancers. 

Methods: 
Design.· Cohort study 

Participants: 10,250 men employed in the manufacture of vinyl chloride or polyvinyl chloride 
resin between 1942 and 1972. 

Exposure: Job and department assignments were used to assign each cohort member to similar 
exposure groups, and a cumulative exposure index was constructed to account for exposure 
level and duration of exposure. 

Outcome measures: Mortality rates by age, calendar interval for cause-specific categories of 
cause of death, and facility location were obtained, and standardized mortality ratios were 
calculated for overall and cause-specific categories of death through December 31 , 2015. 

Results: 
Observed and expected deaths, and standardized mortality ratios for selected causes of death 

among vinyl chloride workers, were as follows: 

Cause of death Observed Expected SMR 95°/o Cl 

All causes 5636 6493.2 0.87 0.85 to 0.89 

All malignant neoplasms 1713 1741.0 0.98 0.94 to 1.03 

Liver 117 31.8 3.68 3.04 to 4.41 

Pancreas 75 83.4 0.90 0.71 to 1.13 

Larynx 12 21.5 0.56 0.29 to 0.97 

Lung 591 672.5 0.88 0.81 to 0.95 

Melanoma 29 26.7 1.09 0.73 to 1.56 

Item 2 of 2 

The authors of the study decide to conduct an ancillary statistical analysis in which a second 

cohort of v1orkers employed in the manufacture of domestic textiles is used as the population 

of reference. Based on the study results from the first cohort of vinyl chloride workers, which of 

the following is the most likely reason for the ancillary analysis? 

A. All-cause mortality among the vinyl chloride workers is statistically lower than 

among the general population. (42°/o) 

B. Compared to the general population, vinyl chloride workers had a nonstatistically 

significant association with mortality due to melanoma and lung cancer. ( 4°/o) 

C. Considering a cohort of domestic textile workers reduces the possibility of 

contamination bias. (33o/o) 

D. Misdiagnosis of early angiosarcoma of the liver might have influenced the 

association between vinyl chloride exposure and hepatocellular carcinoma. (3%) 

E. The expected number of deaths among domestic textile vvorkers will be greater 

than in the general population. (15%) 

Omitted 
Correct answer 
A 

Explanation 

.... 42°/o 
l!!!. Answered correctly 

(T\ 02 secs 
'\.::.J Time Spent • 

07108/2020 
last Updated 

Assessing the effect of exposure to a risk factor in a population of workers requires an 
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Abstract: 

Hypothesis: Exposure to vinyl chloride increases the risk of liver and other cancers. 

Methods: 
Design.· Cohort study 

Participants: 10,250 men employed in the manufacture of vinyl chloride or polyvinyl chloride 
resin between 1942 and 1972. 

Exposure: Job and department assignments were used to assign each cohort member to similar 
exposure groups, and a cumulative exposure index was constructed to account for exposure 
level and duration of exposure. 

Outcome measures: Mortality rates by age, calendar interval for cause-specific categories of 
cause of death, and facility location were obtained, and standardized mortality ratios were 
calculated for overall and cause-specific categories of death through December 31 , 2015. 

Results: 
Observed and expected deaths, and standardized mortality ratios for selected causes of death 

among vinyl chloride workers, were as follows: 

Cause of death Observed Expected SMR 95°/o Cl 

All causes 5636 6493.2 0.87 0.85 to 0.89 

All malignant neoplasms 1713 1741.0 0.98 0.94 to 1 03 

Liver 117 31.8 3.68 3.04 to 4.41 

Pancreas 75 83.4 0.90 0.71 to 1.13 

Larynx 12 21.5 0.56 0.29 to 0.97 

Lung 591 672.5 0.88 0.81 to 0.95 

Melanoma 29 26.7 1 09 0.73 to 1.56 

Assessing the effect of exposure to a risk factor in a population of workers requires an 

appropriate unexposed group for comparison. Working populations are generally healthier 

than the general population and often exhibit lower mortality rates. This is commonly 

known as the healthy worker effect (HWE). 

The HWE is a type of selection bias that may result from severely ill or disabled individuals 

being excluded from or not entering the workforce. Consequently, mortality rates from the 

general population may not be appropriate as a reference. Generally, standardized mortality 

ratios (SM Rs) that consider the general population as reference will be biased and 

underestimate the effect of the exposure to a risk factor (eg, vinyl chloride) in a working 

population. If available, a demographically similar working population (eg, domestic textile 

vvorkers) without exposure to the risk factor of interest may serve as a better basis for 

comparison than the general population. Considering another working population as the 

population of reference vvould give more valid estimates of the true effect of exposure to the 

risk factor. 

In this case, the population of vinyl chloride workers had an all-cause mortality rate lower 

than that of the general population, given an SMR = 0.87 with a 95% confidence interval (Cl) 

that does not cross the null value (95o/o Cl [0.85, 0.89]). This indicates that, in general, the 

population of vvorkers was healthier than the general population. Conducting an ancillary 

statistical analysis in which a second cohort ofvvorkers (eg, domestic textile workers) is 

employed as the population of reference increases the validity of the study. 

(Choice B) Study results show that vinyl chloride workers had a nonstatistically significant 

association with mortality due to melanoma (SMR = 1.09, 95% Cl [O. 73, 1.56]), but a 

statistically significant association with mortality due to lung cancer (SMR = 0.88, 95%, Cl [0.81 , 

0.95]). 

(Choice C) Contamination bias occurs when the control group in a controlled trial 
- - -- --- - -- - - - - -- -- -- - - -- -- -- - - -· - - - - - - - . ·- - - - -
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Abstract: 

Hypothesis: Exposure to vinyl chloride increases the risk of liver and other cancers. 

Methods: 
Design.· Cohort study 

Participants: 10,250 men employed in the manufacture of vinyl chloride or polyvinyl chloride 
resin between 1942 and 1972. 

Exposure: Job and department assignments were used to assign each cohort member to similar 
exposure groups, and a cumulative exposure index was constructed to account for exposure 
level and duration of exposure. 

Outcome measures: Mortality rates by age, calendar interval for cause-specific categories of 
cause of death, and facility location were obtained, and standardized mortality ratios were 
calculated for overall and cause-specific categories of death through December 31 , 2015. 

Results: 
Observed and expected deaths, and standardized mortality ratios for selected causes of death 

among vinyl chloride workers, were as follows: 

Cause of death Observed Expected SMR 95°/o Cl 

All causes 5636 6493.2 0.87 0.85 to 0.89 

All malignant neoplasms 1713 1741.0 0.98 0.94 to 1.03 

Liver 117 31.8 3.68 3.04 to 4.41 

Pancreas 75 83.4 0.90 0.71 to 1.13 

Larynx 12 21.5 0.56 0.29 to 0.97 

Lung 591 672.5 0.88 0.81 to 0.95 

that does not cross the null value (95o/o Cl [0.85, 0.89]). This indicates that, in general, the 

population of workers was healthier than the general population. Conducting an anci llary 

statistical analysis in vthich a second cohort of workers ( eg, domestic textile workers) is 

employed as the population of reference increases the validity of the study. 

(Choice B) Study results shov, that vinyl chloride v,orkers had a nonstatistically significant 

association with mortality due to melanon1a (SMR = 1.09, 95% Cl [O. 73, 1.56]), but a 

statistically significant association with mortality due to lung cancer (SMR = 0.88, 95% Cl [0.81 , 

0.95]). 

(Choice C) Contamination bias occurs when the control group in a controlled trial 

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

outcomes between the control and treatment groups. This type of bias is not a concern in 

observational studies. 

(Choice D) lv'lisdiagnosis of early liver angiosarcon1as may have influenced findings in the 

initial study; however, this has no bearing on the decision to employ a different population of 

reference. 

(Choice E) Employing a cohort of workers unexposed to the risk factor of interest as the 

population of reference reduces the bias introduced by the HWE. The assumption is that the 

expected number of deaths among domestic textile workers will be lower than in the general 

population, making the comparison between observed and expected deaths more valid. 

Educational objective: 

The healthy worker effect is a special type of selection bias that usually occurs in occupational 

cohort studies when the general population is used as the reference group. The general 

population consists of healthy and unhealthy individuals; those who are unhealthy are less 

likely to be employed, whereas the employed workforce tends to have fewer sick individuals. 

Consequently, comparisons of mortality rates between an employed population and the 
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Abstract: 

Hypothesis: Exposure to vinyl chloride increases the risk of liver and other cancers. 

Methods: 
Design.· Cohort study 

Participants: 10,250 men employed in the manufacture of vinyl chloride or polyvinyl chloride 
resin between 1942 and 1972. 

Exposure: Job and department assignments were used to assign each cohort member to similar 
exposure groups, and a cumulative exposure index was constructed to account for exposure 
level and duration of exposure. 

Outcome measures: Mortality rates by age, calendar interval for cause-specific categories of 
cause of death, and facility location were obtained, and standardized mortality ratios were 
calculated for overall and cause-specific categories of death through December 31 , 2015. 

Results: 
Observed and expected deaths, and standardized mortality ratios for selected causes of death 

among vinyl chloride workers, were as follows: 

Cause of death Observed Expected SMR 95°/o Cl 

All causes 5636 6493.2 0.87 0.85 to 0.89 

All malignant neoplasms 1713 1741.0 0.98 0.94 to 1 03 

Liver 117 31.8 3.68 3.04 to 4.41 

Pancreas 75 83.4 0.90 0.71 to 1.13 

Larynx 12 21.5 0.56 0.29 to 0.97 

Lung 591 672.5 0.88 0.81 to 0.95 

Melanoma 29 26.7 1 09 0.73 to 1.56 

(Choice C) Contamination bias occurs when the control group in a controlled trial 

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

outcomes bet\,veen the control and treatment groups. This type of bias is not a concern in 

observational studies. 

(Choice D) Misdiagnosis of early liver angiosarcomas may have influenced findings in the 

initial study; hov,ever, this has no bearing on the decision to employ a different population of 

reference. 

(Choice E) Employing a cohort of workers unexposed to the risk factor of interest as the 

population of reference reduces the bias introduced by the HWE. The assumption is that the 

expected number of deaths among domestic textile workers will be lower than in the general 

population, making the comparison between observed and expected deaths more valid . 

Educational objective: 

The healthy worker effect is a special type of selection bias that usually occurs in occupational 

cohort studies when the general population is used as the reference group. The general 

population consists of healthy and unhealthy individuals; those who are unhealthy are less 

likely to be employed, whereas the employed workforce tends to have fewer sick individuals. 

Consequently, comparisons of mortality rates between an employed population and the 

general population are usually biased. 

References 

• Commentary for the then and now forum: the healthy worker effect 
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Abstract: 

Title: Low-level environmental lead exposure in ch ildhood and adult intellectual function. 

Hypothesis: Lead exposure in chi ldhood predicts intellectual functioning in young adulthood. 

Methods: 

Design: Retrospective cohort study. 

Participants From an initial cohort of 249 infants established in 1974, 148 (59.4°/o) were 
still being follov,ed at year 10. A total of 43 of the 148 (29°/o) young adults (mean age 29) 
completed the study. These 43 participants were similar to the other members of the 
original cohort (who did not participate or undergo neuropsychological assessment) in 

terms of demographic factors, measures of socioeconomic status, blood-lead history, and 
intellectual function (IQ) scores in early childhood. 

lvleasures of exposure: Exposure to lead measured as blood-lead levels from samples 

obtained at birth and at age 6 months, 10 months, 12 months, 2 years, 4 years, and 10 
years. 

Outcome measures: IQ of subjects was n1easured using the Wechsler Abbreviated Scale 
of Intell igence (WASI). A child neurologist, trained in the administration of the instrument 
and unaware of the subject's developmental history and lead concentrations, administered 

the WASI to all subjects. 

Covariates: All analyses included prespecified covariates, which consisted of established 

predictors of children's intellectual outcomes, factors widely used in studies of lead 
exposure and intelligence, and factors in early adulthood that have been shown to affect 
intellectual outcome. 

Results: Childhood blood-lead concentration, defined as the mean of the blood-lead 

concentrations at ages 4 and 10 years, had the strongest relationship with IQ (p = 0.01). IQ was 
also significantly related to blood-lead concentration at age 6 months (p = 0.03), 4 years (p = 
0.03), and 10 years (p = 0.02). After adjusting for maternal IQ, the association was still evident; 
... - - .. - ... - ... .. .. - - .. - .... . - .. ·- . .... - -.. .. . 

The abstract shown applies to the next 2 items. 

A team of neurologists and psychologists researching intellectual function is reviewing the results 

of a study on the association between childhood lead exposure and adult intellectual function. 

Item 1 of 2 

Based on the abstract, which of the follov,ing is the most concerning factor regarding the design 

of the study? 

0 A. Contan1ination bias 

0 B. External validity 

0 C. Lack of statistical pov,er 

0 D. Measurement error 

0 E. Selection bias 
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Abstract: 

Title: Low-level environmental lead exposure in , 

Hypothesis: Lead exposure in chi ldhood predict 

Methods: 

Design: Retrospective cohort study. 

Participants From an initial cohort of 249 \ 
still being follov,ed at year 10. A total of 41 
completed the study. These 43 participant! 
original cohort (who did not participate or u1 

terms of demographic factors, measures o~ 
intellectual function (IQ) scores in early chi 

lvleasures of exposure: Exposure to lead 1 
obtained at birth and at age 6 months, 101 
years. 

Outcome measures: IQ of subjects was mi 
of Intell igence (WASI). A child neurologist, 
and unaware of the subject's development, 

the WASI to all subjects. I 
Covariates: All analyses included prespect 
predictors of children's intellectual outcome 
exposure and intelligence, and factors in e, 
intellectual outcome. 
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Childhood blood-lead concentration, defined as the mean of the 
blood-lead concentrations at ages 4 and 10 years, had the 
strongest relationship with IQ (p = 0.01). IQ v,as also significantly 

related to blood-lead concentration at age 6 months (p = 0.03), 4 
years (p = 0.03), and 10 years (p = 0.02). After adjusting for 
maternal IQ, the association was still evident; however, due to the 
small sample size, the significance of the association v,as altered 
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Abstract: 

Title: Low-level environmental lead exposure in ch ildhood and adult intellectual function. 

Hypothesis: Lead exposure in chi ldhood predicts intellectual functioning in young adulthood. 

Methods: 

Design: Retrospective cohort study. 

Participants From an initial cohort of 249 infants established in 1974, 148 (59.4°/o) were 
still being follov,ed at year 10. A total of 43 of the 148 (29°/o) young adults (mean age 29) 
completed the study. These 43 participants were similar to the other members of the 
original cohort (who did not participate or undergo neuropsychological assessment) in 

terms of demographic factors, measures of socioeconomic status, blood-lead history, and 
intellectual function (IQ) scores in early childhood. 

lvleasures of exposure: Exposure to lead measured as blood-lead levels from samples 

obtained at birth and at age 6 months, 10 months, 12 months, 2 years, 4 years, and 10 
years. 

Outcome measures: IQ of subjects was n1easured using the Wechsler Abbreviated Scale 
of Intell igence (WAS!). A child neurologist, trained in the administration of the instrument 
and unaware of the subject's developmental history and lead concentrations, administered 

the WAS! to all subjects. 

Covariates: All analyses included prespecified covariates, which consisted of established 

predictors of children's intellectual outcomes, factors widely used in studies of lead 
exposure and intelligence, and factors in early adulthood that have been shown to affect 
intellectual outcome. 

The abstract shown applies to the next 2 items. 

A team of neurologists and psychologists researching intellectual function is reviewing the 

results of a study on the association between chi ldhood lead exposure and adult intellectual 

function. 

Item 1 of 2 

Based on the abstract, which of the follov,ing is the most concerning factor regarding the 

design of the study? 

A. Contamination bias (3o/o) 

B. External validity (8%) 

C. Lack of statistical power (62%) 

D. Measurement error (2%) 

E. Selection bias (22%) 

Omitted 
Correct answer 
C 

11 .. 62% 
l!!!. Answered correctly 

Explanation 

(i"\ 01 min, 18 secs 
\.::J Time Spent 

F=! 03/23/2020 
E:J Last Updated 

Statistical power, the ability to detect an association if that association exists, is dependent 
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Abstract: 

Title: Low-level environmental lead exposure in ch ildhood and adult intellectual function. 

Hypothesis: Lead exposure in chi ldhood predicts intellectual functioning in young adulthood. 

Methods: 

Design: Retrospective cohort study. 

Participants From an initial cohort of 249 infants established in 1974, 148 (59.4°/o) were 
still being follov,ed at year 10. A total of 43 of the 148 (29°/o) young adults (mean age 29) 
completed the study. These 43 participants were similar to the other members of the 
original cohort (who did not participate or undergo neuropsychological assessment) in 

terms of demographic factors, measures of socioeconomic status, blood-lead history, and 
intellectual function (IQ) scores in early childhood. 

lvleasures of exposure: Exposure to lead measured as blood-lead levels from samples 

obtained at birth and at age 6 months, 10 months, 12 months, 2 years, 4 years, and 10 
years. 

Outcome measures: IQ of subjects was n1easured using the Wechsler Abbreviated Scale 
of Intell igence (WASI). A child neurologist, trained in the administration of the instrument 
and unaware of the subject's developmental history and lead concentrations, administered 

the WASI to all subjects. 

Covariates: All analyses included prespecified covariates, which consisted of established 

predictors of children's intellectual outcomes, factors widely used in studies of lead 
exposure and intelligence, and factors in early adulthood that have been shown to affect 
intellectual outcome. 

Explanation 

Statistica I power, the ability to detect an association if that association exists, is dependent 

on sample size, vtith a larger sample size increasing power. A high nonresponse rate 

reduces the sample size; it may also influence the distribution of potential confounders so 

that they become imbalanced between groups. As a result, an inadequate sample size may 

reduce the statistical power to control for all confounders. This is evidenced by a reduction 

in the precision of estimates of association (ie, vtider confidence intervals or larger p-values) 

and may result in apparent associations that do not reach statistical significance. 

In this study, the sample size was considerably reduced as a result of the low response rate, 

v,ith only 43 (29%) of the 148 participants (or 17.2% of the original cohort of 249) completing 

the study. As a result, after adjusting for maternal intelligence function (IQ}, the initially 

established apparent association between chi ldhood blood-lead concentrations and adult IQ 

\"las still evident (-1.89 before adjusting for maternal IQ versus - 1.81 after adjusting for 

maternal IQ), but the association v,as no longer statistically significant (95% confidence 

interval [95%CI) [-2.40, - 0.47] before adjusting for maternal IQ versus 95o/oCI [-2.59, 0.06) 

after adjusting for maternal IQ). The statistical significance of the results was lost due to lack 

of sufficient power to adjust for maternal IQ. 

(Choice A) Contamination occurs when participants in one trial group receive the treatment or 

intervention meant for participants from another group. This type of bias affects experimental 

designs, not observational studies. 

(Choice B) External validity (or generalizability) is defined as the applicability of a study's 

results beyond the group that was initially assessed. Given that participants were similar to 

members of the original cohort who did not participate or undergo neuropsychological 

assessment in the study, external val idity is less likely to be a concern in this study. 

(Choice D) Measurement bias may occur from poor exposure/outcome measurements or data 
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Abstract: 

Title: Low-level environmental lead exposure in ch ildhood and adult intellectual function. 

Hypothesis: Lead exposure in chi ldhood predicts intellectual functioning in young adulthood. 

Methods: 

Design: Retrospective cohort study. 

Participants From an initial cohort of 249 infants established in 1974, 148 (59.4°/o) were 
still being follov,ed at year 10. A total of 43 of the 148 (29°/o) young adults (mean age 29) 
completed the study. These 43 participants were similar to the other members of the 
original cohort (who did not participate or undergo neuropsychological assessment) in 

terms of demographic factors, measures of socioeconomic status, blood-lead history, and 
intellectual function (IQ) scores in early childhood. 

lvleasures of exposure: Exposure to lead measured as blood-lead levels from samples 

obtained at birth and at age 6 months, 10 months, 12 months, 2 years, 4 years, and 10 
years. 

Outcome measures: IQ of subjects was n1easured using the Wechsler Abbreviated Scale 
of Intell igence (WASI). A child neurologist, trained in the administration of the instrument 
and unaware of the subject's developmental history and lead concentrations, administered 

the WASI to all subjects. 

Covariates: All analyses included prespecified covariates, which consisted of established 

predictors of children's intellectual outcomes, factors widely used in studies of lead 
exposure and intelligence, and factors in early adulthood that have been shown to affect 
intellectual outcome. 

(Choice A) Contamination occurs when participants in one trial group receive the treatment or 

intervention meant for participants from another group. This type of bias affects experimental 

designs, not observational studies. 

(Choice B) External validity (or generalizability) is defined as the applicability of a study's 

results beyond the group that v,as initially assessed. Given that participants were similar to 

members of the original cohort who did not participate or undergo neuropsychological 

assessment in the study, external val idity is less likely to be a concern in this study. 

(Choice D) Measurement bias may occur fron1 poor exposure/outcome measurements or data 

collection processes. In this study, lead levels (exposure) v1ere measured through 

standardized blood sample testing at different points in time, and IQ (outcome) was measured 

by a child neurologist trained to use the Wechsler Abbreviated Scale of Intelligence and 

blinded to subjects' developmental history and lead concentrations . These control measures 

significantly reduce the likelihood of measurement bias in the study. 

(Choice E) Selection bias can occur with inappropriate selection methods or through selective 

attrition or nonresponse of participants. Due to the low response rate in the study, selection 

bias is a possible limitation of the study. However, the fact that the participants vtere similar to 

the members of the original cohort considerably reduces the effect of this potential bias. 

Educational objective: 

An inadequate sample size may reduce the statistical power to control for all confounders in a 

study, which may result in apparent associations that do not reach statistical significance. 

Foundations of Independent Practice 
Subject 

Pov,er and sample size 
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System 
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Abstract: 

Title: Low-level environmental lead exposure in ch ildhood and adult intellectual function. 

Hypothesis: Lead exposure in chi ldhood predicts intellectual functioning in young adulthood. 

Methods: 

Design: Retrospective cohort study. 

Participants From an initial cohort of 249 infants established in 1974, 148 (59.4°/o) were 
still being follov,ed at year 10. A total of 43 of the 148 (29°/o) young adults (mean age 29) 
completed the study. These 43 participants were similar to the other members of the 
original cohort (who did not participate or undergo neuropsychological assessment) in 

terms of demographic factors, measures of socioeconomic status, blood-lead history, and 
intellectual function (IQ) scores in early childhood. 

lvleasures of exposure: Exposure to lead measured as blood-lead levels from samples 

obtained at birth and at age 6 months, 10 months, 12 months, 2 years, 4 years, and 10 
years. 

Outcome measures: IQ of subjects was n1easured using the Wechsler Abbreviated Scale 
of Intell igence (WASI). A child neurologist, trained in the administration of the instrument 
and unaware of the subject's developmental history and lead concentrations, administered 

the WASI to all subjects. 

Covariates: All analyses included prespecified covariates, which consisted of established 

predictors of children's intellectual outcomes, factors widely used in studies of lead 
exposure and intelligence, and factors in early adulthood that have been shown to affect 
intellectual outcome. 

Item 2 of 2 

Which of the following is the best approach to further investigate the association bel\'teen 

environmental lead exposure in childhood and adult intellectual function? 

Q A. Additional study is not warranted given nonsignificant results after adjusting for 

maternal IQ 

Q 8. Conduct a new large-scale prospective cohort study 

Q C. Perform stratified analysis based on maternal IQ 

Q D. Pool the data from several studies 

Q E. Reassess the outcome measurement 

Submit 
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Abstract: 

Title: Low-level environmental lead exposure in ch ildhood and adult intellectual function. 

Hypothesis: Lead exposure in childhood predicts intellectual functioning in young adulthood. 

Methods: 

Design: Retrospective cohort study. 

Participants From an initial cohort of 249 infants established in 1974, 148 (59.4°/o) were 
still being follov,ed at year 10. A total of 43 of the 148 (29°/o) young adults (mean age 29) 
completed the study. These 43 participants were similar to the other members of the 
original cohort (who did not participate or undergo neuropsychological assessment) in 

terms of demographic factors, measures of socioeconomic status, blood-lead history, and 
intellectual function (IQ) scores in early childhood. 

lvleasures of exposure: Exposure to lead measured as blood-lead levels from samples 

obtained at birth and at age 6 months, 10 months, 12 months, 2 years, 4 years, and 10 
years. 

Outcome measures: IQ of subjects was n1easured using the Wechsler Abbreviated Scale 
of Intell igence (WASI). A child neurologist, trained in the administration of the instrument 
and unaware of the subject's developmental history and lead concentrations, administered 

the WASI to all subjects. 

Covariates: All analyses included prespecified covariates, which consisted of established 

predictors of children's intellectual outcomes, factors widely used in studies of lead 
exposure and intelligence, and factors in early adulthood that have been shown to affect 
intellectual outcome. 

Item 2 of 2 

Which of the following is the best approach to further investigate the association bel\'teen 

environmental lead exposure in childhood and adult intellectual function? 

A. Additional study is not warranted given nonsignificant results after adjusting for 

maternal IQ (0%) 

8 . Conduct a new large-scale prospective cohort study (30%) 

C. Perform stratified analysis based on maternal IQ ( 11 % ) 

D. Pool the data from several studies (56%) 

E. Reassess the outcome measurement (0%) 

Omitted 
Correct answer 
D 

Explanation 

hi. 56o/o 
l!!!. Answered correctly 

(T\ 02 secs 
\.::,I Time Spent 

03/2312020 
• last Updated 

Meta-analysis is an epidemiologic tool used to increase the power of a study (ie, its ability to 

detect associations, if such associations exist) by pooling the data from several stud ies. 

When a single study has a very small sample size and the outcome under study is rare, it is 

difficult for the study to find statistically significant associations even when real and val id 

associations exist In such cases, meta-analysis can be used to increase the sample size, 

thereby increasing the power of the analysis. The major disadvantage of n1eta-analysis 
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Abstract: 

Title: Low-level environmental lead exposure in ch ildhood and adult intellectual function. 

Hypothesis: Lead exposure in childhood predicts intellectual functioning in young adulthood. 

Methods: 

Design: Retrospective cohort study. 

Participants From an initial cohort of 249 infants established in 1974, 148 (59.4°/o) were 
still being follov,ed at year 10. A total of 43 of the 148 (29°/o) young adults (mean age 29) 
completed the study. These 43 participants were similar to the other members of the 
original cohort (who did not participate or undergo neuropsychological assessment) in 

terms of demographic factors, measures of socioeconomic status, blood-lead history, and 
intellectual function (IQ) scores in early childhood. 

lvleasures of exposure: Exposure to lead measured as blood-lead levels from samples 

obtained at birth and at age 6 months, 10 months, 12 months, 2 years, 4 years, and 10 
years. 

Outcome measures: IQ of subjects was n1easured using the Wechsler Abbreviated Scale 
of Intell igence (WASI). A child neurologist, trained in the administration of the instrument 
and unaware of the subject's developmental history and lead concentrations, administered 

the WASI to all subjects. 

Covariates: All analyses included prespecified covariates, which consisted of established 

predictors of children's intellectual outcomes, factors widely used in studies of lead 
exposure and intelligence, and factors in early adulthood that have been shown to affect 
intellectual outcome. 

Meta-analysis is an epidemiologic tool used to increase the power of a study (ie, its ability to 

detect associations, if such associations exist) by pooling the data from several stud ies. 

When a single study has a very small sample size and the outcome under study is rare, it is 

difficult for the study to find statistically significant associations even when real and val id 

associations exist In such cases, meta-analysis can be used to increase the sample size, 

thereby increasing the power of the analysis. The major disadvantage of meta-analysis 

includes concomitant "pooling" of the biases and lin1itations of individual studies into one 

analysis. However, the advantages in statistical power and robustness for estimating 

associations typically outv,reigh the limitations of this epidemiologic tool. 

In this case, pooling data from other studies to conduct a meta-analysis is the best approach to 

increase sample size and achieve adequate statistical pov,er for further investigating the 

association between environmental lead exposure in childhood and adult intellectual function 

(IQ), while also adjusting for other potential confounders. 

(Choice A) Based on the abstract, the study results suggest that lead exposure in childhood 

predicts IQ in young adulthood. However, researchers concluded that the role of maternal IQ 

in the association of interest cannot be excluded. Therefore, additional study might be needed 

to elucidate the effect maternal IQ has on the association under study. 

(Choice B) Conducting a new large-scale prospective cohort study may seen1 to be an 

appropriate next step. However, due to the known effects of lead and the tremendous efforts 

to eliminate all lead hazards in children, conducting a prospective cohort study at this time will 

be problematic and potentially ethically challenged. 

(Choice C) Stratified analysis refers to analyzing subjects based on the presence or absence 

of a certain variable (eg, maternal IQ); it can be used to control confounding factors. However, 

the study lacked sufficient statistical power to evaluate the effect of maternal IQ on the 

association of interest 
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Abstract: 

Title: Low-level environmental lead exposure in ch ildhood and adult intellectual function. 

Hypothesis: Lead exposure in childhood predicts intellectual functioning in young adulthood. 

Methods: 

Design: Retrospective cohort study. 

Participants From an initial cohort of 249 infants established in 1974, 148 (59.4°/o) were 
still being follov,ed at year 10. A total of 43 of the 148 (29°/o) young adults (mean age 29) 
completed the study. These 43 participants were similar to the other members of the 
original cohort (who did not participate or undergo neuropsychological assessment) in 

terms of demographic factors, measures of socioeconomic status, blood-lead history, and 
intellectual function (IQ) scores in early childhood. 

lvleasures of exposure: Exposure to lead measured as blood-lead levels from samples 

obtained at birth and at age 6 months, 10 months, 12 months, 2 years, 4 years, and 10 
years. 

Outcome measures: IQ of subjects was n1easured using the Wechsler Abbreviated Scale 
of Intell igence (WASI). A child neurologist, trained in the administration of the instrument 
and unaware of the subject's developmental history and lead concentrations, administered 

the WASI to all subjects. 

Covariates: All analyses included prespecified covariates, which consisted of established 

predictors of children's intellectual outcomes, factors widely used in studies of lead 
exposure and intelligence, and factors in early adulthood that have been shown to affect 
intellectual outcome. 

Meta-analysis is an epidemiologic tool used to increase the power of a study (ie, its ability to 

detect associations, if such associations exist) by pooling the data from several stud ies. 

When a single study has a very small sample size and the outcome under study is rare, it is 

difficult for the study to find statistically significant associations even when real and val id 

associations exist In such cases, meta-analysis can be used to increase the sample size, 

thereby increasing the power of the analysis. The major disadvantage of meta-analysis 

includes concomitant "pooling" of the biases and lin1itations of individual studies into one 

analysis. However, the advantages in statistical power and robustness for estimating 

associations typically outv,reigh the limitations of this epidemiologic tool. 

In this case, pooling data from other studies to conduct a meta-analysis is the best approach to 

increase sample size and achieve adequate statistical pov,er for further investigating the 

association between environmental lead exposure in childhood and adult intellectual function 

(IQ), while also adjusting for other potential confounders. 

(Choice A) Based on the abstract, the study results suggest that lead exposure in childhood 

predicts IQ in young adulthood. However, researchers concluded that the role of maternal IQ 

in the association of interest cannot be excluded. Therefore, additional study might be needed 

to elucidate the effect maternal IQ has on the association under study. 

(Choice B) Conducting a new large-scale prospective cohort study may seen1 to be an 

appropriate next step. However, due to the known effects of lead and the tremendous efforts 

to eliminate all lead hazards in children, conducting a prospective cohort study at this time will 

be problematic and potentially ethically challenged. 

(Choice C) Stratified analysis refers to analyzing subjects based on the presence or absence 

of a certain variable (eg, maternal IQ); it can be used to control confounding factors. However, 

the study lacked sufficient statistical power to evaluate the effect of maternal IQ on the 

association of interest 
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Abstract: 

Title: Low-level environmental lead exposure in ch ildhood and adult intellectual function. 

Hypothesis: Lead exposure in chi ldhood predicts intellectual functioning in young adulthood. 

Methods: 

Design: Retrospective cohort study. 

Participants From an initial cohort of 249 infants established in 1974, 148 (59.4°/o) were 
still being follov,ed at year 10. A total of 43 of the 148 (29°/o) young adults (mean age 29) 
completed the study. These 43 participants were similar to the other members of the 
original cohort (who did not participate or undergo neuropsychological assessment) in 

terms of demographic factors, measures of socioeconomic status, blood-lead history, and 
intellectual function (IQ) scores in early childhood. 

lvleasures of exposure: Exposure to lead measured as blood-lead levels from samples 

obtained at birth and at age 6 months, 10 months, 12 months, 2 years, 4 years, and 10 
years. 

Outcome measures: IQ of subjects was n1easured using the Wechsler Abbreviated Scale 
of Intell igence (WASI). A child neurologist, trained in the administration of the instrument 
and unaware of the subject's developmental history and lead concentrations, administered 

the WASI to all subjects. 

Covariates: All analyses included prespecified covariates, which consisted of established 

predictors of children's intellectual outcomes, factors widely used in studies of lead 
exposure and intelligence, and factors in early adulthood that have been shown to affect 
intellectual outcome. 

----- - - ---- --- - - - ----- ---- - --- - - --- -- - -

in the association of interest cannot be excluded. Therefore, additional study might be needed 

to elucidate the effect maternal IQ has on the association under study. 

(Choice B) Conducting a new large-scale prospective cohort study may seem to be an 

appropriate next step. However, due to the known effects of lead and the tremendous efforts 

to eliminate all lead hazards in children, conducting a prospective cohort study at this time \"fill 

be problematic and potentially ethically challenged. 

(Choice C) Stratified analysis refers to analyzing subjects based on the presence or absence 

of a certain variable (eg, maternal IQ); it can be used to control confounding factors. However, 

the study lacked sufficient statistical power to evaluate the effect of maternal IQ on the 

association of interest 

(Choice E) In this study, lead exposure was measured through standardized blood sample 

testing at different points in time. Using standardized testing significantly reduced the 

likelihood of measurement bias in the outcome of the study. Furthermore, reassessing the 

outcome on this individual study is not feasible given that the risk factor is childhood exposure 

to lead (past exposure). 

Educational objective: 

Meta-analysis is conducted by pool ing the data from several studies to increase statistical 

power. 

Foundations of Independent Practice 
Subject 

Study designs 
Topic 

Biostatistics & Epidemiology 
System 

Copynghl © orld All ts resetved 



= Item 8 of 39 • \"'.7 Mark <::J I> · ~ ~ (l) i l CJ· = , ~ @ 
- Question Id: 13341 \ Previous Next Full Screen Tutorial Lab Values Notes Calculator Reverse Color Text Zoom Settings 

Title: Effect of support systems during and after pregnancy on the development of postpartum 
depression (PPD). 

Hypothesis: A poor support system during and after pregnancy is associated v,ith the 
development of PPD. 

Methods: 

Design: Prospective cohort study 

Participants: Pregnant women 

Exposure: Either a good or a poor support system during and after pregnancy 

Outcome measures: Incidence rate of PPD 

Results: 

Participants 
Cases of Incidence of PPD per 

PPD 1,000 women-years 

Women who had a 
75 8 

good support system 

Women who had a 
225 20 

poor support system 

The abstract shown on the left applies to the next 2 items. 

Physician-researchers at a women's health clinic that caters to an underserved population are 

reviewing the results of a study they conducted concerning the effect of support systems during 

and after pregnancy on the development of postpartum depression. 

Item 1 of 2 

Based on the results of the study, what was the approximate incidence rate of postpartum 

depression per 1,000 women-years, regardless of type of support systen1? 

0 A. 8 

0 B. 10 

0 C. 15 

0 D. 20 

0 E. 25 

Submit 
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Title: Effect of support systems during and after pregnancy on the development of postpartum 
depression (PPO). 

Hypothesis: A poor support system during and after pregnancy is associated v,ith the 
development of PPD. 

Methods: 

Design: Prospective cohort study 

Participants: Pregnant women 

Exposure: Either a good or a poor support system during and after pregnancy 

Outcome measures: Incidence rate of PPD 

Results: 

Participants 
Cases of Incidence of PPD per 

PPD 1,000 women-years 

Women who had a 
75 8 

good support system 

Women who had a 
225 20 

poor support system 

The abstract shown on the left applies to the next 2 items. 

Physician-researchers at a women's health clinic that caters to an underserved population are 

reviewing the results of a study they conducted concerning the effect of support systems 

during and after pregnancy on the development of postpartum depression. 

Item 1 of 2 

Based on the results of the study, what was the approximate incidence rate of postpartum 

depression per 1,000 women-years, regardless of type of support systen1? 

A. 8 (3°/o} 

B. 10 (17o/o) 

C. 15 (47%) 

D. 20 (9%) 

E. 25 (22%) 

Omitted 
Correct answer 
C 

Explanation 

11 .. 47% 
l!!!. Answered correctly 

(i"\ 04 secs 
\.::J Time Spent 

F=! 06/18/2020 
E:J Last Updated 

The incidence rate (IR) or person-time rate is a measure of incidence that incorporates time 



Title: Effect of support systems during and after pregnancy on the development of postpartum 
depression (PPD). 

Hypothesis: A poor support system during and after pregnancy is associated v,ith the 
development of PPD. 

Methods: 

Design: Prospective cohort study 

Participants: Pregnant women 

Exposure: Either a good or a poor support system during and after pregnancy 

Outcome measures: Incidence rate of PPD 

Results: 

Participants 
Cases of Incidence of PPD per 

PPD 1,000 women-years 

Women who had a 
75 8 

good support system 

Women who had a 
225 20 

poor support system 

The abstract shown on the left applies to the next 2 items. 

Physician-researchers at a women's health clinic that caters to an underserved population are 

reviewing the results of a study they conducted concerning the effect of support systems 

during and after pregnancy on the development of postpartum depression. 

Item 1 of 2 

Based on the results of the study, what was the approximate incidence rate of postpartum 

depression per 1,000 women-years, regardless of type of support system? 

A. 8 (3°/o) 

B. 10 (17o/o) 

C. 15 (47%) 

D. 20 (9o/o) 

E. 25 (22%) 

Omitted 
Correct answer 
C 

Explanation 

11 .. 47% 
l!!!. Answered correctly 

(j'\ 04secs 
\.::I Time Spent @ 06/18/2020 

• Last Updated 

The incidence rate (IR) or person-time rate is a measure of incidence that incorporates time 

directly into the denominator. A person-time rate is generally estimated from a follow-up 

stud · for exam le. 1 woman followed for 1 ear would contribute 1 erson-time. IR is 
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Title: Effect of support systems during and after pregnancy on the development of postpartum 
depression (PPD). 

Hypothesis: A poor support system during and after pregnancy is associated v,ith the 
development of PPD. 

Methods: 

Design: Prospective cohort study 

Participants: Pregnant women 

Exposure: Either a good or a poor support system during and after pregnancy 

Outcome measures: Incidence rate of PPD 

Results: 

Participants 
Cases of Incidence of PPD per 

PPD 1,000 women-years 

Women who had a 
75 8 

good support system 

Women who had a 
225 20 

poor support system 

The incidence rate (IR) or person-time rate is a measure of incidence that incorporates time 

directly into the denominator. A person-time rate is generally estimated from a follow-up 

study; for example, 1 woman followed for 1 year would contribute 1 person-time. IR is 

calculated as follows: 

IR= (Number of new cases of disease during a period) I (Total person-times contributed by the 

at-risk population) 

In this example, the IR for postpartum depression (PPD) was 8 cases per 1,000 v,1omen-years 

(= 0.008 or 0.8%) among women v1ith a good support system and 20 cases per 1,000 women

years (= 0.020 or 2o/o) among women with a poor support system. Based on the IR definition, 

the following values are needed to estimate the IR of PPD regardless of type of support 

system: 

• Number of new cases of PPD regardless of type of support system: This includes 75 

cases of PPD an1ong women with a good support system and 225 cases of PPD among 

\"!omen with a poor support system = 300. 

• Total person-times contributed by the at-risk population, which can be estimated as 

follows: 

o Among women with a good support system, 75 women with PPD corresponded to 

0.008 (ie, 0.8%) of the total v1omen-years. Therefore, the total women-years in 

that group would correspond to 75 / (0.8%) = 75 I 0.008 = 9,375. 

o Among women v,ith a poor support system, 225 women with PPD corresponded to 

0.020 (ie, 2°/o) of the total women-years. Therefore, the total women-years in that 

group would correspond to 225 / (2°/o) = 225 / (0.020) = 11,250 

o For both groups combined, the total women-years is 9,375 + 11,250 = 20,625. 
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Title: Effect of support systems during and after pregnancy on the development of postpartum 
depression (PPD). 

Hypothesis: A poor support system during and after pregnancy is associated v,ith the 
development of PPD. 

Methods: 

Design: Prospective cohort study 

Participants: Pregnant women 

Exposure: Either a good or a poor support system during and after pregnancy 

Outcome measures: Incidence rate of PPD 

Results: 

Participants 
Cases of Incidence of PPD per 

PPD 1,000 women-years 

Women who had a 
75 8 

good support system 

Women who had a 
225 20 

poor support system 

, Number of new cases of PPD regardless of type of support system: This includes 75 

cases of PPD among women with a good support system and 225 cases of PPD among 

women with a poor support system = 300. 

, Total person-times contributed by the at-risk population, which can be estimated as 

follows: 

o Among women with a good support system, 75 women with PPD corresponded to 

0.008 (ie, 0.8o/o) of the total v,omen-years. Therefore, the total women-years in 

that group v,ould correspond to 75 I (0.8%) = 75 I 0.008 = 9,375. 

o Among women with a poor support system, 225 women with PPD corresponded to 

0.020 (ie, 2°/o) of the total women-years. Therefore, the total v,omen-years in that 

group would correspond to 225 / (2°/o) = 225 / (0.020) = 11,250. 

o For both groups combined, the total women-years is 9,375 + 11,250 = 20,625. 

Therefore, the IR of PPD per 1,000 women-years regardless of type of support system is: 

IR= 300 / 20,625 = 0.0145 

In other words, IR~ 0.015, or 15 per 1,000 women-years. 

Educational objective: 

The incidence rate (IR) is the number of new cases of disease occurring in a specified 

population in a given period, usually expressed as number of events per person-time (ie, per 

1,000 person-years). The nun1erator of the IR is the number of new cases, whereas the 

denominator is the amount of at-risk time each person contributes. 

Foundations of Independent Practice 
Subject 

~ - .. - -· - ... ·-· -

Biostatistics & Epidemiology 
System 
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Title: Effect of support systems during and after pregnancy on the development of postpartum 
depression (PPD). 

Hypothesis: A poor support system during and after pregnancy is associated v,ith the 
development of PPD. 

Methods: 

Design: Prospective cohort study 

Participants: Pregnant women 

Exposure: Either a good or a poor support system during and after pregnancy 

Outcome measures: Incidence rate of PPD 

Results: 

Participants 
Cases of Incidence of PPD per 

PPD 1,000 women-years 

Women who had a 
75 8 

good support system 

Women who had a 
225 20 

poor support system 

, Total person-times contributed by the at-risk population, which can be estimated as 

follows: 

o Among women Vfith a good support system, 75 women with PPD corresponded to 

0.008 (ie, 0.8o/o) of the total v,omen-years. Therefore, the total women-years in 

that group would correspond to 75 I (0.8%) = 75 I 0.008 = 9,375. 

o Among women with a poor support system, 225 women with PPD corresponded to 

0.020 (ie, 2°/o) of the total women-years. Therefore, the total v,omen-years in that 

group would correspond to 225 / (2°/o) = 225 / (0.020) = 11,250. 

o For both groups combined, the total women-years is 9,375 + 11,250 = 20,625. 

Therefore, the IR of PPD per 1,000 women-years regardless of type of support system is: 

IR= 300 / 20,625 = 0.0145 

In other words, IR~ 0.015, or 15 per 1,000 women-years. 

Educational objective: 

The incidence rate (IR) is the number of new cases of disease occurring in a specified 

population in a given period, usually expressed as number of events per person-time (ie, per 

1,000 person-years). The nun1erator of the IR is the number of new cases, whereas the 

denominator is the amount of at-risk time each person contributes. 
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Title: Effect of support systems during and after pregnancy on the development of postpartum 
depression (PPD). 

Hypothesis: A poor support system during and after pregnancy is associated v,ith the 
development of PPD. 

Methods: 

Design: Prospective cohort study 

Participants: Pregnant women 

Exposure: Either a good or a poor support system during and after pregnancy 

Outcome measures: Incidence rate of PPD 

Results: 

Participants 
Cases of Incidence of PPD per 

PPD 1,000 women-years 

Women who had a 
75 8 

good support system 

Women who had a 
225 20 

poor support system 

, Total person-times contributed by the at-risk population, which can be estimated as 

follows: 

o Among women Vfith a good support system, 75 women with PPD corresponded to 

0.008 (ie, 0.8o/o) of the total v,omen-years. Therefore, the total women-years in 

that group would correspond to 75 I (0.8%) = 75 I 0.008 = 9,375. 

o Among women with a poor support system, 225 women with PPD corresponded to 

0.020 (ie, 2°/o) of the total women-years. Therefore, the total v,omen-years in that 

group would correspond to 225 / (2°/o) = 225 / (0.020) = 11,250. 

o For both groups combined, the total women-years is 9,375 + 11,250 = 20,625. 

Therefore, the IR of PPD per 1,000 women-years regardless of type of support system is: 

IR= 300 / 20,625 = 0.0145 

In other words, IR~ 0.015, or 15 per 1,000 women-years. 

Educational objective: 

The incidence rate (IR) is the number of new cases of disease occurring in a specified 

population in a given period, usually expressed as number of events per person-time (ie, per 

1,000 person-years). The nun1erator of the IR is the number of new cases, whereas the 

denominator is the amount of at-risk time each person contributes. 
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Title: Effect of support systems during and after pregnancy on the development of postpartum 
depression (PPD). 

Hypothesis: A poor support system during and after pregnancy is associated v,ith the 
development of PPD. 

Methods: 

Design: Prospective cohort study 

Participants: Pregnant women 

Exposure: Either a good or a poor support system during and after pregnancy 

Outcome measures: Incidence rate of PPD 

Results: 

Participants 
Cases of Incidence of PPD per 

PPD 1,000 women-years 

Women who had a 
75 8 

good support system 

Women who had a 
225 20 

poor support system 

Item 2 of 2 

The researchers found that, compared to women with a good support system, women with a poor 

support system were significantly more likely to develop postpartum depression. Based on all 

results presented, which of the following is the most likely measure and magnitude of the effect 

and corresponding 95% confidence inteNal (Cl)? 

Q A. Odds ratio (OR) = 0.4; 95%CI: 0.28, 1.09 

Q B. OR= 2.5; 95%CI 1.98, 2.89 

Q C. Relative risk (RR) = 0.4; 95%CI: 0.21 , 0.89 

Q D. RR = 2.5; 95%CI 0.95, 2.95 

Q E. RR = 2.5; 95%CI 1.21, 3.10 

Submit 
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Title: Effect of support systems during and after pregnancy on the development of postpartum 
depression (PPD). 

Hypothesis: A poor support system during and after pregnancy is associated v,ith the 
development of PPD. 

Methods: 

Design: Prospective cohort study 

Participants: Pregnant women 

Exposure: Either a good or a poor support system during and after pregnancy 

Outcome measures: Incidence rate of PPD 

Results: 

Participants 
Cases of Incidence of PPD per 

PPD 1,000 women-years 

Women who had a 
75 8 

good support system 

Women who had a 
225 20 

poor support system 

Item 2 of 2 

The researchers found that, compared to women with a good support system, women with a 

poor support system were significantly more likely to develop postpartum depression. Based 

on all results presented, which of the following is the most likely measure and magnitude of the 

effect and corresponding 95o/o confidence interval (Cl )? 

A. Odds ratio (OR) = 04; 95%CI: 0.28, 1.09 (3°/o) 

B. OR= 2.5; 95%CI 1.98, 2.89 (21%) 

C. Relative risk (RR) = 04; 95%CI: 0.21 , 0.89 (16%) 

D. RR= 2.5; 95%CI 0.95, 2.95 (8%) 

E. RR= 2.5; 95%CI 1.21, 3.10 (49%) 

Omitted 
Correct answer 
E 

Explanation 

11,. 49°/o (T\ 36 secs 
l!!!. Answered correctly \::,; Time Spent 

06/1812020 
• last Updated 

In cohort studies, 2 groups of subjects (ie, cohorts) are selected based on their exposure 

status (ie, type of support system during and after pregnancy). The cohorts are then followed 

across time and the incidence of the disease (ie, postpartum depression [PPDJ) is compared 

between groups. The main measure of association between exposure and outcome in 

observational or experimental follow-up studies is the relative risk (RR): • 
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Title: Effect of support systems during and after pregnancy on the development of postpartum 
depression (PPD). 

Hypothesis: A poor support system during and after pregnancy is associated v,ith the 
development of PPD. 

Methods: 

Design: Prospective cohort study 

Participants: Pregnant women 

Exposure: Either a good or a poor support system during and after pregnancy 

Outcome measures: Incidence rate of PPD 

Results: 

Participants 
Cases of Incidence of PPD per 

PPD 1,000 women-years 

Women who had a 
75 8 

good support system 

Women who had a 
225 20 

poor support system 

Omitted 
Correct answer 

E 

Explanation 

11 .. 49°/o 
l!!!. Answered correctly 

(T\ 36 secs 
\.::,/ Time Spent • 

06/18/2020 
last Updated 

In cohort studies, 2 groups of subjects (ie, cohorts) are selected based on their exposure 

status (ie, type of support system during and after pregnancy). The cohorts are then followed 

across time and the incidence of the disease (ie, postpartum depression [PPDJ) is compared 

between groups. The main measure of association between exposure and outcome in 

observational or experimental follow-up studies is the relative risk (RR): 

RR = risk of disease in exposed group / risk of disease in unexposed group 

RR <1.0 indicates decreased risk in the exposed group; RR= 1.0 indicates no difference in risk 

between the groups; and RR >1.0 indicates increased risk in the exposed group. 

In this case, RR = incidence rate among women with a poor support system I incidence rate 

among v,omen with a good support system = 0.0201 0.008 = 2.5 (ie, RR >1.0), indicating 

increased risk of PPD an1ong women with a poor support system. 

Given that the researchers found a statistically significant association between poor support 

system and PPD, the 95% confidence interval (Cl) must exclude the null value (1.0 in the case 

of RR) (Choice D). 

(Choices A and B) Odds ratios (ORs) are the main measure of association between 

exposure and outcome in case-control and cross-sectional studies; a statistically significant OR 

will be accompanied by a Cl that excludes the null value 1. However, the abstract describes a 

cohort study, \"/here RR is the most appropriate measure of association. 
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Title: Effect of support systems during and after pregnancy on the development of postpartum 
depression (PPO). 

Hypothesis: A poor support system during and after pregnancy is associated v,ith the 
development of PPD. 

Methods: 

Design: Prospective cohort study 

Participants: Pregnant women 

Exposure: Either a good or a poor support system during and after pregnancy 

Outcome measures: Incidence rate of PPD 

Results: 

Participants 
Cases of Incidence of PPD per 

PPD 1,000 women-years 

Women who had a 
75 8 

good support system 

Women who had a 
225 20 

poor support system 

between the groups; and RR >1.0 indicates increased risk in the exposed group. 

In this case, RR = incidence rate among women with a poor support system I incidence rate 

among women with a good support system = 0.020 I 0.008 = 2.5 (ie, RR >1.0), indicating 

increased risk of PPD among women with a poor support system. 

Given that the researchers found a statistically significant association between poor support 

system and PPO, the 95o/o confidence interval (Cl) must exclude the null value (1.0 in the case 

of RR) (Choice D). 

(Choices A and B) Odds ratios (ORs) are the main measure of association between 

exposure and outcome in case-control and cross-sectional studies; a statistically significant OR 

v,ill be accompanied by a Cl that excludes the null value 1. However, the abstract describes a 

cohort study, where RR is the most appropriate measure of association. 

(Choice C) Assuming the reference group (ie, denominator) is women with a poor support 

system, the RR can be calculated as follows: RR= 0.008 / 0.020 = 0.4. In this case, the 

reference group is won1en with a good support system, based on the question sten1 

("compared to women vvith a good support system"). 

Educational objective: 

Relative risk (RR) is the measure of association used to estimate associations in cohort and 

experimental design studies, where participants are followed over time to assess a risk factor 

for developing a given disease. RR is the ratio of the probability of an outcome occurring in 

the exposed group compared to the probability of it occurring in the unexposed group. A 

statistically significant RR will be accompanied by a confidence interval that excludes the null 

value of 1. 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
system 

Risk 
Topic 
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A study examines the role of different biomarkers in the early diagnosis of acute coronary syndrome. The following receiver-operating 

characteristic (ROC) curves were obtained for different biomarkers upon participants' initial symptom presentation in the emergency department 

(the X marks the 991h percenti le cutoff point for the corresponding biomarker). 

Based on the study results and assuming the differences are statistically significant, which of the follov,ing 99th percentile cutoff points can best 

exclude acute coronary syndrome during initial symptom presentation in the emergency department? 

0 A. Biomarker 1 

0 B. Biomarker 2 

0 C. Biomarker 3 

0 D. Biomarker4 

Submit 
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A study examines the role of different biomarkers in the early diagnosis of acute coronary syndrome. The following receiver-operating 

characteristic (ROC) curves were obtained for different biomarkers upon participants' initial symptom presentation in the emergency department 

(the X marks the 991h percenti le cutoff point for the corresponding biomarker). 

Receiver operating characteristic (ROC) curve 
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A study examines the role of different biomarkers in the early diagnosis of acute coronary syndrome. The following receiver-operating 

characteristic (ROC) curves were obtained for different biomarkers upon participants' initial symptom presentation in the emergency department 

(the X marks the 991h percenti le cutoff point for the corresponding biomarker). 
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Based on the study results and assuming the differences are statistically significant, which of the follovting 99th percentile cutoff points can best 

exclude acute coronary syndrome during initial symptom presentation in the emergency department? 
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A study examines the role of different biomarkers in the early diagnosis of acute coronary syndrome. The following receiver-operating 

characteristic (ROC) curves were obtained for different biomarkers upon participants' initial symptom presentation in the emergency department 

(the X marks the 991h percenti le cutoff point for the corresponding biomarker). 
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A study examines the role of different biomarkers in the early diagnosis of acute coronary 

syndrome. The following receiver-operating characteristic (ROG) curves were obtained for 

different biomarkers upon participants' initial symptom presentation in the emergency 

department (the X marks the 99th percentile cutoff point for the corresponding biomarker). 

Receiver operating characteristic (ROC) curve 
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Explanation 

Receiver-operating characteristic (ROG) curves plot sensitivity as a function of ( 1 - specificity) 

at various cutoff points for a given test; they help determine thresholds given acceptable false 

positive and false negative fractions. There is a trade-off between sensitivity and specificity at 

any particular cutoff point. 

The biomarker 2 cutoff appears to offer the highest sensitivity (highest point on the y-axis). 

Sensitivity refers to the proportion of patients with the disease who test positive on a given 

test. It is proportional to true positive rates, so a negative result on a highly sensitive test helps 

to rule out a disease. Biomarker 2 also appears to have the highest diagnostic accuracy given 

that the corresponding area under the curve is the largest. 

Educational objective: 

Receiver-operating characteristic (ROG) curves plot sensitivity as a function of (1 - specificity) 

at various cutoff points for a test. A negative result on a highly sensitive test helps to rule out a 

disease. 

References 
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exclude acute coronary syndrome during initial symptom presentation in the emergency department? 

A. Biomarker 1 (3o/o) 

../ B. Bio marker 2 (78°/o) 

C. Biomarker 3 ( 10°/o) 

D. Biomarker 4 (7%) 

Omitted 
Correct answer 
B 

Explanation 

11 .. 78% 
l!!!. Answered correctly 

,i\ 05 mins, 28 secs 
\.;:) Time Spent 

F=I 07/24/2020 
El Last Updated 

Receiver-operating characteristic (ROC) curves plot sensitivity as a function of (1 - specificity) at various cutoff points for a given test; they help 

determine thresholds given acceptable false positive and false negative fractions. There is a trade-off between sensitivity and specificity at any 

particular cutoff point. 

The biomarker 2 cutoff appears to offer the highest sensitivity (highest point on the y-axis). Sensitivity refers to the proportion of patients v11ith the 

disease who test positive on a given test It is proportional to true positive rates, so a negative result on a highly sensitive test helps to rule out a 

disease. Biomarker 2 also appears to have the highest diagnostic accuracy given that the corresponding area under the curve is the largest 

Educational objective: 

Receiver-operating characteristic (ROC) curves plot sensitivity as a function of (1 - specificity) at various cutoff points for a test. A negative result 

on a highly sensitive test helps to rule out a disease. 
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D. Biomarker 4 (7%) 

Omitted 
Correct answer 
B 

Explanation 

11 .. 78% 
L!!!. Answered corredly 

IT\ 05 mins, 28 secs 
I....::.) Time Spent 

F=1 07/24/2020 
IE!.I Last Updated 

Receiver-operating characteristic (ROC) curves plot sensitivity as a function of (1 - specificity) at various cutoff points for a given test; they help 

determine thresholds given acceptable false positive and false negative fractions. There is a trade-off between sensitivity and specificity at any 

particular cutoff point 

The biomarker 2 cutoff appears to offer the highest sensitivity (highest point on the y-axis). Sensitivity refers to the proportion of patients with the 

disease who test positive on a given test It is proportional to true positive rates, so a negative result on a highly sensitive test helps to rule out a 

disease. Bion1arker 2 also appears to have the highest diagnostic accuracy given that the corresponding area under the curve is the largest 

Educational objective: 

Receiver-operating characteristic (ROC) curves plot sensitivity as a function of (1 - specificity) at various cutoff points for a test A negative result 

on a highly sensitive test helps to rule out a disease. 
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Abstract: 

Hypothesis: Physical activity (PA) is associated with disease severity and prognosis in patients 
with chronic obstructive pulmonary disease (COPD). It is hypothesized that elderly COPD 

patients engage in low levels of PA, and that factors such as health-related quality of life (HRQL), 
depression, and exercise capacity are associated with lov,-level PA in this population. 

Methods: 

Design: Secondary analysis of data from a cross-sectional study. 

Participants 160 patients age <'.65 with COPD of varying severity. 

Assessment: Data v,ere collected from patient records, self-administered questionnaires 

and disease-specific instruments and scales, and surveys. 

Outcome measures: PA levels (low [<30 min/day) vs high [<'.60 min/day]); 6-minute walk 

distance (6IVIWD), where test results <250 meters indicate decreased exercise capacity; 
anxiety and depression symptomatology (hospital anxiety and depression scales [HADS), 
\"!here scores <'.8 indicate probable presence of a mood disorder); dyspnea (modified 

medical research council [MMRCJ scale, where scores <'.2 indicate more severe symptoms); 
HRQL (St George's respiratory questionnaire [SGRO], which ranges from 0, indicating no 
disturbance in HRQL, to 100); and physical functioning (36-iten1 short-forn1 health survey 
[SF-36], ranging from O indicating worst health to 100 indicating best health). 

Results: 
The following data using odds ratios from univariate and multiple regression analyses were 

reported: 

Factor 

Factors associated with high-level physical activity 

Univariate analysis 
OR" 

(95°/o Cl) 

Multiple regression analysis 
OR" 

(95°/o Cl) 

The abstract applies to the next 2 items. 

A 71-year-old man comes to the office due to slowly progressive shortness of breath for the 

past year. He enjoys working in his garden, but shortness of breath has forced him to reduce 

the time he spends there. He also has a mild morning cough productive of whitish sputum. He 

estimates that his physical activity level is <30 min/day. The patient has a history of 

hypertension. He is a retired middle school teacher. He smoked 2 packs of cigarettes daily for 

20 years and quit 15 years ago. Blood pressure is 127/85 mm Hg, pulse is 78/min, 

respirations are 14/min, and pulse oximetry is 93°/o on room air. BMI is 24 kg/m2. Occasional 

end-expiratory wheezes are present on lung examination, and the heart examination 

demonstrates a regular rate and rhythm. Chest x-ray shows hyperinflation, and pulmonary 

function test results are consistent with an obstructive defect. 

Item 1 of 2 

Based on the results of the study, which of the following is most likely to occur if the patient 

increases his physical activity level to >60 min/day? 

Q A. A statistically significant decrease in anxiety and depression based on HADS 

scores. 

Q 8. A statistically significant decrease in anxiety based on HADS-A score. 

Q C. A statistically significant decrease in dyspnea based on MM RC scale score. 

Q D. A statistically significant increase in 6MWD. 

Q E. A statistically significant increase in physical functioning based on SF-36 score. 
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Univariate analysis Multiple regression analysis 
Factor OR* OR* 

(95% Cl) (95'% Cl) 

GMWD (<250 m) 
0.22 048 

(0.07, 0.68) (0.11, 1.20) 

HADS-A i!:8 
0.38 0.50 

(0.13, 1.05) (0.12, 1.02) 

HADS-0 i!:8 
042 048 

(0.21 , 0.83) (0 24, 0.98) 

MMRC scale (i!:2) 
0.29 0.39 

(0.13, 0.67) (0 17, 0.93) 

SF-36 physical 1.04 1 01 
functioning (1 .01, 1.06) (0.96, 1.10) 
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HADS-0 ?!8 
0.42 0.48 

(0.21 , 0.83} (0.24, 0.98} 

MMRC scale (?!2) 
0.29 0.39 

(0.13, 0.67} (0.17, 0.93} 

SF-36 physical 1 04 1 01 
functioning (1 .01, 1.06) (0.96, 1.10} 

SGRQ total score 
0.98 0.98 

(0.96, 0.99} (0.85, 1.22} 

*OR of high-level (ie, ?!60 min/day) compared to low-level (ie, <30 min/day) 
physical activity. 

6MWD = 6-minute walk distance; Cl = confidence interval ; HADS-A = hospital anx iety 
and depression scale-anxiety; HADS-0 = hospital anxiety and depression scale-

depression; MMRC = modified medical research council; OR = odds ratio; SF-36 = 
medical outcomes short form-36; SGRQ = St. George's respi ratory questionnaire. 
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Abstract: 

Hypothesis: Physical activity (PA) is associated with disease severity and prognosis in patients 
with chronic obstructive pulmonary disease (COPD). It is hypothesized that elderly COPD 

patients engage in low levels of PA, and that factors such as health-related quality of life (HRQL), 
depression, and exercise capacity are associated with lov,-level PA in this population. 

Methods: 

Design: Secondary analysis of data from a cross-sectional study. 

Participants 160 patients age <'.65 with COPD of varying severity. 

Assessment: Data v,ere collected from patient records, self-administered questionnaires 

and disease-specific instruments and scales, and surveys. 

Outcome measures: PA levels (low [<30 min/day) vs high [<'.60 min/day]); 6-minute walk 

distance (6IVIWD), where test results <250 meters indicate decreased exercise capacity; 
anxiety and depression symptomatology (hospital anxiety and depression scales [HADS), 
\"!here scores <'.8 indicate probable presence of a mood disorder); dyspnea (modified 

medical research council [MMRCJ scale, where scores <'.2 indicate more severe symptoms); 
HRQL (St George's respiratory questionnaire [SGRO], which ranges from 0, indicating no 
disturbance in HRQL, to 100); and physical functioning (36-iten1 short-forn1 health survey 
[SF-36], ranging from O indicating worst health to 100 indicating best health). 

Results: 
The following data using odds ratios from univariate and multiple regression analyses were 

reported: 

Factor 

Factors associated with high-level physical activity 

Univariate analysis 
OR" 

(95°/o Cl) 

Multiple regression analysis 
OR" 

(95°/o Cl) 

A 71-year-old man comes to the office due to slowly progressive shortness of breath for the 

past year. He enjoys working in his garden, but shortness of breath has forced him to reduce 

the time he spends there. He also has a mild morning cough productive of whitish sputum. He 

estimates that his physical activity level is <30 min/day. The patient has a history of 

hypertension. He is a retired middle school teacher. He smoked 2 packs of cigarettes daily for 

20 years and quit 15 years ago. Blood pressure is 127185 mm Hg, pulse is 78/min, 

respirations are 14/min, and pulse oximetry is 93°/o on room air. BMI is 24 kg/m2. Occasional 

end-expiratory wheezes are present on lung examination, and the heart examination 

demonstrates a regular rate and rhythm. Chest x-ray shows hyperinflation, and pulmonary 

function test results are consistent with an obstructive defect. 

Item 1 of 2 

Based on the results of the study, which of the following is most likely to occur if the patient 

increases his physical activity level to >60 min/day? 

A. A statistically significant decrease in anxiety and depression based on HADS 

scores. (8°/o) 

B. A statistically significant decrease in anxiety based on HADS-A score. (5°/o) 

C. A statistically significant decrease in dyspnea based on MM RC scale score. 

(61°/o) 

D. A statistically significant increase in 6MWD. (9%) 

E. A statistically significant increase in physical functioning based on SF-36 score. 

(14°/o) 
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Abstract: 

Hypothesis: Physical activity (PA) is associated with disease severity and prognosis in patients 
with chronic obstructive pulmonary disease (COPD). It is hypothesized that elderly COPD 

patients engage in low levels of PA, and that factors such as health-related quality of life (HRQL), 
depression, and exercise capacity are associated with lov,-level PA in this population. 

Methods: 

Design: Secondary analysis of data from a cross-sectional study. 

Participants 160 patients age <'.65 with COPD of varying severity. 

Assessment: Data v,ere collected from patient records, self-administered questionnaires 

and disease-specific instruments and scales, and surveys. 

Outcome measures: PA levels (low [<30 min/day) vs high [<'.60 min/day]); 6-minute walk 

distance (6IVIWD), where test results <250 meters indicate decreased exercise capacity; 
anxiety and depression symptomatology (hospital anxiety and depression scales [HADS), 
\"!here scores <'.8 indicate probable presence of a mood disorder); dyspnea (modified 

medical research council [MMRCJ scale, where scores <'.2 indicate more severe symptoms); 
HRQL (St George's respiratory questionnaire [SGRO], which ranges from 0, indicating no 
disturbance in HRQL, to 100); and physical functioning (36-iten1 short-forn1 health survey 
[SF-36], ranging from O indicating worst health to 100 indicating best health). 

Results: 
The following data using odds ratios from univariate and multiple regression analyses were 

reported: 

Factors associated with high-level physical activity 

Univariate analysis Multiple regression analysis 
Factor OR" OR" 

(95°/o Cl) (95°/o Cl) 

The odds ratio (OR) is a measure of association between exposure (eg, risk factor) and 

outcome (eg, disease}, with OR >1 meaning that exposure is associated with higher odds of 

outcome, OR <1 meaning that exposure is associated with lower odds of outcome, and OR = 1 

meaning that exposure has no effect on odds of outcome. A 95% confidence interval (Cl) that 

does not contain the null value (in this case, OR = 1) is often used as a proxy for statistical 

significance when the p-value is not provided . 

In this example, univariate analyses revealed that all risk factors apart from anxiety were 

statistically associated with high-level (ie, <'.60 min/day) physical activity (PA) given C ls 

excluding the null value (for anxiety, the association was nonstatistically significant given 95°/o 

Cl : 0.13, 1.05). However, univariate analysis does not take into account confounders, 

additional independent variables that may also be associated with exposure and outcome and 

that may mask the real association between exposure and outcome if not adjusted. Multiple 

regression is one of the techniques used during the data analysis phase of a study to adjust 

for confounders; it takes into account the effect from additional independent variables included 

in the analysis and estimates "adjusted" ORs_ An adjusted OR provides information about 

the strength of the association between exposure and outcome once all other potential 

confounders that might mask the real association have been controlled for in the regression 

model. 

Based on the abstract, after adjusting for all independent variables considered, high-level PA 

was significantly associated only with depression based on HADS-D (OR = 048, 95°/o Cl: 0.24, 

0.98) and dyspnea based on the MMRC scale (OR= 0.39, 95o/o Cl : 0.17, 0.93) (Choices A, B, 

D, and E). This means that, if the patient increases his PA level to <'.60 min/day, he \"!ill have a 

statistically significant decrease (because OR <1 ) in dyspnea based on his tvltvlRC score and 

in depression based on his HADS-D score. 

Educational objective: 

Confounding bias affects the statistical analysis of study results. Confounders may be 
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Abstract: 

Hypothesis: Physical activity (PA) is associated with disease severity and prognosis in patients 
with chronic obstructive pulmonary disease (COPD). It is hypothesized that elderly COPD 

patients engage in low levels of PA, and that factors such as health-related quality of life (HRQL), 
depression, and exercise capacity are associated with lov,-level PA in this population. 

Methods: 

Design: Secondary analysis of data from a cross-sectional study. 

Participants 160 patients age <'.65 with COPD of varying severity. 

Assessment: Data v,ere collected from patient records, self-administered questionnaires 

and disease-specific instruments and scales, and surveys. 

Outcome measures: PA levels (low [<30 min/day) vs high [<'.60 min/day]); 6-minute walk 

distance (6IVIWD), where test results <250 meters indicate decreased exercise capacity; 
anxiety and depression symptomatology (hospital anxiety and depression scales [HADS), 
\"!here scores <'.8 indicate probable presence of a mood disorder); dyspnea (modified 

medical research council [MMRCJ scale, where scores <'.2 indicate more severe symptoms); 
HRQL (St George's respiratory questionnaire [SGRO], which ranges from 0, indicating no 
disturbance in HRQL, to 100); and physical functioning (36-iten1 short-forn1 health survey 
[SF-36], ranging from O indicating worst health to 100 indicating best health). 

Results: 
The following data using odds ratios from univariate and multiple regression analyses were 

reported: 

Factors associated with high-level physical activity 

Univariate analysis Multiple regression analysis 

Factor OR" OR" 
(95°/o Cl) (95°/o Cl) 

additional independent variables that may also be associated with exposure and outcome and 

that may mask the real association between exposure and outcome if not adjusted. Multiple 

regression is one of the techniques used during the data analysis phase of a study to adjust 

for confounders; it takes into account the effect from additional independent variables included 

in the analysis and estimates "adjusted" ORs. An adjusted OR provides information about 

the strength of the association betv,een exposure and outcome once all other potential 

confounders that might mask the real association have been controlled for in the reg ression 

model. 

Based on the abstract, after adjusting for all independent variables considered, high-level PA 

v,as significantly associated only with depression based on HADS-D (OR = 0.48, 95°/o Cl: 0.24, 

0.98) and dyspnea based on the MMRC scale (OR= 0.39, 95o/o Cl : 0.17, 0.93) (Choices A, B, 

D, and E). This means that, if the patient increases his PA level to <'.60 min/day, he vtill have a 

statistically significant decrease (because OR <1) in dyspnea based on his MMRC score and 

in depression based on his HADS-D score. 

Educational objective: 

Confounding bias affects the statistical analysis of study results. Confounders may be 

controlled during the data analysis phase with multiple regression. Factors statistically 

associated with the outcome in univariate analysis may not necessarily be significant in the 

multivariable analysis once all other factors have been adjusted for in the model. 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

Confounding, effect modification, bias, errors 
Topic 

Copynghl © orld All ts resetved 
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Abstract: 

Hypothesis: Physical activity (PA) is associated with disease severity and prognosis in patients 
with chronic obstructive pulmonary disease (COPD). It is hypothesized that elderly COPD 

patients engage in low levels of PA, and that factors such as health-related quality of life (HRQL), 
depression, and exercise capacity are associated with lov,-level PA in this population. 

Methods: 

Design: Secondary analysis of data from a cross-sectional study. 

Participants 160 patients age <'.65 with COPD of varying severity. 

Assessment: Data v,ere collected from patient records, self-administered questionnaires 

and disease-specific instruments and scales, and surveys. 

Outcome measures: PA levels (low [<30 min/day) vs high [<'.60 min/day]); 6-minute walk 

distance (6IVIWD), where test results <250 meters indicate decreased exercise capacity; 
anxiety and depression symptomatology (hospital anxiety and depression scales [HADS), 
\"!here scores <'.8 indicate probable presence of a mood disorder); dyspnea (modified 

medical research council [MMRCJ scale, where scores <'.2 indicate more severe symptoms); 
HRQL (St George's respiratory questionnaire [SGRO], which ranges from 0, indicating no 
disturbance in HRQL, to 100); and physical functioning (36-iten1 short-forn1 health survey 
[SF-36], ranging from O indicating worst health to 100 indicating best health). 

Results: 
The following data using odds ratios from univariate and multiple regression analyses were 

reported: 

Factors associated with high-level physical activity 

Univariate analysis Multiple regression analysis 
Factor OR" OR" 

(95°/o Cl) (95°/o Cl) 

Item 2 of 2 

Suppose that 115 of the 160 (71.9%) patients age >65 with chronic obstructive pulmonary 

disease in the study completed all the surveys and questionnaires. Which of the following best 

explains the potential bias introduced by the nonresponse in the study? 

Q A. Compared to respondents, nonrespondents represent an entirely different 

population 

Q 8. Nonrespondents caused a violation of the assumption of independence between 

observations 

Q C. Nonrespondents reduced the sample size; therefore, the likelihood for type I error 

is increased 

Q D. Respondents and nonrespondents come from the same population; therefore, the 

potential for bias is minimal 

Q E. Respondents may differ in some important way from nonrespondents 

Submit 
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Abstract: 

Hypothesis: Physical activity (PA) is associated with disease severity and prognosis in patients 
with chronic obstructive pulmonary disease (COPD). It is hypothesized that elderly COPD 

patients engage in low levels of PA, and that factors such as health-related quality of life (HRQL), 
depression, and exercise capacity are associated with lov,-level PA in this population. 

Methods: 

Design: Secondary analysis of data from a cross-sectional study. 

Participants 160 patients age <'.65 with COPD of varying severity. 

Assessment: Data v,ere collected from patient records, self-administered questionnaires 

and disease-specific instruments and scales, and surveys. 

Outcome measures: PA levels (low [<30 min/day) vs high [<'.60 min/day]); 6-minute walk 

distance (6IVIWD), where test results <250 meters indicate decreased exercise capacity; 
anxiety and depression symptomatology (hospital anxiety and depression scales [HADS), 
\"!here scores <'.8 indicate probable presence of a mood disorder); dyspnea (modified 

medical research council [MMRCJ scale, where scores <'.2 indicate more severe symptoms); 
HRQL (St George's respiratory questionnaire [SGRO], which ranges from 0, indicating no 
disturbance in HRQL, to 100); and physical functioning (36-iten1 short-forn1 health survey 
[SF-36], ranging from O indicating worst health to 100 indicating best health). 

Results: 
The following data using odds ratios from univariate and multiple regression analyses were 

reported: 

Factor 

Factors associated with high-level physical activity 

Univariate analysis 
OR" 

(95°/o Cl) 

Multiple regression analysis 
OR" 

(95°/o Cl) 

Item 2 of 2 

Suppose that 115 of the 160 (71.9%) patients age >65 with chronic obstructive pulmonary 

disease in the study completed all the surveys and questionnaires. Which of the following best 

explains the potential bias introduced by the nonresponse in the study? 

A. Compared to respondents, nonrespondents represent an entirely different 

population ( 4 % ) 

8 . Nonrespondents caused a violation of the assumption of independence between 

observations (2°/o) 

C. Nonrespondents reduced the sample size; therefore, the likelihood for type I 

error is increased (21 o/o) 

D. Respondents and nonrespondents come from the same population; therefore, 

the potential for bias is minimal (6°/o) 

E. Respondents may differ in some important way from nonrespondents (65°/o} 

Omitted 
Correct answer 
E 

Explanation 

11 .. 65% 
l!!!. Answered correctly 

(j'\ 03 secs 
\.::I Time Spent @ 07/20/2020 

• last Updated 

Nonresponse bias may occur when a proportion of study participants become 

nonrespondents. Nonresponse typically affects stud ies that use questionnai res or surveys to 

collect data from artici ants. Althou 



- Item 12 of 39 t:,, <::j t> r , I'>\ -i &\ii! ni.i1 , .---;-m ~ = Question Id· 13206 • \ Mark L .J \.V G :?' 1ml ~ ~ 
· Previous Next Full Screen Tutorial lab Values Notes Calculator Reverse Color Text Zoom Settings 

Abstract: 

Hypothesis: Physical activity (PA) is associated with disease severity and prognosis in patients 
with chronic obstructive pulmonary disease (COPD). It is hypothesized that elderly COPD 

patients engage in low levels of PA, and that factors such as health-related quality of life (HRQL), 
depression, and exercise capacity are associated with lov,-level PA in this population. 

Methods: 

Design: Secondary analysis of data from a cross-sectional study. 

Participants 160 patients age <'.65 with COPD of varying severity. 

Assessment: Data v,ere collected from patient records, self-administered questionnaires 

and disease-specific instruments and scales, and surveys. 

Outcome measures: PA levels (low [<30 min/day) vs high [<'.60 min/day]); 6-minute walk 

distance (6IVIWD), where test results <250 meters indicate decreased exercise capacity; 
anxiety and depression symptomatology (hospital anxiety and depression scales [HADS), 
\"!here scores <'.8 indicate probable presence of a mood disorder); dyspnea (modified 

medical research council [MMRCJ scale, where scores <'.2 indicate more severe symptoms); 
HRQL (St. George's respiratory questionnaire [SGRO], which ranges from 0, indicating no 
disturbance in HRQL, to 100); and physical functioning (36-iten1 short-forn1 health survey 
[SF-36], ranging from O indicating worst health to 100 indicating best health). 

Results: 
The following data using odds ratios from univariate and multiple regression analyses were 

reported: 

Factors associated with high-level physical activity 

Univariate analysis Multiple regression analysis 

Factor OR" OR" 
(95°/o Cl) (95°/o Cl) 

Nonresponse bias may occur when a proportion of study participants become 

nonrespondents. Nonresponse typically affects studies that use questionnaires or surveys to 

collect data from participants. Although respondents and nonrespondents come from the 

same sample of participants, they may or may not represent the same population. Therefore, 

nonresponse may potentially bias a study if nonrespondents are systematically different 

fron1 respondents in important characteristics (eg, exposure or disease status) that the study 

is designed to identify. 

If researchers determine that respondents do not differ in meaningful ways from 

nonrespondents with regard to exposure or disease status, then nonresponse only reduces the 

sample size of the study. This leads to an increased probability of a type 2 error (probab.ility of 

failing to reject a false null hypothesis [false negative)) and reduced statistical power. 

(Choices A and D) Depending on whether respondents differ in meaningful ways fron1 

nonrespondents, they may or may not come from the same population. This example does not 

provide enough information to establ ish v/hether respondents differ from nonresponders. 

(Choice B) The assumption of independence between observations is a foundation for many 

statistical tests. It states that the value of one data point (observation) does not depend on the 

value of any other data point. In this example, nonresponse has no bearing on the assumption 

of independence of observations. 

(Choice C) The probability of a type I error (rejecting a true null hypothesis [false positive]) 

usually increases as sample size increases, and not as sample size decreases due to 

nonresponse. 

Educational objective: 

Nonresponse increases the potential for bias in 2 different ways: it introduces a bias in 

estimates when nonrespondents differ from respondents in the outcome of interest; and it 

contributes to a decrease in statistical power given that the sample size has been reduced. 
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Abstract: 

Hypothesis: Physical activity (PA) is associated with disease severity and prognosis in patients 
with chronic obstructive pulmonary disease (COPD). It is hypothesized that elderly COPD 

patients engage in low levels of PA, and that factors such as health-related quality of life (HRQL), 
depression, and exercise capacity are associated with lov,-level PA in this population. 

Methods: 

Design: Secondary analysis of data from a cross-sectional study. 

Participants 160 patients age <'.65 with COPD of varying severity. 

Assessment: Data v,ere collected from patient records, self-administered questionnaires 

and disease-specific instruments and scales, and surveys. 

Outcome measures: PA levels (low [<30 min/day) vs high [<'.60 min/day]); 6-minute walk 

distance (6IVIWD), where test results <250 meters indicate decreased exercise capacity; 
anxiety and depression symptomatology (hospital anxiety and depression scales [HADS), 
\"!here scores <'.8 indicate probable presence of a mood disorder); dyspnea (modified 

medical research council [MMRCJ scale, where scores <'.2 indicate more severe symptoms); 
HRQL (St. George's respiratory questionnaire [SGRQ), which ranges from 0, indicating no 
disturbance in HRQL, to 100); and physical functioning (36-iten1 short-forn1 health survey 
[SF-36], ranging from O indicating worst health to 100 indicating best health). 

Results: 
The following data using odds ratios from univariate and multiple regression analyses were 

reported: 

Factors associated with high-level physical activity 

Univariate analysis Multiple regression analysis 

Factor OR" OR" 
(95°/o Cl) (95°/o Cl) 

• X 

r, G) il CJ· = , AA ® L .J 
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is designed to identify. 

If researchers detern1ine that respondents do not differ in meaningful ways from 

nonrespondents with regard to exposure or disease status, then nonresponse on ly reduces the 

sample size of the study. This leads to an increased probability of a type 2 error (probability of 

failing to reject a false null hypothesis [false negative)) and reduced statistical power. 

(Choices A and D) Depending on whether respondents differ in meaningful ways fron1 

nonrespondents, they may or may not come from the same population. This example does not 

provide enough information to establish v1hether respondents differ from nonresponders. 

(Choice B) The assumption of independence between observations is a foundation for many 

statistical tests. It states that the value of one data point (observation) does not depend on the 

value of any other data point. In this example, nonresponse has no bearing on the assumption 

of independence of observations. 

(Choice C) The probability of a type I error (rejecting a true null hypothesis [false positive]) 

usually increases as sample size increases, and not as sample size decreases due to 

nonresponse. 

Educational objective: 

Nonresponse increases the potential for bias in 2 different ways: it introduces a bias in 

estimates when nonrespondents differ from respondents in the outcome of interest; and it 

contributes to a decrease in statistical power given that the sample size has been reduced. 

However, a significant nonresponse rate in a study does not necessarily translate into bias. 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

Bias 
Topic 
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A study examines the association between benzodiazepine use and hip fracture in elderly patients >70 years of age. A total of 180 patients 

admitted to 20 hospitals v,ith hip fracture were included in the analysis; 10 patients used benzodiazepines in the week before admission. For 

comparison, the investigators selected 200 patients who were admitted for a different reason; 7 of them used benzodiazepines in the week before 

admission. Which of the following is the best measure of association to be reported for this study? 

Q A. (10 / 180) I (7 / 200) 

Q B. (10*193) / (7 • 170) 

Q C. (10 / 170) - (7 / 193) 

Q D. (10 * 200) I (7 • 180) 

Q E. (10 + 7) / (180 + 200) 

Submit 
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A study examines the association between benzodiazepine use and hip fracture in elderly patients >70 years of age. A total of 180 patients 

admitted to 20 hospitals v,ith hip fracture were included in the analysis; 10 patients used benzodiazepines in the week before admission. For 

comparison, the investigators selected 200 patients who were admitted for a different reason; 7 of them used benzodiazepines in the week before 

admission. Which of the following is the best measure of association to be reported for this study? 

A. (10 / 180) I (7 / 200) (58%) 

B. (10*193) / (7 • 170) (22%) 

C. (10 / 170) - (7 / 193) (9°/o) 

D. (10 * 200) / (7 • 180) (6o/o) 

E. (10 + 7) / (180 + 200) (2%) 

Omitted 
Correct answer 
B 

Explanation 

111. 22% 
l!!!. Answered correctty 

('j\ 02 secs 
\..::J Time Spent • 

02/22/2020 
Last Updated 

This is a case-control study; the case group includes individuals with the outcome of interest (eg, hip fracture) and the control group includes 

individuals without it The distribution of the exposure (eg, benzodiazepine use) is retrospectively measured within each group. The odds ratio 

(OR) is a measure of association commonly used in case-control studies, where it represents the odds that a case was exposed divided by the 

odds that a control was exposed. Controls represent an unknown fraction of the population, so it is impossible to calculate a true risk, relative risk, 

or risk ratio in a case-control study. 

Contingency (2x2) tables are useful for solving such problems and are usually presented in the format below: 
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This is a case-control study; the case group includes individuals with the outcome of interest (eg, hip fractu re) and the control group includes 

individuals without it The distribution of the exposure (eg, benzodiazepine use) is retrospectively measured within each group. The odds ratio 

(OR) is a measure of association commonly used in case-control studies, where it represents the odds that a case was exposed divided by the 

odds that a control was exposed. Controls represent an unknown fraction of the population, so it is impossible to calculate a true risk, relative risk, 

or risk ratio in a case-control study. 

Contingency (2x2) tables are useful for solving such problems and are usually presented in the format belov,: 

Outcome/disease Outcome/disease 

present absent 

Exposure/risk factor 
a b a+b 

present 

Exposure/risk factor 

absent 
C d c+d 

a+c b+d 

For this particular study, the following contingency table can be constructed: 

Hip fracture No hip fracture 

Benzodiazepine use a= 10 b=7 

No benzodiazepine use C = 170 d = 193 

a+ c= 180 b+ d =200 

Odds is defined as probability divided by (1 minus probability); mathematically, odds= P / (1 - P), where P is probability. 
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--------------------------------

For this particular study, the following contingency table can be constructed: 

Hip fracture No hip fracture 

Benzodiazepine use a= 10 b= 7 

No benzodiazepine use C = 170 d = 193 

a+c= 180 b + d = 200 

Odds is defined as probability divided by (1 minus probability); mathematically, odds= P / (1 - P}, where P is probability. 

• For patients with hip fractures there was a (10 / 180) probability that they used benzodiazepines and a (170 / 180) probabil ity that they did 

not; note that (170 / 180) = [ 1 - (10 / 180)]. Therefore, these patients had an odds of ( 10 / 180) / ( 170 / 180) = 10/170 of having used 

benzodiazepines. In general, odds of an event (eg, hip fracture) among patients with an exposure (eg, benzodiazepine use) is given by (a / 

c) 

• Similarly, patients without hip fractures had odds of (7 / 200) / (193 / 200) = 7/193 of having used benzodiazepines. In general, odds of an 

event (eg, hip fracture) among patients without an exposure (eg, benzodiazepine use) is given by (b / d). 

The OR refers to the ratio of these 2 measures: OR= (a / c) / (b / d) = (10 / 170) I (7 / 193). This result can be further manipulated to give 

(a • d) / (b • c) = (10 * 193) / (7 • 170), which is a mathematical shortcut to calculate OR. 

(Choice A) (10 / 180) / (7 / 200) represents [a / (a+ c)] / [b / (b + d)). This is the formula for the positive likelihood ratio in a contingency table of 

test results and disease. The formula for relative risk, which should not be calculated for case-control studies as such studies do not follow 

patients over time, is given by [a / (a+ b)] / [c / (c + d)). 

(Choice C) (10 / 170) - (7 / 193) is the difference of the odds and does not give a useful measure of association. 

(Choice D) ( 10 • 200) / (7 • 180) is mathematically equivalent to the formula given in choice A, ( 10 / 180) / (7 / 200). 

(Choice E) (10 + 7) / (180 + 200) refers to the proportion of patients who used benzodiazepines in cases and controls combined. It does not give 

a measure of association. 
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not; note that (170 / 180) = [ 1 - (10 / 180)]. Therefore, these patients had an odds of ( 10 / 180) / ( 170 / 180) = 10/170 of having used 

benzodiazepines. In general, odds of an event (eg, hip fracture) among patients vvith an exposure (eg, benzodiazepine use) is given by (a / 

c). 

• Similarly, patients w ithout hip fractures had odds of (7 / 200) I (193 / 200) = 7/193 of having used benzodiazepines. In general, odds of an 

event (eg, hip fracture) among patients w ithout an exposure (eg, benzodiazepine use) is given by (b I d). 

The OR refers to the ratio of these 2 measures: OR= (a / c) / (b / d) = (10 / 170) / (7 / 193). This result can be further manipulated to give 

(a• d) / (b • c) = (10 • 193) / (J • 170), which is a mathematical shortcut to calculate OR. 

(Choice A) (10 / 180) / (7 / 200) represents [a / (a+ c)] / [b / (b + d)]. This is the formula for the positive likelihood ratio in a contingency table of 

test results and disease. The formula for relative risk, which should not be calculated for case-control studies as such studies do not follow 

patients over time, is given by (a / (a+ b)J / [c / (c + d)]. 

(Choice C) (10 / 170) - (J / 193) is the difference of the odds and does not give a useful measure of association. 

(Choice D) (10 • 200) / (7 • 180) is mathematically equivalent to the formula given in choice A, (10 / 180) / (7 / 200). 

(Choice E) (10 + 7) / (180 + 200) refers to the proportion of patients who used benzodiazepines in cases and controls combined. It does not give 

a measure of association. 

Educational objective: 

Odds ratios (but not relative risks or risk ratios) can be obtained in case-control studies and are a useful measure of association. 

References 

• Explaining odds ratios. 

• Statistics notes. The odds ratio. 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

<OP'/fl(Jhl@ JWorid 

Odds ratio 
Topic 
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Over the course of 5 years, a pediatric endocrinologist has seen a marked increase in the prevalence of depression among patients with obesity in 

her practice. She partners with a pediatric psychiatrist to devise a short screening test for depression for this specific population. The new 

screening test is found to be 90% sensitive and 84% specific. If this test is used on a sample of patients •,vith obesity in which 35% are knov,n to 

have depression, what is the chance that a patient with obesity who tests negative is actually free from depression? 

0 A. 0.12 

0 B. 0.75 

0 C. 0.94 

0 D. 2.97 

0 E. 5.63 

Submit 
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Over the course of 5 years, a pediatric endocrinologist has seen a marked increase in the prevalence of depression among patients with obesity in 

her practice. She partners with a pediatric psychiatrist to devise a short screening test for depression for this specific population. The new 

screening test is found to be 90% sensitive and 84% specific. If this test is used on a sample of patients •,vith obesity in which 35% are knov,n to 

have depression, what is the chance that a patient with obesity who tests negative is actually free from depression? 

A. 0.12 (14%) 

B. 0.75 (27%) 

C. 0.94 (45%) 

D. 2.97 (6%) 

E. 5.63 (4%) 

Omitted 
Correct answer 
C 

Explanation 

111. 45% 
l!!!. Answered correctty 

('j\ 02 secs 
\..::J Time Spent 

02/2512020 
• Last Updated 

The negative predictive value (NPV) is the probability of not having a disease given a negative test result Predictive values are affected by 

the prevalence of the condition being studied, unlike sensitivity and specificity, which are prevalence-independent NPV can be calculated fron1 

data summarized in a standard 2 x 2 table, which can be reconstructed using disease prevalence and test sensitivity and specificity. 

Consider a hypothetical sample of 1,000 subjects. Based on the prevalence (35%), 350 of these subjects will have depression; therefore, 1,000-

350 = 650 will not have depression. Given the sensitivity of 90o/o, 0.9 x 350 = 315 of the 350 subjects with depression will test positive (true 

positives); given the specificity of 84%, 0.84 x 650 = 546 of the 650 without depression will test negative (true negatives). 
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The negative predictive value (NPV) is the probability of not having a disease given a negative test result Predictive values are affected by 

the prevalence of the condition being studied, unlike sensitivity and specificity, which are prevalence-independent NPV can be calculated from 

data sun1marized in a standard 2 x 2 table, which can be reconstructed using disease prevalence and test sensitivity and specificity. 

Consider a hypothetical sample of 1,000 subjects. Based on the prevalence (35%), 350 of these subjects will have depression; therefore, 1,000 -
350 = 650 will not have depression. Given the sensitivity of 90o/o, 0.9 x 350 = 315 of the 350 subjects with depression will test positive (true 

positives}; given the specificity of 84%, 0.84 x 650 = 546 of the 650 without depression will test negative (true negatives). 

Depression No depression Total 

315 104 419 
Test positive 

( a: true positives} (b false positives) (a+ b: total positive tests) 

35 546 581 
Test negative ( c: false negatives) (d: true negatives) (c + d: total negative tests) 

350 650 
Total 

(a + c: total diseased) (b + d: total nondiseased) 
1,000 

Then the NPV can be calculated as: True negatives / (False negatives + True negatives} = d / (c + d). In this case: 

NPV = d / (c + d) = 546 / (35 + 546} = (546 / 581) = -0.94 

Therefore, there is a 94% chance that a patient with obesity who tests negative for depression on the screening test is actually free of this disease. 

(Choices A and E) The negative likelihood ratio (LR-) is the probability of a patient with the disease testing negative divided by the probabi lity of 

a patient without the disease testing negative. LR- = (1 - sensitivity} / specificity = (1 - 0.90) / 0.84 = (0.10 I 0.84) = -0.12. The positive likelihood 

ratio (LR+) is the probability of a patient with the disease testing positive divided by the probability of a patient without the disease testing positive. 

= 0.90 I 1 - 0.84 = 0.90 / 0.16 = -5.63. 
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Total 
(a + c: total diseased) (b + d: total nondiseased) 

1,000 

Then the NPV can be calculated as: True negatives / (False negatives+ True negatives) = d / (c + d). In this case: 

NPV = d / (c + d) = 546 / (35 + 546) = (546 / 581) = -0.94 

Therefore, there is a 94o/o chance that a patient with obesity who tests negative for depression on the screening test is actually free of this disease. 

(Choices A and E) The negative likelihood ratio (LR-) is the probability of a patient with the disease testing negative divided by the probability of 

a patient without the disease testing negative. LR- = (1 - sensitivity)/ specificity = (1 - 0.90) / 0.84 = (0.10 I 0.84) = -0.12. The positive likelihood 

ratio (LR+) is the probability of a patient with the disease testing positive divided by the probability of a patient without the disease testing positive. 

LR+= sensitivity / (1 - specificity) = 0.90 / (1 - 0.84) = (0.90 I 0.16) = - 5.63. 

(Choice B) Positive predictive value (PPV) is the probability of having a disease given a positive test result PPV =a / (a+ b) = 315 / (315 + 104) 

= -0.75. 

(Choice D) The ratio of false-positive to false-negative findings (FP:FN ratio) is an informative metric that denotes how likely the screening test is 

to result in a false positive as compared to a false negative; it can be expressed as follows: b / c = 104 / 35 = 2. 97 or -3: 1. Therefore, a false 

positive test result is almost 3 times more likely than a false negative test resulL 

Educational objective: 

Predictive values are affected by the prevalence of disease in the target population, They can be calculated based on sensitivity, specificity, and 

prevalence of disease. 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

Sensitivity, specificity, positive predictive value PPV, negative predictive value NPV 
Topic 
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A cross-sectional study is investigating the association between smoking and latent tuberculosis infection (LTBI) in adults age ~21 in a rural 

community. lnterferon-y release assay (IGRA) results are used to determine LTBI status; subjects with a positive IGRA result undergo chest x-ray 

to exclude active pulmonary tuberculosis. Sociodemographic, lifestyle, and health-related information are collected by a standardized 

questionnaire administered by trained interviewers. The reported results on IGRA positivity among smokers are as follows: 

Which of the following factors strongly suggests a potential causal relationship between smoking and L TBI? 
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A cross-sectional study is investigating the association between smoking and latent tuberculosis infection (LTBI) in adults age ~21 in a rural 

community. lnterferon-y release assay (IGRA) results are used to determine LTBI status; subjects with a positive IGRA result undergo chest x-ray 

to exclude active pulmonary tuberculosis. Sociodemographic, lifestyle, and health-related information are collected by a standardized 

questionnaire administered by trained interviewers. The reported results on IGRA positivity among smokers are as follows: 

Variables N o/o 

Gender 

Female 41 /131 31 .30 

Male 1,42714,961 28.76 

TB contact history 

No 1,381/4,862 28.40 

Yes 87/228 38.16 

Duration of smoking (years) 

S10 96/753 12.75 

11-20 199/891 22.33 

21-30 366/1,305 28.05 

31-40 392/1, 138 34.45 

41-50 294/726 40.50 

>50 121/279 

Cl = confidence interval; OR = odds ratio; TB = tuberculosis. 

•p.value for x2 test for independence. 

43.37 

p-value* Adjusted ORt (95°/o Cl) 

0.528 0.91 (0.81, 1.10) 

0.002 1.48 (1.32, 1.61) 

<0.001 Reference 

1.45 (1.28, 1.69) 

1.65 (1 .49, 1.82) 

1.90 (1 .73, 2.07) 

2.09 (1 .98, 2.21) 

2.26 (2.1 7, 2.41) 

•Adjusted for gender, age, education level, alcohol drinking, TB contact history, and history of type 2 diabetes mellitus. 

Which of the following factors strongly suggests a potential causal relationship between smoking and L TBI? 
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No 1,381/4,862 

Yes 87/228 

Duration of smoking (years) 

S10 96n53 

11-20 199/891 

21-30 366/1,305 

31-40 392/1, 138 

41 -50 294/726 

>50 121/279 

Cl = confidence interval; OR = odds ratio; TB = tuberculosis. 

•p-value tor x2 test tor independence. 

28.40 0.002 1.48 (1.32, 1.61) 

38.16 

12.75 <0.001 Reference 

22.33 1.45 (1.28, 1.69) 

28.05 1.65 (1 .49, 1.82) 

34.45 1.90 (1.73, 2.07) 

40.50 2.09 (1.98, 2.21) 

43.37 2.26 (2.17, 2.41) 

•Adjusted for gender, age, education level, alcohol drinking, TB contact history, and history of type 2 diabetes mellitus. 

Which of the following factors strongly suggests a potential causal relationship between smoking and LTBI? 

Q A. Higher levels of risk for disease with higher levels of exposure to smoking 

Q B. No residual confounding by unadjusted risk factors 

Q C. Smoking occurred before L TBI 

Q D. Statistical significance of the association between smoking and LTBI 

Q E. Strength of the association betvveen smoking and LTBI 
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No 1,381/4,862 

Yes 87/228 

Duration of smoking (years) 

S10 96n53 

11-20 199/891 

21-30 366/1,305 

31-40 392/1 , 138 

41 -50 294/726 

>50 121/279 

Cl = confidence interval; OR = odds ratio; TB = tuberculosis. 

•p-value tor x2 test tor independence. 

28.40 0.002 1.48 (1.32, 1.61) 

38.16 

12.75 <0.001 Reference 

22.33 1.45 (1.28, 1.69) 

28.05 1.65 (1 .49, 1.82) 

34.45 1.90 (1.73, 2.07) 

40.50 2.09 (1.98, 2.21) 

43.37 2.26 (2.17, 2.41) 

•Adjusted for gender, age, education level, alcohol drinking, TB contact history, and history of type 2 diabetes mellitus. 

Which of the following factors strongly suggests a potential causal relationship between smoking and LTBI? 

A. Higher levels of risk for disease with higher levels of exposure to smoking (56%,) 

B. No residual confounding by unadjusted risk factors (5o/o) 

C. Smoking occurred before LTBI (5%) 

D. Statistical significance of the association between smoking and LTBI (22%) 

E. Strength of the association betvveen smoking and LTBI (10%) 

On11tted 
Correct answer 

11 .. 56% 
l!!!. Answered correctly 

fl\ 08secs 
\.::.J Time Spent 

07/17/2020 
• last Updated 
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A dose-response (biological gradient) relationship between an increased level of exposure to a risk factor and an increased probabil ity of 

disease assumes that the more intense the exposure, the greater the risk of disease. The presence of a dose-response relationship is one of 

the criteria to determine causality (although absence of a dose-response relationship should not be taken as evidence against causality). Any 

statistically significant association is more likely to be causal if its strength (typically reflected by the absolute value of the statistical parameter, 

such as the odds ratio [OR)) increases as the exposure to the risk factor increases . 

In this example, compared to a history of smoking S10 years, for every 10 additional years of smoking, the OR for latent tuberculosis infection 

(LTBI) increased in the following manner: 

Duration of smoking (years) 

<10 

11-20 

21-30 

31-40 

41 -50 

>50 

Adjusted OR (95°/o Cl) 

Reference 

1.45 (1.28, 1.69) 

1.65 (1.49, 1.82) 

1.90 (1. 73, 2.07) 

2.09 (1.98, 2.21 ) 

2.26 (2.17, 2.41 ) 

Although the cross-sectional study design precludes making causal inferences, the results of the study suggest a potential dose-response 

relationship between smoking (risk factor) and LTBI (disease). The dose-response relationship builds on the known significant association 

between smoking and tuberculosis (possibly because smoking depresses the immune system), thereby offering a stronger evidence of a potential 

cause-effect relationship. 

(Choice B) Confounding occurs \¥hen the association between an exposure and a disease is obscured by the effect of ~1 extraneous variables 

that are associated with both. In this case, the adjusted OR accounted for some of the potential confounding effects of several risk factors (eg, 

sex, age, education level). However, additional confounders (residual confounders) may not have been considered, leading to residual 
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Although the cross-sectional study design precludes making causal inferences, the results of the study suggest a potential dose-response 

relationship between smoking (risk factor) and LTBI (disease). The dose-response relationship builds on the known significant association 

between smoking and tuberculosis (possibly because smoking depresses the immune system), thereby offering a stronger evidence of a potential 

cause-effect relationship. 

(Choice B) Confounding occurs when the association between an exposure and a disease is obscured by the effect of ~1 extraneous variables 

that are associated v,ith both. In this case, the adjusted OR accounted for some of the potential confounding effects of several risk factors (eg, 

sex, age, education level). However, additional confounders (residual confounders) may not have been considered, leading to residual 

confounding. 

(Choice C) Temporality (order of events) states that the cause (ie, risk factor) must precede the outcome (ie, disease). Temporality is one of the 

n1ost important criteria for establishing causal ity. However, in this case, the study design (ie, cross-sectional study) assesses the association at a 

single point in time; therefore, it precludes inferring accurate temporal sequence between the risk factor and the disease. 

(Choices D and E) Statistical association, although always a required criterion to establish causality, by itself in no way implies causation. 

Compared to weaker statistical associations, stronger ones are more likely to be causal as they are unlikely to be accounted for entirely by 

alternate explanations (eg, confounding, bias). In this case, although there appears to be a strong, statistically significant association between 

smoking and LTBI, the presence of a dose-response relationship provides stronger evidence of a potential causal relationship. 

Educational objective: 

An association betv\feen a risk factor and a disease is more likely to be causal if its strength increases as the exposure level increases (ie, dose

response relationship or biological gradient). Although a very strong factor in favor of causal ity, a dose-response relationship is not necessary to 

infer causation. 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

<OP'/fl(Jhl@ JWorid 

Causality 
Topic 
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E. Strength of the association betv,een smoking and LTB I ( 1 Oo/o) 

Exhibit Display Ll ~ 

Omitted Basic criteria to establish causality Explanation 

Correct answer 
A 

Explanation 

A dose-response (biological gradient) rel 

disease assumes that the more intense th 

the criteria to determine causality (althoug 

statistically significant association is more I 

such as the odds ratio [OR]) increases as t 

In this example, compared to a history of s 

(LTBI) increased in the following manner: 

Du 

• 

Analogy 

Biological gradient 

Biological plausibility 

Coherence 

Consistency 

Experimental evidence 

Specificity 

Strength of association 

Temporality 

~ Add To Flash Card 

41-50 

Similar associations known 

Dose-response relationship between cause & effect 

Probable given established knowledge 

Association should not conflict with known facts 

Cause widely associated with effect 

Effect evidenced by experimental designs 

Cause uniquely associated with effect 

Cause associated with a substantive effect 

Cause precedes effect 

2.09 (1 .98, 2.21 ) 
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A study is conducted to assess myocardial perfusion imaging performance using a new pharmacologic agent for stress testing. The test is 

performed on inpatients and outpatients with chest pain. Patients with positive stress test results underwent cardiac catheterization to diagnose 

flow-l imiting coronary artery disease (CAO). Physicians interpreting the catheterization radiographs were blinded to inpatient/outpatient status. 

The following results are obtained: 

Inpatients: 

Number of patients with positive stress test: 122 

Flow-limiting CAD on cardiac catheterization 102/122 (84°/o) 

Outpatients: 

Number of patients with positive stress test: 115 

Flow-limiting CAD on cardiac catheterization 67/115 (58%) 

Which of the following best explains the difference in the rate of flow-limiting CAD between the groups in this study? 

0 A. Blinding of the catheterization film readers 

0 B. Negative likelihood ratio of the test 

0 C. Prevalence of the disease in the patient groups 

0 D. Positive likelihood ratio of the test 

0 E. Sensitivity of the test 

Submit 
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A study is conducted to assess myocardial perfusion imaging performance using a new pharmacologic agent for stress testing. The test is 

performed on inpatients and outpatients with chest pain. Patients with positive stress test results underwent cardiac catheterization to diagnose 

flow-l imiting coronary artery disease (CAO). Physicians interpreting the catheterization radiographs were blinded to inpatient/outpatient status. 

The following results are obtained: 

Inpatients: 

Number of patients w ith positive stress test: 122 

Flow-limiting CAD on cardiac catheterization 102/122 (84°/o) 

Outpatients: 

Number of patients w ith positive stress test: 115 

Flow-limiting CAD on cardiac catheterization 67/115 (58%) 

Which of the following best explains the difference in the rate of flow-limiting CAD between the groups in this study? 

A. Blinding of the catheterization film readers (2o/o) 

B. Negative likelihood ratio of the test (2°/o) 

C. Prevalence of the disease in the patient groups (77%) 

D. Positive likelihood ratio of the test (12%) 

E. Sensitivity of the test ( 4%) 

Omitted 
Correct answei 
C 

11 .. 77% 
l!!!. Answered correcUy 

,i\ 02 secs 
\.::.J Time Spent • 

02/16/2020 
last Updated 
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Positive condition Negative condition 

Positive 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 pos~ive; NPV = negative predictive value; PPV = positive predictive value; TN= true negative; TP = 

true positive. 

The cardiac catheterization results given above are essentially equivalent to the positive predictive value (PPV) of the new myocardial stress 

test for diagnosing flow-limiting coronary artery disease. PPV is defined as the percentage of individuals that actually have the disease out of all 

positive test results. Unlike sensitivity and specificity, positive and negative predictive values are not intrinsic characteristics of the test They 

are dependent on the prevalence of the disease in the tested population. In a patient population with low disease prevalence, the PPV is likely 

to be low due to a high number of false positives relative to true positives. In this example, outpatients are likely to have a lower prevalence of 

flow-limiting coronary artery disease than inpatients, as patients with more severe findings (eg, positive myocardial enzymes, ischemic changes on 

ECG) are n1ore likely to be admitted to the hospital. Therefore, a larger proportion of false positives (ie, patients with a positive stress test but 

without flow-limiting CAD} are expected in the outpatient group compared to the inpatient group. 

(Choice A) Blinding is helpful in reducing systemic biases (eg, placebo effects, observer bias) between study groups. In this case, physicians 

interpreting the catheterization results were properly blinded fron1 knowing inpatienVoutpatient status to prevent biased interpretations. 

(Choices B and D) Likelihood ratios are useful for determining how a positive or negative result influences a patient's chances of having the 

disease. A positive likelihood ratio >1 implies that a positive test result increases the patient's odds of having the disease. A negative likelihood 

ratio <1 implies that a negative test result decreases the patient's odds of having the disease_ Likelihood ratios are not affected by disease 

prevalence. 
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true positive. 

The cardiac catheterization results given above are essentially equivalent to the positive predictive value (PPV) of the new myocardial stress 

test for diagnosing flow-limiting coronary artery disease. PPV is defined as the percentage of individuals that actually have the disease out of all 

positive test results. Unlike sensitivity and specificity, positive and negative predictive values are not intrinsic characteristics of the test. They 

are dependent on the prevalence of the disease in the tested population. In a patient population with low disease prevalence, the PPV is likely 

to be low due to a high number of false positives relative to true positives. In this example, outpatients are likely to have a lower prevalence of 

flow-limiting coronary artery disease than inpatients, as patients with more severe findings (eg, positive myocardial enzymes, ischemic changes on 

ECG) are more likely to be admitted to the hospital. Therefore, a larger proportion of false positives (ie, patients with a positive stress test but 

without flow-limiting CAD) are expected in the outpatient group compared to the inpatient group. 

(Choice A) Blinding is helpful in reducing systemic biases (eg, placebo effects, obseNer bias) between study groups. In this case, physicians 

interpreting the catheterization results were properly blinded from knowing inpatient/outpatient status to prevent biased interpretations. 

(Choices B and D) Likelihood ratios are useful for determining hov, a positive or negative result influences a patient's chances of having the 

disease. A positive likelihood ratio >1 implies that a positive test result increases the patient's odds of having the disease. A negative likelihood 

ratio <1 implies that a negative test result decreases the patient's odds of having the disease. Likelihood ratios are not affected by disease 

prevalence. 

(Choice E) Sensitivity is the percentage of diseased individuals that are correctly identified as having the disease. Unlike PPV, sensitivity and 

specificity are intrinsic characteristics of a test and are not affected by disease prevalence. 

Educational objective: 

Positive and negative predictive values are used to describe the clinical usefulness of a respective positive or negative test result. However, they 

are not intrinsic characteristics of a test and can vary based on disease prevalence in the tested population. 

Foundations of Independent Practice 
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true positive. 
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Common performance measures for diagnostic tests 

Parameter Definition Calculation 

Sensitivity 
The probability of a diseased person testing Sensitivity= True positives 
positive I (True positives+ False negatives) 

The probability of a nondiseased person testing 
Specificity = 

Specificity True negatives I (True negatives + 
negative 

False positives) 

Positive The probabi lity that disease is present given a PPV = True positives / (True positives 
predictive value positive result + False positives) 

Negative The probability that disease is absent given a NPV = True negatives / (True 
predictive value negative result negatives + False negatives) 

Positive A ratio representing the likelihood of having the 
LR+= Sensitivity / (1 - Specificity) 

likelihood ratio disease given a positive result 

Negative A ratio representing the likelihood of having the LR-= (1 - Sensitivity) 
likelihood ratio disease given a negative result I Specificity 

I ~ 

~ Add To Flash Card 
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A large study surveyed 24-hour dietary fi ber intake in a nationally representative sample of the United States population. The investigators also 

collected anthropometric and laboratory data soon after survey completion. The following results were reported for prevalence of obesity, 

metabol ic syndrome, and elevated inflammatory markers per quintiles of daily dietary fiber intake. 

Which of the following is the best interpretation of the study results? 

Q A. Higher dietary fiber intake consistently causes a decrease in inflammatory biomarkers 

Q B. Higher dietary fiber intake is beneficial in obese patients with high inflammatory biomarkers 

Q C. Lower dietary fiber intake results in obesity and metabolic syndrome 

Q D. The relative risk of cardiac disease is lower with higher dietary fiber intake 

Q E. There is an association between higher dietary fiber and a lower prevalence of metabolic syndrome 

Submit 
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A large study surveyed 24-hour dietary fiber intake in a nationally representative sample of the United States population. The investigators also 

collected anthropometric and laboratory data soon after survey completion. The following results were reported for prevalence of obesity, 

metabol ic syndrome, and elevated inflammatory markers per quintiles of daily dietary fiber intake. 

Which of the following is the best interpretation of the study results? 

, A. Higher dietary fiber intake consistently causes a decrease in inflammatory biomarkers (4%,) 

B. Higher dietary fiber intake is beneficial in obese patients with high inflammatory biomarkers (1°/o) 

C. Lower dietary fiber intake results in obesity and metabolic syndrome (1%) 

D. The relative risk of cardiac disease is lower with higher dietary fiber intake (1%) 

E. There is an association between higher dietary fiber and a lower prevalence of metabolic syndrome (91 °/o) 

Omitted 
Correct answer 
E 

Explanation 

Iii. 91% 
I.!!!. Answered correctly 

,i\ 02 secs 
\..::J Time Spent • 

03/13/2020 
Last Updated 

The slope for the metabol ic syndrome curve is negative (downward curve}, so there is an association betvveen higher dietary fiber intake and 

decreased prevalence of metabolic syndrome_ The corresponding P value is <0.05, so the association is statistically significant A similar analysis 

can be conducted for the inflammatory markers and obesity curves. 

(Choices A and C) The prevalence of inflammatory markers decreases with increasing quintiles of dietary fiber intake, but this association does 

not mean that higher fiber intake causes this decrease. Similarly, lower fiber intake is associated with a higher prevalence of obesity and 
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A large study surveyed 24-hour dietary fiber intake in a nationally representative sample of the United States population. The investigators also 

collected anthropometric and laboratory data soon after survey completion. The following results were reported for prevalence of obesity, 

metabol ic syndrome, and elevated inflammatory markers per quintiles of daily dietary fiber intake. 

Q) 
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P for metabolic syndrome <0.01 

••• •• .. ... .. 
P for inflammation = 0.03 • • • • • - ••• . .............. .. 

··························· . .. - .. .. - - . . ............................. ..... : ....... .. 
P for obesity = 0.04 ........ , .• ~ .... ,::::A. -,·~·-···· ..... .. .. ·········· . . .. •• •• •• •• •• ... 

• -·-· Metabolic syndrome 

_....... Inflammation 

- Obesity 

O'-------'---------"'---------"---------'-------' 
Quintile 1: 
0.0-6.8g 

Quintile 2 
6.9-12.8g 

Quintile 3: 
12.9-22.Sg 

Quintile 4: 
22.9-26.19 

Quintile 5: 
26.2-2229 

© USMLEWorkt LLC Quintiles of dietary fiber intake 

Which of the following is the best interpretation of the study results? 
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C. 
"C 
Cl) 20 .... 
vi 
:, 

. ....... Metabolic syndrome ·-"C • ······ Inflammation CV 
C 
=> 10 Obesity 

O'-------'--------"'--------"---------'-------' 
Quintile 1 
0.0-6.8g 

Quintile 2 
6.9-12.8g 

Quintile 3 : 
12.9-22.Bg 

Quintile 4: 
22.9-26.1g 

© USMLEWorld, LLC Quintiles of dietary fiber intake 

Which of the following is the best interpretation of the study results? 

A. Higher dietary fiber intake consistently causes a decrease in inflammatory biomarkers (4%) 

8. Higher dietary fiber intake is beneficial in obese patients with high inflammatory biomarkers (1°/o) 

C. Lower dietary fiber intake results in obesity and metabolic syndrome (1%) 

D. The relative risk of cardiac disease is lower with higher dietary fiber intake (1o/o) 

Quintile 5: 
26.2-222g 

E. There is an association between higher dietary fiber and a lower prevalence of metabolic syndrome (91°/o) 

Omrtted 
Correct answer 
E 

11 .. 9 1 % 
Lill. Answered correctly 

(7\ 02 secs 
'\.::J Time Spent 

03/13/2020 
• Last Updated 
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Omitted 
Correct answer 
E 

Explanation 

111. 9 1 % 
l!!!. Answered correctly 

('j\ 02 secs 
\..::J Time Spenl 

F=! 03/13/2020 
13 Last Updated 

The slope for the metabolic syndrome curve is negative (downward curve), so there is an association betvveen higher dietary fiber intake and 

decreased prevalence of metabolic syndrome. The corresponding P value is <0.05, so the association is statistically significant. A similar analysis 

can be conducted for the inflammatory markers and obesity curves. 

(Choices A and C) The prevalence of inflammatory markers decreases with increasing quintiles of dietary fiber intake, but this association does 

not mean that higher fiber intake causes this decrease. Similarly, lower fiber intake is associated with a higher prevalence of obesity and 

metabolic syndrome, but this does not imply causation. 

(Choice B) AP value for the combined group is necessary to comment on patients w ith obesity and high inflammatory n1arkers. This study does 

not provide such information. 

(Choice D) The relative risk expresses the outcome in one group compared to another. The variables studied are potential risk factors for cardiac 

disease. However, no information is given regarding the relative risk of cardiac disease. 

Educational objective: 

Association does not imply causation. 
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Two independent research groups are studying the effect of a new anticoagulant on the incidence of deep-vein thrombosis after hip replacement 

surgery. The first group designs a 1: 1 randomized trial with 1000 patients comparing the new drug with the standard of care (500 patients in each 

group). The second group designs a similar randomized trial but intends to recruit 500 patients (250 patients in each group). Assuming similar 

populations for patient recruitment, the small study has a higher chance of which of the following? 

0 A. Early termination 

0 B. Outcome misclassification 

0 C. Selection bias 

0 D. Type I error 

0 E. Type II error 
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Two independent research groups are studying the effect of a new anticoagulant on the incidence of deep-vein thrombosis after hip replacement 

surgery. The first group designs a 1: 1 randomized trial with 1000 patients comparing the new drug with the standard of care (500 patients in each 

group). The second group designs a similar randomized trial but intends to recruit 500 patients (250 patients in each group}. Assuming similar 

populations for patient recruitment, the small study has a higher chance of which of the following? 

A. Early termination ( 1 o/o} 

B. Outcome misclassification ( 4%} 

C. Selection bias (7°/o} 

D. Type I error (30°/o} 

v · E. Type II error (56°/o} 

Omitted 
Correct answer 
E 

Explanation 

111. 56% 
l!l!. Answered correctly 

Reject null hypothesis 

Fail to reject null hypothesis 

(j"\ 02 secs 
\..::J Time Spent 

Null hypothesis (Ho) is true 

Type I error (false positive} 

Correct 

03/13/2020 
• Last Updated 

Null hypothesis {Ho} is false 

Correct 

Type II error (false negative} 
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Null hypothesis (Ho) is true Null hypothesis {Ho) is false 

Reject null hypothesis Type I error (false positive) Correct 

Fail to reject null hypothesis Correct Type II error (false negative) 

A type II error occurs when a study fails to reject a null hypothesis (Ho) that is false. The probability of a type II error (13) is related to how much 

power a study has to detect a difference v,hen a difference actually exists. Studies with a larger sample size have greater pov,er to detect 

differences. The forn1ula for power is: power= 1 - 13 (or, equivalently, j3 = 1 - pov,er), with 13 ranging from 0-1 . As power increases, 13 decreases; 

and as power decreases, 13 increases. For this example, the smaller study has less power than the larger study and so would be less likely to 

detect a difference between the groups, increasing the chance of a type II error. 

(Choice A) Early termination often occurs when a study shows an overwhelmingly positive or negative effect on a treatment group before the 

study's planned conclusion; negating the need for continuation. This can theoretically occur more often in larger studies as they have more power 

to detect differences than smaller studies. 

(Choice B) Outcome misclassification is an error that occurs in epidemiologic studies when the outcome of interest is misclassified. For example, 

in a study examining the effect of smoking on rates of stomach cancer, outcome misclassification would be present if researchers could not 

accurately ascertain whether participants actually have stomach cancer. This error is not influenced by sample size. 

(Choice C) Selection bias refers to the inappropriate selection or poor retention of study participants. As the populations in the 2 studies are 

similar, this would not be a likely source of bias in this example. 

(Choice D) Type I errors (false positives) occur when a study incorrectly rejects a null hypothesis that is true. The rate of type I errors is denoted 

by Cl and usually reflects the significance level of a test. A higher a increases the likelihood of a type I error and decreases the likelihood of a type 

II error. The main effect of a smaller sample size is to increase the probability of a type II error rather than a type I error. 

Educational objective: 

The failure to detect a difference between groups when it exists is referred to as type II error. The probabil ity of type II errors (13) is related to the 

power of a study (calculated as 1 - 13). Power is increased with larger sample sizes, so a smaller study would be less effective in detecting 

.. ·- -· - ·-· --·... .. . - .. ·- ... - .. ·- - . 
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A type II error occurs when a study fails to reject a null hypothesis (Ho) that is false. The probability of a type II error (13) is related to how much 

power a study has to detect a difference v,hen a difference actually exists. Studies with a larger sample size have greater power to detect 

differences. The formula for power is: power= 1 - 13 (or, equivalently, 13 = 1 - povver), with 13 ranging from 0-1 . As power increases, 13 decreases; 

and as power decreases, 13 increases. For this example, the smaller study has less power than the larger study and so would be less likely to 

detect a difference between the groups, increasing the chance of a type II error. 

(Choice A) Early termination often occurs when a study shows an overwhelmingly positive or negative effect on a treatment group before the 

study's planned conclusion; negating the need for continuation. This can theoretically occur more often in larger studies as they have more power 

to detect differences than smaller studies. 

(Choice B) Outcome misclassification is an error that occurs in epidemiologic studies when the outcome of interest is misclassified. For example, 

in a study examining the effect of smoking on rates of stomach cancer, outcome misclassification would be present if researchers could not 

accurately ascertain whether participants actually have stomach cancer. This error is not influenced by sample size. 

(Choice C) Selection bias refers to the inappropriate selection or poor retention of study participants. As the populations in the 2 studies are 

similar, this would not be a likely source of bias in this example. 

(Choice D) Type I errors (false positives) occur when a study incorrectly rejects a null hypothesis that is true. The rate of type I errors is denoted 

by c1 and usually reflects the significance level of a test. A higher a increases the likelihood of a type I error and decreases the likelihood of a type 

II error. The n1ain effect of a smaller sample size is to increase the probability of a type II error rather than a type I error. 

Educational objective: 

The failu re to detect a difference between groups when it exists is referred to as type II error. The probabil ity of type II errors (13) is related to the 

power of a study (calculated as 1 - 13). Power is increased with larger sample sizes, so a smaller study would be less effective in detecting 

differences between groups, increasing the chance of a type II error. 
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A type II error occurs when a study fails to reject a null hypothesis (Ho) that is false. The probability of a type II error (13) is related to how much 

power a study has to dete t d ff h d ff ct II · t St d. ·th I I h t t d t t • • • • 
differences. The formula 
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A type II error occurs when a study fails to reject a null hypothesis (Ho) that is false. The probability of a type II error (13) is related to how much 

power a study has to dete t d ff h d ff ct II · t St d. ·th I I h t t d t t • • • • 
differences. The formula 

and as power decreases, 
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A study compares the detection of colon polyps in 50 subjects by using both CT colonography and conventional colonoscopy (gold standard). As 

a part of the study, 2 independent radiologists assess the CT images to d iagnose polyps. Each radiologist is blinded to the other radiologist's 

reading. The kappa statistic for these raters is 0.73. Which of the following does the kappa statistic best describe? 

0 A. Povver 

0 B. Reliability 

0 C. Specificity 

0 D. Statistical significance 

0 E. Validity 
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A study compares the detection of colon polyps in 50 subjects by using both CT colonography and conventional colonoscopy (gold standard). As 

a part of the study, 2 independent radiologists assess the CT images to d iagnose polyps. Each radiologist is blinded to the other radiologist's 

reading. The kappa statistic for these raters is 0.73. Which of the following does the kappa statistic best describe? 

A. Povver ( 4 % ) 

B. Reliability (70%) 

C. Specificity (2%) 

D. Statistical significance (5o/o) 

E. Validity (1 7%) 

Omrtted 
Correct answer 
B 

Explanation 

11 .. 70% 
l!!!. Answered correcUy 

(T\ 02 secs 
\.::,I Time Spenl • 

02/16/2020 
Last Updated 

When the 2 rad iologists review the CT images, their interpretations of the findings n1ay agree or disagree due to chance alone. The kappa 

statistic is a quantitative measure of inter-rater reliability (sometimes referred to as inter-rater concordance). It reflects the extent to which inter

rater agreement represents an improvement on chance agreement alone. Kappa values range from -1 (perfect disagreement) to +1 (perfect 

agreement), v,ith kappa = 0 suggesting agreement due to chance, kappa <O suggesting less than chance agreement (possibly intentional 

disagreement), and kappa >O suggesting greater than chance agreement. The following (arbitrary) cutoffs are often used for kappa: 0-0.20 

represents negligible improvement over chance agreement, 0.21-0.40 is minimal, 0.41-0.60 is fair, 0.61-0.80 is good, and >0.80 is excellent. 

The other answer options relate to diagnostic test characteristics and statistical significance. 
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When the 2 radiologists review the CT images, their interpretations of the find ings may agree or disagree due to chance alone. The kappa 

statistic is a quantitative measure of inter-rater reliability (sometimes referred to as inter-rater concordance). It reflects the extent to which inter

rater agreement represents an improvement on chance agreement alone. Kappa values range from -1 (perfect disagreement) to +1 (perfect 

agreement), with kappa = 0 suggesting agreement due to chance, kappa <O suggesting less than chance agreement (possibly intentional 

disagreement), and kappa >O suggesting greater than chance agreement. The following (arbitrary) cutoffs are often used for kappa: 0-0.20 

represents negligible improvement over chance agreement, 0.21-0.40 is minimal, 0.41-0.60 is fair, 0.61-0.80 is good, and >0.80 is excellent. 

The other answer options relate to diagnostic test characteristics and statistical significance. 

(Choice A) The pov,er of a diagnostic test is its ability to detect a difference when one actually exists. Power is given by (1-13), v1here 13 is the 

probability of making a type II error (failure to reject a null hypothesis when it is false). 

(Choice C) The specificity of a test is the proportion of results that are negative when no disease is present. In tests with high specificity, a 

positive result suggests that disease is actually present (few false positives). 

(Choice D) The level of statistical significance is denoted by ct, which is usually set at 0.05. An a = 0.05 means that investigators are will ing to 

accept a 5% chance that the null hypothesis is being rejected incorrectly (type I error). If the p-value of a n1easurement is <a, then the 

measurement is considered statistically significant and the null hypothesis is rejected. 

(Choice E) Tests with high validity (accuracy) provide correct results on average. Tests with high reliability provide consistent results (even 

though they may not be correct). Tests with high validity and reliability consistently provide correct results. 

Educational objective : 

The kappa statistic represents the extent to which inter-rater agreement is an improvement on chance agreement alone. It is a quantitative 

measure of inter-rater reliability. 

References 

• Understanding interobserver agreement: the kappa statistic. 

Foundations of Independent Practice Biostatistics & Epidemiology Validity And Reliability 
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Title: Glutamine and antioxidants in critically ill patients 

Hypothesis: Critically ill patients have considerable oxidative stress. Do glutamine and 
antioxidant supplementation offer therapeutic benefit in critically ill patients? 

Methods: 

Design: Randomized clin ical trial. 

Blinding: Double-bl ind placebo controlled. 

Setting: tvlulticenter, 40 intensive care units (ICU) in Canada, the United States, and 
Europe. 

Follow-up: 6 months. 

Patients: Critically ill adults who had multiorgan failure and were receiving mechanical 
ventilation. 

Jnte,vention: Glutamine, antioxidants, both, or placebo. 

Outcome measures: Mortality (primary outcome), time to discontinuation of mechanical 
ventilation and alive, time to discharge from ICU and alive, time to discharge from 
hospital and alive, ICU length of stay, hospital length of stay. 

Results: A total of 1223 critically ill patients undeiwent randomization. The following 
outcomes are reported for all patients: 

Variable 

Death - no. 
of 
patients/total 
no. (0/o) 

Glutamine 
No 

glutamine 
P

value 
Antioxidants 

No 
antioxidants 

P
value 

The abstract shown on the left applies to the next 2 items 

A 56-year-old man is hospitalized in the intensive care unit due to community-acquired 

pneumonia with resultant multiorgan failure. His trachea is intubated and mechanical 

ventilation is initiated. His family \•I/ants to "do everything possible" to make him better 

and save his life. 

Item 1 of 2 

Based on the study results, which of the following is the best statement concerning the 

use of glutamine and antioxidants in this patient? 

Q A. It does not appear to be safe to use antioxidants in critically ill patients 

Q B. Mortality benefit should be balanced against longer hospital stay and 

associated costs 

Q C. Oxidative stress may not play an important role in critical illness 

Q D. There could be a marginal mortality benefit that is not cl inically significant 

Q E. Use of glutamine may be associated with harm 
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In hospital 
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At 6 months 
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The abstract shown on the left applies to the next 2 items 

A 56-year-old man is hospitalized in the intensive care unit due to community-acquired 

pneumonia with resultant multiorgan failure. His trachea is intubated and mechanical 

ventilation is initiated. His family \•I/ants to "do everything possible" to make him better 

and save his life. 

Item 1 of 2 

Based on the study results, which of the following is the best statement concerning the 

use of glutamine and antioxidants in this patient? 

Q A. 

0 B. 

0 C. 

0 D. 

0 E. 

Submit 

It does not appear to be safe to use antioxidants in critically ill patients 

Mortality benefit should be balanced against longer hospital stay and 

associated costs 

Oxidative stress may not play an important role in critical illness 

There could be a marginal mortality benefit that is not cl inically significant 

Use of glutamine may be associated with harm 
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The abstract shown on the left applies to the next 2 items 

A 56-year-old man is hospitalized in the intensive care unit due to community-acquired 

pneumonia with resultant multiorgan failure. His trachea is intubated and mechanical 

ventilation is initiated. His family \•I/ants to "do everything possible" to make him better 

and save his life. 

Item 1 of 2 

Based on the study results, which of the following is the best statement concerning the 

use of glutamine and antioxidants in this patient? 

Q A. 

0 B. 

0 C. 

0 D. 

0 E. 
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It does not appear to be safe to use antioxidants in critically ill patients 

Mortality benefit should be balanced against longer hospital stay and 

associated costs 

Oxidative stress may not play an important role in critical illness 

There could be a marginal mortality benefit that is not cl inically significant 

Use of glutamine may be associated with harm 
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The abstract shown on the left applies to the next 2 items 

A 56-year-old man is hospitalized in the intensive care unit due to community-acquired 

pneumonia with resultant multiorgan fail ure. His trachea is intubated and mechanical 

ventilation is initiated. His family \•I/ants to "do everything possible" to make him better 

and save his life. 

Item 1 of 2 

Based on the study results, which of the following is the best statement concerning the 

use of glutamine and antioxidants in this patient? 

Q A. It does not appear to be safe to use antioxidants in critically ill patients 

Q B. Mortality benefit should be balanced against longer hospital stay and 

associated costs 

Q C. Oxidative stress may not play an important role in critical illness 

Q D. There could be a marginal mortality benefit that is not cl inically significant 

Q E. Use of glutamine may be associated with harm 
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The abstract shown on the left applies to the next 2 items 

A 56-year-old man is hospitalized in the intensive care unit due to community-acquired 

pneumonia with resultant multiorgan fail ure. His trachea is intubated and mechanical 

ventilation is initiated. His family \•I/ants to "do everything possible" to make him better 

and save his life. 

Item 1 of 2 

Based on the study results, which of the following is the best statement concerning the 

use of glutamine and antioxidants in this patient? 

Q A. 

0 B. 

0 C. 

0 D. 

0 E. 

Submit 

It does not appear to be safe to use antioxidants in critically ill patients 

Mortality benefit should be balanced against longer hospital stay and 

associated costs 

Oxidative stress may not play an important role in critical illness 

There could be a marginal mortality benefit that is not cl inically significant 

Use of glutamine may be associated with harm 
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Title: Glutamine and antioxidants in critically ill patients 

Hypothesis: Critically ill patients have considerable oxidative stress. Do glutamine and 
antioxidant supplementation offer therapeutic benefit in critically ill patients? 

Methods: 

Design: Randomized clin ical trial. 

Blinding: Double-bl ind placebo controlled. 

Setting: tvlulticenter, 40 intensive care units (ICU) in Canada, the United States, and 
Europe. 

Follow-up: 6 months. 

Patients: Critically ill adults who had multiorgan failure and were receiving mechanical 
ventilation. 

Jnte,vention: Glutamine, antioxidants, both, or placebo. 

Outcome measures: Mortality (primary outcome), time to discontinuation of mechanical 
ventilation and alive, time to discharge from ICU and alive, time to discharge from 
hospital and alive, ICU length of stay, hospital length of stay. 

Results: A total of 1223 critically ill patients undeiwent randomization. The following 
outcomes are reported for all patients: 

Variable 

Death-no. 
of 
patients/total 
no. (0/o) 

Glutamine 
No 

glutamine 
P

value 
Antioxidants 

No 
antioxidants 

P
value 

The abstract shown on the left applies to the next 2 items 

A 56-year-old man is hospitalized in the intensive care unit due to community-acquired 

pneumonia with resultant multiorgan failure. His trachea is intubated and mechanical 

ventilation is initiated. His family \•I/ants to "do everything possible" to make him better 

and save his life. 

Item 1 of 2 

Based on the study results, which of the following is the best statement concerning the 

use of glutamine and antioxidants in this patient? 

../ 

A. It does not appear to be safe to use antioxidants in critically ill patients 

(6%) 

B. Mortality benefit should be balanced against longer hospital stay and 

associated costs ( 4o/o) 

C. Oxidative stress may not play an important role in critical illness (8%) 

D. There could be a marginal mortality benefit that is not cl inically 

significant (25%) 

E. Use of glutamine may be associated with harm (55°/o) 

Omrtted 
Correct answer 

E 

11,. 55% IC\ 47 secs 
l!!!. Answered correctly \.::J Time Spenl 

04/18/2020 
• last Updated 
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Title: Glutamine and antioxidants in critically ill patients 

Hypothesis: Critically ill patients have considerable oxidative stress. Do glutamine and 
antioxidant supplementation offer therapeutic benefit in critically ill patients? 

Methods: 

Design: Randomized clinical trial. 

Blinding: Double-bl ind placebo controlled. 

Setting: tvlulticenter, 40 intensive care units (ICU) in Canada, the United States, and 
Europe. 

Follow-up: 6 months. 

Patients: Critically ill adults who had multiorgan failure and were receiving mechanical 
ventilation. 

Jnte,vention: Glutamine, antioxidants, both, or placebo. 

Outcome measures: Mortality (primary outcome), time to discontinuation of mechanical 
ventilation and alive, time to discharge from ICU and alive, time to discharge from 
hospital and alive, ICU length of stay, hospital length of stay. 

Results: A total of 1223 critically ill patients undeiwent randomization. The following 
outcomes are reported for all patients: 

Variable 

Death-no. 
of 
patients/total 
no. (0/o) 

Glutamine 
No 

glutamine 
P

value 
Antioxidants 

No 
antioxidants 

P
value 

Compared to the no glutamine group, there was a statistically significant increase in 

mortality with glutamine supplementation at day 28 (32.4% versus 27.2o/o) and after 6 

months (42.3% versus 35.9%) as the p-values were <0.05. Even at day 14, the 

increased mortality seen in the glutamine supplementation group had a p-value of 

0.07, which is approaching significance. All this suggests that glutamine 

supplementation may be harmful. 

(Choice A) Although the risk of mortality was slightly higher in the antioxidant group, 

none of the differences were statistically significant (p-values were all >0.05), making it 

inappropriate to draw conclusions about the risk for harn1. 

(Choice B) The reductions in length of stay in the supplemented groups (16.0 versus 

17.1 days and 16.9 versus 16.6 days) were not statistically significant (p-values >O 05) 

and, especially in the case of glutamine, seemed to be far outweighed by the risk of 

increased mortality. 

(Choice C) This study did not address the question of v,hether oxidative stress plays 

a role in critical illness, only whether supplementation with antioxidants or glutamine 

offers therapeutic benefit to critically ill patients. 

(Choice D) At no point was a mortality benefit seen in either treatment group; 

therefore, a clinically nonsignificant mortality benefit is unlikely. 

Educational objective: 

P-values <0.05 suggest statistical significance. 

Foundations of Independent Practice 
Subject 

P-value and confidence interval 

Biostatistics & Epidemiology 
System 
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Title: Glutamine and antioxidants in critically ill patients 

Hypothesis: Critically ill patients have considerable oxidative stress. Do glutamine and 
antioxidant supplementation offer therapeutic benefit in critically ill patients? 

Methods: 

Design: Randomized clin ical trial. 

Blinding: Double-bl ind placebo controlled. 

Setting: tvlulticenter, 40 intensive care units (ICU) in Canada, the United States, and 
Europe. 

Follow-up: 6 months. 

Patients: Critically ill adults who had multiorgan failure and were receiving mechanical 
ventilation. 

Jnte,vention: Glutamine, antioxidants, both, or placebo. 

Outcome measures: Mortality (primary outcome), time to discontinuation of mechanical 
ventilation and alive, time to discharge from ICU and alive, time to discharge from 
hospital and alive, ICU length of stay, hospital length of stay. 

Results: A total of 1223 critically ill patients undeiwent randomization. The following 
outcomes are reported for all patients: 

Variable 

Death - no. 
of 
patients/total 
no. (0/o) 

Glutamine 
No 

glutamine 
P

value 
Antioxidants 

No 
antioxidants 

P
value 

Item 2 of 2 

The study randomized patients to glutamine, antioxidants, both, or placebo. Which of the 

follo\"ling best describes the study design? 

0 A. Crossover 

0 B. Cross-sectional 

0 C. Factorial 

0 D. Nested 

0 E. Pragmatic 
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Title: Glutamine and antioxidants in critically ill patients 

Hypothesis: Critically ill patients have considerable oxidative stress. Do glutamine and 
antioxidant supplementation offer therapeutic benefit in critically ill patients? 

Methods: 

Design: Randomized clinical trial. 

Blinding: Double-blind placebo controlled. 

Setting: tvlulticenter, 40 intensive care units (ICU) in Canada, the United States, and 
Europe. 

Follow-up: 6 months. 

Patients: Critically ill adults who had multiorgan failure and were receiving mechanical 
ventilation. 

Jnte,vention: Glutamine, antioxidants, both, or placebo. 

Outcome measures: Mortality (primary outcome), time to discontinuation of mechanical 
ventilation and alive, time to discharge from ICU and alive, time to discharge from 
hospital and alive, ICU length of stay, hospital length of stay. 

Results: A total of 1223 critically ill patients undeiwent randomization. The following 
outcomes are reported for all patients: 

Variable 

Death-no. 
of 
patients/total 
no. (0/o) 

Glutamine 
No 

glutamine 
P

value 
Antioxidants 

No 
antioxidants 

P
value 

Item 2 of 2 

The study randomized patients to glutamine, antioxidants, both, or placebo. Which of 

the following best describes the study design? 

A. Crossover ( 15%,) 

B. Cross-sectional (23°/o) 

C. Factorial (39o/o) 

D. Nested (13%) 

E. Pragmatic (7%,) 

Omitted 
Correct answer 
C 

I h. 39% fl°\ 02 secs 
l!!!. Answered correctly \.::J nme Spenl 

Explanation 

F=-J 04/18/2020 
El last Updated 

A factorial study design ( or fully crossed design) is a type of experimental study 

design that utilizes >2 interventions and all combinations of these interventions. In 

this study, there were 2 main interventions (antioxidant or glutamine supplementation) 

resulting in 4 possible study arms: glutamine supplementation, antioxidant 

supplementation, both, and neither (ie, placebo). 

Although the authors randomized patients to these 4 arn1s, the results in the table 
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Title: Glutamine and antioxidants in critically ill patients 

Hypothesis: Critically ill patients have considerable oxidative stress. Do glutamine and 
antioxidant supplementation offer therapeutic benefit in critically ill patients? 

Methods: 

Design: Randomized clinical trial. 

Blinding: Double-bl ind placebo controlled. 

Setting: tvlulticenter, 40 intensive care units (ICU) in Canada, the United States, and 
Europe. 

Follow-up: 6 months. 

Patients: Critically ill adults who had multiorgan failure and were receiving mechanical 
ventilation. 

Jnte,vention: Glutamine, antioxidants, both, or placebo. 

Outcome measures: Mortality (primary outcome), time to discontinuation of mechanical 
ventilation and alive, time to discharge from ICU and alive, time to discharge from 
hospital and alive, ICU length of stay, hospital length of stay. 

Results: A total of 1223 critically ill patients undeiwent randomization. The following 
outcomes are reported for all patients: 

Variable 

Death-no. 
of 
patients/total 
no. (0/o) 

Glutamine 
No 

glutamine 
P

value 
Antioxidants 

No 
antioxidants 

P
value 

A factorial study design (or fully crossed design) is a type of experimental study 

design that utilizes >2 interventions and all combinations of these interventions. In 

this study, there were 2 main interventions (antioxidant or glutamine supplementation) 

resulting in 4 possible study arms: glutamine supplementation, antioxidant 

supplementation, both, and neither (ie, placebo). 

Although the authors randomized patients to these 4 arms, the results in the table 

provided are based on exposure or lack thereof to glutamine/antioxidant. 

(Choice A) A crossover study is a type of experimental study design in which 

subjects are exposed to different treatments or exposures sequentially. The subjects 

cross over from one study arm to another and serve as their own controls. 

(Choice B) A cross-sectional study is generally a type of observational study in which 

a specific population or group is studied at one specific point in time, therefore 

providing a cross section of the group at that particular time point. Unlike crossover or 

factorial studies, this is not experimental in nature. 

(Choice D) A nested study (or nested case-control study) is a form of retrospective 

observational study in vvhich subsets of controls are matched to cases and analyzed 

for the variables of interest. 

(Choice E) A pragmatic study seeks to determine whether an intervention works in 

real-life conditions. This is contrasted with an explanatory study, which seeks to 

address whether an intervention works in optimal conditions and how/why it does or 

does not work. In general, randomized trials are considered explanatory, as 

randomization and other methods to control for confounders are not performed in the 

real world. 

Educational objective: 
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Title: Glutamine and antioxidants in critically ill patients 

Hypothesis: Critically ill patients have considerable oxidative stress. Do glutamine and 
antioxidant supplementation offer therapeutic benefit in critically ill patients? 

Methods: 

Design: Randomized clinical trial. 

Blinding: Double-bl ind placebo controlled. 

Setting: tvlulticenter, 40 intensive care units (ICU) in Canada, the United States, and 
Europe. 

Follow-up: 6 months. 

Patients: Critically ill adults who had multiorgan failure and were receiving mechanical 
ventilation. 

Jnte,vention: Glutamine, antioxidants, both, or placebo. 

Outcome measures: Mortality (primary outcome), time to discontinuation of mechanical 
ventilation and alive, time to discharge from ICU and alive, time to discharge from 
hospital and alive, ICU length of stay, hospital length of stay. 

Results: A total of 1223 critically ill patients undeiwent randomization. The following 
outcomes are reported for all patients: 

Variable 

Death-no. 
of 
patients/total 
no. (0/o) 

Glutamine 
No 

glutamine 
P

value 
Antioxidants 

No 
antioxidants 

P
value 

----- - --- -- · - - - -- - - --- ---- -

subjects are exposed to different treatments or exposures sequentially. The subjects 

cross over from one study arm to another and serve as their ovtn controls. 

(Choice B) A cross-sectional study is generally a type of observational study in which 

a specific population or group is studied at one specific point in time, therefore 

providing a cross section of the group at that particular time point. Unlike crossover or 

factorial studies, this is not experin1ental in nature. 

(Choice D) A nested study (or nested case-control study) is a form of retrospective 

observational study in which subsets of controls are matched to cases and analyzed 

for the variables of interest. 

(Choice E) A pragmatic study seeks to determine vthether an intervention works in 

real-life conditions. This is contrasted with an explanatory study, which seeks to 

address whether an intervention works in optimal conditions and how/why it does or 

does not work. In general, randomized trials are considered explanatory, as 

randomization and other methods to control for confounders are not performed in the 

real world. 

Educational objective: 

A factorial study design (or fully crossed design) is a type of experimental study design 

that utilizes > 2 interventions and all combinations of these interventions. 

Foundations of Independent Practice 
Subjecl 

Study designs 
Topic 

Cq7frigl1 @ UWorkl 

Biostatistics & Epidemiology 
System 
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A 46-year-old man comes to the office due to loose teeth and inflammation in his gums. After periodontal evaluation, the diagnosis of localized 

aggressive chronic periodontitis (CP) is suspected. Laboratory results, including C-reactive protein (CRP) results, are pending. Results from a 

recent cross-sectional study evaluating serum CRP levels in 100 subjects •..vith aggressive CP has found that the mean CRP concentration among 

these subjects is 6 mg/dl ± 1 mg/dL If the population has a normal distribution, what is the probability that this patient has a CRP ~9 mg/dl ? 

0 A. 0.0015 

0 8_ 0.003 

0 C. 0.025 

0 D. 0.05 

0 E. 0.16 
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A 46-year-old man comes to the office due to loose teeth and inflammation in his gums. After periodontal evaluation, the diagnosis of localized 

aggressive chronic periodontitis (CP) is suspected. Laboratory results, including C-reactive protein (CRP) results, are pending. Results from a 

recent cross-sectional study evaluating serum CRP levels in 100 subjects •..vith aggressive CP has found that the mean CRP concentration among 

these subjects is 6 mg/dl ± 1 mg/dL If the population has a normal distribution, what is the probability that this patient has a CRP ~9 mg/dl ? 

A. 0.0015 (30°/o) 

B. 0.003 (22%) 

C. 0.025 (250fc,) 

D. 0.05 (14%) 

E. 0.16 (5%) 

Omitted 
Correct answer 
A 

Explanation 

111. 30% 
l!l!. Answered correctly 

(j"\ 02 secs 
\..::J Time Spent 

68-95-99.7 rule 

03/22/2020 
• Last Updated 
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68-95-99.7 rule 

I 

1+-- 2.5%, ----/•------95% of data --------1,\.-<1,---- 2.5°/o ---

.,_,.ii---------- 99. 7% 'of data --------'------+~ 
I 

2.35% 13.5% 34% 34% 13.5% 2.35% 

-4 -3 -2 -1 0 1 2 3 4 

Standard deviation 

© UWortd 

A normal distribution refers to a symmetrical , bell-shaped distribution pattern with a fixed proportion of observations lying within a certain 

distance of the mean. 68°/o of all observations lie within 1 standard deviation (SD) of the mean, with half of those above and half belov, the 

mean. The remaining 32% (100o/o - 68% = 32%) lie outside 1 SD from the mean, v,ith half (ie, 16%) above and half (ie, 16%) below 1 SD from the 

mean. Similarly, 95% of all observations lie within 2 SDs of the mean (with 5% outside 2 SDs from the mean), and 99.7%, of all observations lie 
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Standard deviation 

© UWortd 

A normal distribution refers to a symmetrical, bell-shaped distribution pattern with a fixed proportion of observations lying within a certain 

distance of the mean. 68°/o of all observations lie within 1 standard deviation (SD) of the n1ean, with half of those above and half below the 

mean. The remaining 32% (100o/o - 68% = 32%) lie outside 1 SD from the mean, with half (ie, 16%) above and half (ie, 16%) below 1 SD from the 

mean. Similarly, 95% of all observations lie within 2 SDs of the mean (with 5% outside 2 SDs from the mean), and 99.7% of all observations lie 

w ithin 3 SDs of the mean (with 0.3% outside 3 SDs from the mean). This is commonly known as the "68-95-99.7 rule." 

Based on the study results, serum levels of C-reactive protein (CRP) among subjects with localized aggressive chronic periodontitis are normally 

distributed with a mean of 6 and a SD of 1 mg/dl. Therefore: 

, 68°/o of CRP values lie w ithin 1 SD: 6 mg/dl ± 1 mg/dl = 5-7 mg/dl, with 100% - 68% = 32°/o (or 0.32) lying outside 1 SD. Therefore, 

(32°/o)/2 = 16°/o (or 0.16) vtill be S:5 mg/dl and 16% (or 0.16) will be "27 mg/dl {Choice E). 

, 95°/o of CRP values lie w ithin 2 SDs 6 mgl dl ± 2 mg/dl = 4-8 mg/dl , with 100°/o - 95°/o = 5°/o (or 0.05) lying outside 2 SDs {Choice D). 

Therefore, (5%/2) = 2.5% (or 0.025) will be S:4 mg/dl and 2.5% (or 0.025) will be "28 mg/dl {Choice C). 

, 99.7% of CRP values lie within 3 SDs: 6 mg/dl ± 3 mg/dl = 3-9 mg/dl , with 100% - 99.7% = 0.3% (or 0.003) lying outside 3 SDs {Choice 

B). Therefore, (0.3%/2) = 0.15% (or 0.0015) vtill be S:3 mg/dl and 0.1 5% (0.0015) will be "29 mg/dl. 

For this patient, because the cutoff point of "29 mg/L lies 3 SDs above the mean, the probability of CRP "29 mg/dl is 0.15°/o = 0.0015. 

Educational objective: 

In a normal distribution, 68% of all values are within 1 standard deviation (SD) from the mean; 95% of all values are within 2 SDs fron1 the mean; 

and 99. 7% of all values are vvithin 3 SDs from the mean. 

Foundations of Independent Practice 

Subjecl 

Biostatistics & Epidemiology 

System 

ng I ® u'l\'orld A Is 

Normal distribution 

Topic 
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A large longitudinal study examined the association between obesity (defined as BMI >30 kg/m2) and risk of ischemic stroke in a cohort of 

patients. After assessing participant baseline characteristics, researchers followed 2,300 patients for a mean of 2. 7 years and determined the 

incidence of major cardiovascular events. Within the entire cohort, the crude relative risk (RR) of ischemic stroke was 2.4 in obese patients as 

compared to nonobese patients, with a 95°/o confidence interval (Cl) of 1.8-2.6. When the cohort patients were divided into those with diabetes 

mellitus and those without, among patients with diabetes, the RR of ischemic stroke was 1.1 in obese as compared to nonobese patients (Cl , 0.9-

1 6) whereas among patients without diabetes, the RR was 1.0 (Cl, 0. 7-1.5). Which of the following is the best interpretation of this study's 

findings? 

Q A. Diabetes confounds the association betv,een stroke and obesity. 

Q B. Obesity increases the risk of stroke in patients with diabetes only. 

Q C. Obesity independently increases the risk of stroke in the study population. 

Q D. Obesity is confounding the association between stroke and diabetes. 

Q E. The same relative rate of stroke is seen in obese and nonobese patients. 
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A large longitudinal study examined the association between obesity (defined as BMI >30 kg/m2) and risk of ischemic stroke in a cohort of 

patients. After assessing participant baseline characteristics, researchers followed 2,300 patients for a mean of 2. 7 years and determined the 

incidence of major cardiovascular events. Within the entire cohort, the crude relative risk (RR) of ischemic stroke was 2.4 in obese patients as 

compared to nonobese patients, with a 95°/o confidence interval (Cl) of 1.8-2.6. When the cohort patients were divided into those with diabetes 

mellitus and those without, among patients with diabetes, the RR of ischemic stroke was 1.1 in obese as compared to nonobese patients (Cl , 0.9-

1 6) whereas among patients without diabetes, the RR was 1.0 (Cl, 0. 7-1.5). Which of the following is the best interpretation of this study's 

findings? 

A. Diabetes confounds the association betv,een stroke and obesity. ( 48°/o) 

8. Obesity increases the risk of stroke in patients with diabetes only. (2%) 

C. Obesity independently increases the risk of stroke in the study population. (35o/o) 

D. Obesity is confounding the association between stroke and diabetes. (9"/c,) 

E. The same relative rate of stroke is seen in obese and nonobese patients. (3%) 

Omitted 
Correct ~nswer 
A 

Explanation 

11 .. 48% 
l!!!. Answered correcUy 

('j'\ 02 secs 
\.::J Time Spent 

02/22/2020 
• Last Updated 

Confounding bias results when an exposure-disease relationship is obscured by the effect of an extraneous factor associated with both the 

exposure and the disease. In this case, diabetes (confounder) is associated with both obesity (exposure) and stroke (disease). \,Vhen a crude 

analysis is performed (without taking diabetes into account), there appears to be a significantly increased risk of stroke in obese individuals as 
. -- ~ ~ . -
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Explanation 

Confounding bias results vthen an exposure-disease relationship is obscured by the effect of an extraneous factor associated with both the 

exposure and the disease. In this case, diabetes (confounder) is associated v1ith both obesity (exposure) and stroke (disease). \IVhen a crude 

analysis is performed (without taking diabetes into account), there appears to be a significantly increased risk of stroke in obese individuals as 

compared to nonobese individuals in the cohort, as reflected by a crude relative risk (RR) of 2.4 with a 95o/o confidence interval (Cl) that does not 

include the null value (1 .0 for RRs). However, when the analysis is stratified by diabetes status, there is no statistically significant association as 

both 95% Cls cross 1.0, as expected in the presence of a confounding variable. Therefore, the crude RR >1 was due to confounding by diabetes. 

If there is a confounding variable and the analysis is stratified by this variable, there typically will be no significant difference in risk between the 

groups because the confound ing effects have been removed. Confound ing threatens the internal validity of a study. 

The RRs reported are for stroke among obese compared to nonobese individuals, not for stroke among patients with diabetes compared to those 

without diabetes. These results do not imply that diabetes is not associated with ischemic stroke. Rather, they reflect that: 

, Among cohort patients with diabetes, no difference v1as seen between obese and non obese patients in terms of risk of stroke 

, Among cohort patients without diabetes, no difference was seen between obese and nonobese patients in tern1s of risk of stroke 

The corresponding RRs v1ere -1.0. Therefore, obesity does not independently increase the risk of stroke (Choice C). There may be a difference 

in the overall risk of stroke between the cohort patients with diabetes and those without diabetes; hov,ever, the RRs reported specifically compare 

obese to nonobese patients within those 2 groups. 

(Choice B) In patients with diabetes, the RR of stroke in obese compared to nonobese individuals is 1.1, but the 95°/o CJ includes 1.0. This 

means that the RR is not statistically sign ificant. 

(Choice D) The stratification in this analysis is based on diabetes, not obesity. Diabetes is the confounding variable. 

(Choice E) Relative rates (as opposed to relative risks) involve incidence rates at a given point in time and are based on person-time calculations 

that are not given in this question. 

Educational objective: 

Confounding bias results when an exposure-d isease relationship is obscured by the effect of an extraneous factor that is associated with both the 

exposure and the disease. If there is a confounding variable and the analysis is stratified by this variable, there will be no significant difference in 
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The RRs reported are for stroke among obese compared to nonobese individuals, not for stroke among patients v1ith diabetes compared to those 

v1ithout diabetes. These results do not imply that diabetes is not associated with ischemic stroke. Rather, they reflect that: 

• Among cohort patients with diabetes, no difference was seen between obese and non obese patients in terms of risk of stroke 

• Among cohort patients without diabetes, no difference was seen between obese and nonobese patients in terms of risk of stroke 

The corresponding RRs v,ere - 1.0. Therefore, obesity does not independently increase the risk of stroke (Choice C). There may be a difference 

in the overall risk of stroke betvveen the cohort patients with diabetes and those without diabetes; however, the RRs reported specifically compare 

obese to nonobese patients within those 2 groups. 

(Choice B) In patients with diabetes, the RR of stroke in obese compared to nonobese individuals is 1.1, but the 95°/o Cl includes 1.0. This 

means that the RR is not statistically significant. 

(Choice D) The stratification in this analysis is based on diabetes, not obesity. Diabetes is the confounding variable. 

(Choice E) Relative rates (as opposed to relative risks) involve incidence rates at a given point in time and are based on person-time calculations 

that are not given in this question. 

Educational objective: 

Confounding bias results when an exposure-d isease relationship is obscured by the effect of an extraneous factor that is associated with both the 

exposure and the disease. If there is a confounding variable and the analysis is stratified by this variable, there \viii be no significant difference in 

risk between the groups because the confounding effects have been removed. 

References 

• Causation, bias and confounding: a hitchhikers guide to the epidemiological galaxy Part 2. Principles of causality in epidemiological research: 

confounding, effect modification and strength of association. 
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A study examined the role of biomarkers in diagnosing hypertrophic cardiomyopathy (HCM). The study population included patients without HCM, 

patients with borderl ine HCM, and patients with definite HCM. The following echocardiography measurements of the mean left ventricular wall 

thickness were reported: 

Normal Borderline Definite 
Test 

Mean left ventricular screening hypertrophic hypertrophic 
statistic P-value 

wall thickness (mm) echo cardiomyopathy cardiomyopathy 
(F) 

(n = 52) (n = 23) (n = 18) 

Anteroseptal ·wall 9.86 14.13 16.38 92.19 <O 0001 

Posteroseptal wall 10.21 13.84 16.20 55.20 <O 0001 

Anterolateral \vall 9.91 11.01 11.89 23.29 <O 0001 

Posterior wall 8.87 10.20 11.42 31.08 <O 0001 

Assuming homoscedasticity and normality, vvhich of the following tests was used to compare measurements? 

Q A. Analysis of variance 

0 B. Fisher's exact test 

0 C. McNemar test 

0 D. Paired I-test 

0 E. Pearson chi-square 
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A study examined the role of biomarkers in diagnosing hypertrophic cardiomyopathy (HCM). The study population included patients v1ithout HCll/1, 

patients with borderline HCM, and patients with definite HCM. The following echocardiography measurements of the mean left ventricular wall 

thickness were reported: 

Normal Borderline Definite 
Test 

Mean left ventricular screening hypertrophic hypertrophic 
statistic P-value 

wall thickness (mm) echo cardiomyopathy cardiomyopathy 
(F) 

(n = 52) (n = 23) (n = 18) 

Anteroseptal v1all 9.86 14.1 3 16.38 92.19 <O 0001 

Posteroseptal wall 10.21 13.84 16.20 55.20 <0.0001 

Anterolateral wall 9.91 11.01 11.89 23.29 <O 0001 

Posterior wall 8.87 10.20 11.42 31.08 <O 0001 

Assuming homoscedasticity and normality, which of the following tests was used to compare measurements? 

Q A. Analysis of variance 

0 B. Fisher's exact test 

0 C . lvlcNemar test 

0 D. Paired I-test 

0 E. Pearson chi-square 
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A study examined the role of biomarkers in diagnosing hypertrophic cardiomyopathy (HClvl). The study population included patients v1ithout HCll/1, 

patients with borderline HCM, and patients with definite HCM. The following echocardiography measurements of the mean left ventricular wall 

thickness were reported: 

Normal Borderline Definite 
Test 

Mean left ventricular screening hypertrophic hypertrophic 
statistic P-value 

wall thickness (mm) echo cardiomyopathy cardiomyopathy 
(F) 

(n = 52) (n = 23) (n = 18) 

Anteroseptal v,all 9.86 14.1 3 16.38 92.19 <O 0001 

Posteroseptal wall 10.21 13.84 16.20 55.20 <0.0001 

Anterolateral wall 9.91 11.01 11.89 23.29 <O 0001 

Posterior wall 8.87 10.20 11.42 31.08 <O 0001 

Assuming homoscedasticity and normality, which of the following tests was used to compare measurements? 

A. Analysis of variance (53o/o) 

B. Fisher's exact test (8%) 

C. lvlcNemar test (2°/o) 

D. Paired t-test (12°/o) 

E. Pearson chi-square (22°/o) 
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Choosing the best test for statistical analysis depends on the type and number of variables studied. The ANalysis Of VAriance (ANOVA) test is 

best suited for a scenario where the mean values of a continuous variable in several groups (categorical variable) are being compared. In this 

example, the continuous variable is left ventricular wall thickness and the categorical variable is the category of hypertrophic cardiomyopathy 

(HCM) with 3 groups no HCM, borderline HCM, and definite HCM. 

The ANOVA test gives an F statistic (based on the variation within and between the different groups) that can be used to obtain a p-value. 

Specific cond itions (eg, homoscedasticity or homogeneity of variances, which means that the data are scattered to about the same 

extent; normality, which means that the data follow the norn1al distribution) need to be satisfied for the test to be valid. 

(Choices B and E) The Pearson chi-squared test is used to compare the association between categorical variables. Fisher's exact test is used to 

study the association between 2 categorical variables when the number of observations is small (ie, when the Pearson chi-squared test cannot be 

performed due to the small san1ple size). For example, the association between 2 categorical variables (eg, treatment result [success/failure) and 

gender [man/woman)) can be determined using the Pearson chi-squared test, or, if the sample size is small (eg, 20 subjects), using Fisher's exact 

test. However, this study is assessing the mean values of a continuous variable (left ventricular wall thickness). 

(Choice C) The McNemar test compares the difference between 2 paired proportions; patients serve as their ov{n control (eg, success/failure 

before and after treatment in the same subjects). 

(Choice D) A paired t-test can test the difference between 2 paired means; patients serve as their own control (eg, mean blood pressure before 

and after treatment in the same subjects). 

Educational objective: 

The ANalysis Of VAriance (ANOVA) test is useful in studying the difference in mean values among several groups. 

References 

• Which is the correct statistical test to use? 
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A group of researchers is designing a study to investigate the role of a new diet in treating patients with mi ld hypertension. The researchers are 

using the following parameters to calculate the sample size required for the study: 

Expected change (decrease) in systolic blood pressure (SBP) with the new diet 8 mm Hg 

Expected standard deviation for SBP in the population: 10 mn1 Hg 

Value for a: 0.01 

Power: 0.85 

Based on these parameters, they estimate the minimum sample size required for a 2-tailed test to be 21. In which of the following situations would 

a sample size >21 be needed to appropriately address the research question? 

Q A. If actual decrease in systolic blood pressure with the new diet is 5 mm Hg rather than 8 mm Hg 

Q B. If actual standard deviation for systolic blood pressure is 7 mm Hg rather than 10 mm Hg 

Q C. If a is set at 0.05 rather than at 0.01 

Q D. If power is set at 0. 75 rather than at 0.85 

Q E. If the 2-tailed test is replaced by a 1-tailed test 
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A group of researchers is designing a study to investigate the role of a new diet in treating patients with mi ld hypertension. The researchers are 

using the following parameters to calculate the sample size required for the study: 

Expected change (decrease) in systolic blood pressure (SBP) with the new diet 8 mm Hg 

Expected standard deviation for SBP in the population: 10 mn1 Hg 

Value for a: 0.01 

Power: 0.85 

Based on these parameters, they estimate the minimum sample size required for a 2-tailed test to be 21. In which of the following situations would 

a sample size >21 be needed to appropriately address the research question? 

./ ' A. 

B. 

If actual decrease in systolic blood pressure with the new diet is 5 mm Hg rather than 8 mm Hg (30o/o) 

If actual standard deviation for systolic blood pressure is 7 mm Hg rather than 10 mm Hg ( 17%) 

C. If a is set at 0.05 rather than at 0.01 (17%,) 

D. If power is set at 0.75 rather than at 0.85 (25%) 

E. If the 2-tailed test is replaced by a 1-tailed test (8°/o) 

Omrtted 
Correct answer 

A 

Explanation 

Ii.. 30% 
L!l!. Answered correctly 
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Factors impacting Sample 
size Note 

sample size needed 

Expected Large Small Easier to identify large effect 

magnitude of 
effect size Small Large More difficult to identify small effect 

Large Small Lenient cutoff for statistical significance 

P-value (a) 

Small Large Stringent cutoff for statistical significance 

Large Large High ability to detect difference 

Power (1 - 13) 
Small Small Low ability to detect difference 

a = rate of type I error; 13 = rate of type II error. 
© uworld .com 

Sample size is related to statistical power, which is the ability to detect a significant effect in a study ( eg, difference between groups) when an 

effect really exists. In general, larger sample sizes have higher statistical power than smaller sample sizes. However, sample size and statistical 

power are affected by a number of parameters, including the magnitude of the expected effect size (size of expected difference between the 

groups) and the level of statistical significance adopted in the study. 

In this example, researchers have estimated that a sample size of 21 is required for 85o/o (0.85) statistical power in detecting an average decrease 

in systolic blood pressure (SBP) of 8 mm Hg (effect size). If the actual effect size is smaller than initially expected (eg, 5 mm Hg rather than 8 mm 

Hg), the study might not have adequate pov,er to detect the effect due to a reduction in statistical power (ie, <85%). In other words, more study 
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In this example, researchers have estimated that a sample size of 21 is required for 85o/o (0.85) statistical power in detecting an average decrease 

in systolic blood pressure (SBP) of 8 mm Hg (effect size). If the actual effect size is smaller than initially expected (eg, 5 mm Hg rather than 8 mm 

Hg}, the study might not have adequate pov,er to detect the effect due to a reduction in statistical pov>1er (ie, <85%). In other words, more study 

subjects (ie, n >21) will be needed to increase the power of the study so as to detect a smaller effect size. 

(Choice B) A smaller than expected standard deviation in the population means that observations are more homogeneous than expected. As a 

result, differences betvveen groups can be detected more easily due to increased pov,er. Therefore, the estimated sample size (n = 21) should 

have sufficient power to address the research question. 

(Choice C) Increasing the significance level from 0.01 to 0.05 means accepting a less stringent cutoff for statistical significance (5°/o rather 1%). 

As a result, even with the same sample size (n = 21), there w ill be a greater probabi lity of detecting differences between groups vvith a less 

stringent cutoff. 

(Choice D) The sample size of 2 1 vvas estimated to have 85°/o statistical pov,er for detecting a specific effect size. A higher level of power 

requires larger san1ple sizes; if a lower power (eg, 75%) is considered , a sample size of 21 would be more than enough to detect the same effect 

size. 

(Choice E) In contrast to 2-tailed tests, 1-tailed tests have more statistical povver as they look only for an effect in 1 direction (eg, looking for an 

increase only rather than either an increase or a decrease). Conducting a 1-tailed test (eg, assessing whether there is a statistically significant 

SBP decrease w ith diet) would require fewer subjects as the study would naturally have more pov,er. 

Educational objective: 

The sample size and power of a study are interdependent and affected by a number of parameters. In general , larger sample sizes are needed 

when a higher level of povver is required or when differences between groups are small. 
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A study assesses the length of stay in the intensive care unit after common surgical procedures. The following graph is obtained by plotting the 

number of admissions against length of stay (in days). 

Which of the following corresponds to the measures of central tendency on the graph? 

Q A. Line 1: Mean; Line 2: Median; Line 3: Mode 

Q B. Line 1: Median; Line 2: Mean; Line 3: Mode 

Q C. Line 1: Median; Line 2 Mode; Line 3 Mean 

Q D. Line 1: Mode; Line 2: Mean; Line 3: Median 

Q E. Line 1: Mode; Line 2: Median; Line 3: Mean 
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A study assesses the length of stay in the intensive care unit after common surgical procedures. The following graph is obtained by plotting the 

number of admissions against length of stay (in days). 
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Which of the following corresponds to the measures of central tendency on the graph? 
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Which of the following corresponds to the measures of central tendency on the graph? 

Q A. line 1: Mean; line 2: Median; line 3: Mode 

Q B. line 1: Median; line 2: Mean; line 3: Mode 

Q C. line 1: Median; line 2: Mode; line 3: Mean 

Q D. line 1: Mode; line 2: Mean; Line 3: Median 

Q E. line 1: Mode; line 2: Median; line 3: Mean 
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Which of the following corresponds to the measures of central tendency on the graph? 

A. line 1: Mean; line 2: Median; line 3 Mode (8o/o} 

B. line 1: Median; line 2 Mean; line 3 Mode (3%) 

C. line 1: Median; line 2 Mode; line 3 Mean (3%) 

D. line 1: Mode; line 2: Mean; Line 3: Median (26°/o} 

E. line 1: Mode; line 2: Median; line 3 Mean (58%) 

Omitted 
Correct answer 

11 .. 58% 
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Omitted 
Correct answer 
E 

Explanation 

' "· 58% l!!!. Answered correctly 
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\::,I Time Spent 
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Mean, median, and mode are measures of central tendency used to describe important values in a data set. The mean (or average) represents 

the sum divided by the total number of the values. The median is the value separating the top half from the lower half of the data set (50th 

percentile). The mode is the value that occurs most frequently. In a symmetric distribution with just 1 mode (such as a normal distribution}, the 

mean, median, and mode will have the same value. The mean and median move away from the mode as the distribution becomes more 

asymmetric (skewed). In extremely skewed distributions, outl iers heavily influence the mean, making it a less representative measure of central 

tendency. 

In this example, the distribution is positively skewed, meaning that the tail is on the right side. In general, in a positively skewed distribution, 

mode<median<mean. A quick way to identify the mode (Line 1) is to find the highest peak in a distribution, \Athich corresponds to the most 

frequent value (most frequent length of stay among all admissions). The median corresponds to Line 2, which is lower than the mean (Line 3) due 

to the presence of large outliers and to the positive skew of the distribution. 

Educational objective: 

Measures of central tendency are used to describe central values in a probability distribution. The most common measures of central tendency 

are mean, median, and mode. 
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A study investigates the prevalence of ischemia in 512 patients with chest pain undergoing stress testing. Only patients with negative cardiac 

enzymes and nondiagnostic electrocardiogran1 changes are included. Myocardial perfusion imaging for ischemia and coronary artery calcification 

(CAC) score are obtained for each participant. The following resu lts are reported: 

CACscore Prevalence of ischemia 

0 4%, 

1-100 7.8°/o 

101-400 12.1°/o 

>400 24°/o 

Which of the following best describes the study design? 

Q A. Case-control study 

0 B. Case series 

0 C. Cross-sectional study 

0 D. Prospective cohort study 

0 E. Randomized clinical trial 
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A study investigates the prevalence of ischemia in 512 patients with chest pain undergoing stress testing. Only patients w ith negative cardiac 

enzymes and nondiagnostic electrocardiogran1 changes are included. Myocardial perfusion imaging for ischemia and coronary artery calcification 

(CAC) score are obtained for each participant. The following resu lts are reported: 

CACscore 

0 

1-100 

101-400 

>400 

Which of the following best describes the study design? 

A. Case-control study (8°/o) 

B. Case series (10%) 

C. Cross-sectional study (60o/o) 

D. Prospective cohort study (18%) 

E. Randomized clinical trial (0°/o) 

Omitted 
Correcl answer 
C 

11 .. 60% 
L!!!. Answered correcUy 

Prevalence of ischemia 

4%, 

7.8°/o 

12.1°/o 

24°/o 

(T\ 02 secs 
\..::J Time Spent 
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• last Updated 
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~ 

Temporality of different study designs 
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~ 

Retrospective cohort 

Review past 
records 

Risk factor + . Compare . 
disease 

Risk factor - : incidence 

Case-control 

Compare 
risk f~ctor 
frequency ... -~ ., 

Diseased cases 

Nondiseased controls I 

Cross-sectional 

Risk factor + 

Risk factor -

f--- Compare 
disease 

f--- prevalence _______ .., 
©UWorld 

. . . 

This study compares the prevalence (at a specific point in time) of ischemia within different categories of coronary artery calcification (CAC) 

scores. This snapshot corresponds to a cross-sectional design. Cross-sectional studies can be descriptive or analytic (can infer but not prove 

causation). Subjects are assessed for the occurrence of risk factor exposure and for the presence of disease; some will not have been exposed or 

have the disease. 

(Choice A) A case-control study categorizes patients with and without a specific disease (eg, ischemic heart disease) and compares the risk 

factor frequency ( eg, CAC score) between the 2 groups. 

(Choice B) A case series is a group of case reports regarding individual patients who had similar cl inical manifestations or received similar 

treatment. Each individual case is typically described in detail. Case reports are sometimes used in rare diseases or novel treatments. 
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This study compares the prevalence (at a specific point in time) of ischemia within different categories of coronary artery calcification (CAC) 

scores. This snapshot corresponds to a cross-sectional desi.gn. Cross-sectional studies can be descriptive or analytic (can infer but not prove 

causation). Subjects are assessed for the occurrence of risk factor exposure and for the presence of disease; some will not have been exposed or 

have the disease. 

(Choice A) A case-control study categorizes patients with and without a specific disease (eg, ischemic heart disease) and compares the risk 

factor frequency ( eg, CAC score) between the 2 groups. 

(Choice B) A case series is a group of case reports regarding individual patients who had similar clinical manifestations or received similar 

treatment. Each individual case is typically described in detail. Case reports are sometimes used in rare diseases or novel treatments. 

(Choice D) A prospective cohort study would follow individuals who do not have the disease/outcome of interest (eg, ischemic heart disease) and 

who may or may not have a certain risk factor ( eg, elevated CAC scores) over time; the study would then assess disease development (ie, 

incidence of ischemic heart disease). 

(Choice E) A randomized clin ical trial would follow individuals who have been randomized to either a treatment arm (or arms) or a control arm 

and compare the effect of the intervention. 

Educational objective: 

In cross-sectional studies, individuals are assessed at a specific point in time to determine whether or not they have a certain risk factor and a 

certain disease of interest. 

References 

• Observational research methods. Research design II: cohort, cross sectional, and case-control studies. 
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v1ith tension-type headache. Participants were randomly assigned to 1 of 3 groups: BAT group, aerobic exercise (AE) group, and control group. 

Main outcomes were pain severity evaluated by a Visual Analog Scale (VAS); pain-related disability measured by the Pain Disability Index (POI); 

impact of headaches measured by the Headache Impact Tests (HIT); and quality of life measured by the Short Forn1 Health Survey (SF-36). 

Baseline characteristics concerning age, weight, height, BMI, VAS, and HIT were not statistically different among the groups (p > 0.05). However, 

there was a statistically significant difference among the groups (p < 0.05) in mean baseline POI values. Further evaluation of baseline POI values 

revealed the following: 

Baseline values 
Outcome Group 

Mean Median Mode 

Aerobic exercise 33.27 31.48 30.94 

Pain disability index Body awareness therapy 43.85 30.41 27.53 

Control 28.71 30.85 31.01 

Which of the following is likely to be the most valid measure of central tendency for baseline POI data? 

Q A. Mean and median both equally valid 

Q B. Mean, median, and mode all equally valid 

Q C. Mean only 

Q D. Median only 

Q E. Mode only 
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A randomized controlled trial investigated the effect of body awareness therapy (BAT) and aerobic exercises on pain and quality of life in patients 

with tension-type headache. Participants were randomly assigned to 1 of 3 groups: BAT group, aerobic exercise (AE) group, and control group. 

Main outcomes were pain severity evaluated by a Visual Analog Scale (VAS); pain-related disability measured by the Pain Disability Index (POI); 

impact of headaches measured by the Headache Impact Tests (HIT); and quality of life measured by the Short Form Health Survey (SF-36). 

Baseline characteristics concerning age, weight, height, BMI, VAS, and HIT were not statistically different among the groups (p > 0.05). However, 

there was a statistically significant difference among the groups (p < 0.05) in mean baseline POI values. Further evaluation of baseline POI values 

revealed the following: 

Baseline values 
Outcome Group 

Mean Median Mode 

Aerobic exercise 33.27 31.48 30.94 

Pain disability index Body awareness therapy 43.85 30.41 27.53 

Control 28.71 30.85 31.01 

Which of the following is likely to be the most valid measure of central tendency for baseline POI data? 

Q A. Mean and median both equally val id 

Q B. Mean, median, and mode all equally valid 

Q C. Mean only 

0 D. Median only 

Q E. Mode only 
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v1ith tension-type headache. Participants were randomly assigned to 1 of 3 groups: BAT group, aerobic exercise (AE) group, and control group. 

Main outcomes were pain severity evaluated by a Visual Analog Scale (VAS); pain-related disability measured by the Pain Disability Index (POI); 

impact of headaches measured by the Headache Impact Tests (HIT); and quality of life measured by the Short Forn1 Health Survey (SF-36). 

Baseline characteristics concerning age, weight, height, BMI, VAS, and HIT were not statistically different among the groups (p > 0.05). However, 

there was a statistically significant difference among the groups (p < 0.05) in mean baseline POI values. Further evaluation of baseline POI values 

revealed the following: 

Baseline values 
Outcome Group 

Mean Median 

Aerobic exercise 33.27 31.48 

Pain disability index Body awareness therapy 43.85 30.41 

Control 28.71 30.85 

Which of the following is likely to be the most valid measure of central tendency for baseline POI data? 

A. Mean and median both equally valid ( 4 % ) 

B. Mean, median, and mode all equally valid (8%) 

C. Mean only (19o/o) 

D. Median only (62°/o) 

E. Mode only (5%) 

Omitted 
Correct answer 

11 .. 62% 
l.!..!L Answered correcUy -

(T\ 05 secs 
\.::J Time Spent 
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30.94 

27.53 

31.01 
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Mode 

Negatively skewed 

©UWo~d 

Mean 
Median 
Mode 

Normal distribution 

Mode 

Positively skewed 

Continuous variables are often summarized through measures of central tendency such as the mean, median, and mode. Continuous variables 

that follow a normal distribution are symmetrical, with values for the mean, median, and mode that lie very close to each other (mean~ median ~ 

mode). For normally distributed continuous data, the mean is the most valid choice for central location. 

Continuous variables that do not follow a normal distribution are asymmetrical and exhibit negative or positive skewness (ie, observations with 

extreme values [outliers] on either side of the distribution): 

• A negatively skewed distribution has > 1 small-valued outliers and mean < median < mode. 

• A positively skewed distribution has >1 large-valued outliers and mean > median > mode. 

For skewed distributions, the median is a more representative and valid measure of central location than the mean. 

This study found that the mean baseline Pain Disability Index (POI) values are statistically different an1ong the body awareness therapy (BAT) 
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Continuous variables are often summarized through measures of central tendency such as the mean, median, and mode. Continuous variables 

that follow a normal distri bution are symmetrical, with values for the mean, median, and mode that lie very close to each other (n1ean ~median~ 

mode). For normally distributed continuous data, the mean is the most valid choice for central location. 

Continuous variables that do not follow a normal distribution are asymmetrical and exhibit negative or positive skewness (ie, observations with 

extreme values [outliers] on either side of the distribution): 

• A negatively skewed distribution has >1 small-valued outliers and mean< median< mode. 

• A positively skewed distribution has >1 large-valued outliers and mean> median> mode. 

For skevted distributions, the median is a more representative and valid measure of central location than the mean. 

This study found that the mean baseline Pain Disability Index (POI) values are statistically different among the body awareness therapy (BAT) 

group, the aerobic exercise (AE) group, and the control group (43.85, 33.27, and 28.71 , respectively ; p < 0.05). However, the distribution of 

baseline POI appears to be skewed in all 3 groups as follows: 

• AE group: Positively skewed with mean (33.27) > median (31.48) > mode (30.94) 

• BAT group: Positively skewed with mean (43.85) > median (30.41) > mode (27.53) 

• Control group: Negatively skewed with mean (28.71) < median (30.85) < mode (31.01) 

In particular, the distribution of baseline POI in the BAT group is considerably skewed, as the mean, median, and mode are relatively distant from 

each other. Consequently, the median, not the mean, represents the most valid measure of central tendency for summarizing and comparing 

baseline POI values among the 3 groups (Choices A, B, and C) . 

(Choice E) The mode is commonly used to describe categorical variables (qualitative). 

Educational objective: 

In a positively skewed distribution, the mean is the central tendency measure most shifted in the positive direction (to the right), followed by the 

median, and then the mode, whereas in a negatively skewed distribution, the mean is the central tendency measure most shifted in the negative 

direction (to the left), followed by the median, and then the mode. In such situations, the median is a more valid measure of central tendency than 

the mean. 
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, A negatively skewed distribution has >1 small-valued outliers and mean <median< mode. 

• A positively skewed distribution has >1 large-valued outliers and mean> median> mode. 

For skev,ed distributions, the median is a more representative and valid measure of central location than the mean . 

This study found that the mean baseline Pain Disability Index (PDI) values are statistically different among the body awareness therapy (BAT) 

group, the aerobic exercise (AE) group, and the control group (43.85, 33.27, and 28.71 , respectively ; p < 0.05). However, the distribution of 

baseline POI appears to be skewed in all 3 groups as follows: 

• AE group: Positively skewed w ith mean (33.27) > median (31.48) > mode (30.94) 

• BAT group: Positively skewed v,ith mean (43.85) > median (30.41) > mode (27.53) 

• Control group: Negatively skewed with mean (28.71) < median (30.85) < mode (31.01) 

In particular, the distribution of baseline POI in the BAT group is considerably skewed, as the mean, median, and mode are relatively distant from 

each other. Consequently, the median, not the mean, represents the most valid measure of central tendency for summarizing and comparing 

baseline POI values among the 3 groups (Choices A, B, and C) 

(Choice E) The mode is commonly used to describe categorical variables (qualitative). 

Educational objective: 

In a positively skewed distribution, the mean is the central tendency measure most shifted in the positive direction (to the right), followed by the 

median, and then the mode, whereas in a negatively skewed distribution, the mean is the central tendency measure most shifted in the negative 

direction (to the left), followed by the median, and then the mode. In such situations, the median is a more valid n1easure of central tendency than 

the mean. 
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A randomized, double-blinded clinical trial was conducted to evaluate the effect of a new hypolipidemic drug on the survival of patients after 

percutaneous coronary intervention (PCI). 1000 patients undergoing PCI were randomly assigned to the drug or placebo group. 500 patients 

were in each group. The 2 groups were then followed for 3 years for the development of acute coronary syndromes. Severe acute myositis was 

reported as a rare side effect of the drug therapy, but the difference between the 2 groups in the occurrence of this side effect was not statistically 

significant (p = 0.09). A review of the literature shows that, in prior clinical trials and case reports, the same side effect was noted in some patients 

taking this drug. Which of the following is the most likely cause for the fai lure to detect a significant statistical difference in the occurrence of acute 

myositis between the treatment and placebo groups in this randomized trial? 

Q A. Ascertainment bias 

0 B. Limited follow-up period 

0 C. Inappropriate patient selection 

0 D. Small sample size 

0 E. Observer bias 
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A randomized, double-blinded clinical trial was conducted to evaluate the effect of a new hypolipidemic drug on the survival of patients after 

percutaneous coronary intervention (PCI). 1000 patients undergoing PCI were randomly assigned to the drug or placebo group. 500 patients 

were in each group. The 2 groups were then followed for 3 years for the development of acute coronary syndromes. Severe acute myositis was 

reported as a rare side effect of the drug therapy, but the difference between the 2 groups in the occurrence of this side effect was not statistically 

significant (p = 0.09). A review of the literature shows that, in prior clinical trials and case reports, the same side effect was noted in some patients 

taking this drug. Which of the following is the most likely cause for the fai lure to detect a significant statistical difference in the occurrence of acute 

myositis between the treatment and placebo groups in this randomized trial? 

A. Ascertainment bias (16%,) 

8. Limited follow-up period ( 11 Ofc,) 

C. Inappropriate patient selection (6o/o) 

D. Small sample size (57%) 

E. Observer bias (7°/o) 

Omitted 
Correct ~nswer 
D 

Explanation 

11 .. 57% 
l!!!. Answered correcUy 

('j'\ 02 secs 
\.::J Time Spent • 

06/11/2020 
last Updated 

Power is the probability to detect a difference in the outcome of interest between 2 groups, if such a difference exists. Acute myositis was 

previously reported in patients using this new hypolipemic drug; however, in this randomized trial, the difference between the treatment and the 

placebo group were not statistically significant. The most likely explanation is that, because this side effect is rare and few patients experienced it, 
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Explanation 

Power is the probability to detect a difference in the outcome of interest betv<1een 2 groups, if such a difference exists. Acute myositis was 

previously reported in patients using this nevv hypolipemic drug; however, in this randomized trial, the difference between the treatment and the 

placebo group were not statistically significant. The most likely explanation is that, because this side effect is rare and fev,1 patients experienced it, 

the p value for the difference is marginal, approaching but not reaching statistical significance. A larger sample size will increase the power of the 

study (ie, its ability to detect the difference), and the p value w ill reach statistical significance. 

(Choice A) Ascertainment bias occurs when results fron1 an atypical population are extrapolated into the entire population. There is no reason for 

this study sample to be significantly different from the general population in terms of risk of acute severe myositis. 

(Choice B) Increasing the follow-up period may not increase the power, because the side effect may occur in susceptible individuals relatively 

early after starting the therapy. Therefore, longer follow-up would not increase the number of events. 

(Choice C) No information is given on how the patients were selected for the study. Randomization should help account for known and unknown 

confounders between the 2 groups studied. 

(Choice E) The fact that double-blinding techniques were employed in this trial decreases the potential for observer bias. 

Educational objective: 

Power is the ability to detect a difference in the outcome of interest betv,een 2 groups, if such a difference exists. Increasing the sample size 

increases the power of a study. 
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A study was conducted to assess the relationship between the use of an over-the-counter pain reliever during pregnancy and the development of 

a neural tube defect in the offspring. Mothers whose children have neural tube defects, as \•veil as age-matched controls (mothers whose children 

do not have such abnormalities), were interviev,ed using a standard questionnaire. The study showed that the use of the pain reliever during 

pregnancy increases the odds of a neural tube defect, even after adjusting for race, other medication use, comorbidities, family history of 

congenital abnormalities, and serum folate levels. The odds ratio is 1.5 (p = 0.03). Which of the following should be the major concern when 

interpreting the results of this study? 

0 A. Selection bias 

0 B. lnterviev,er bias 

0 C. Recall bias 

0 D. Observer bias 

0 E. Confounding 

Submit 



• 

• 

• 

• 

• 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

~ 
13 

14 

15 

16 

17 

18 

19 

~ 
22 

23 

24 

25 

26 

27 

28 

29 

• - Item 30 of 39 ~ <] C> r, I'>\ •! &\ii! , ni.i1 , ~ ~ = . • \ Mark L .J \.V 11111 :V imj ~ ~ 
Question Id: 5129 Previous Next Full Screen Tutorial lab Values Notes Calculator Reverse Color Text Zoom Settings 

A study was conducted to assess the relationship between the use of an over-the-counter pain reliever during pregnancy and the development of 

a neural tube defect in the offspring. Mothers whose children have neural tube defects, as v,ell as age-matched controls (mothers whose children 

do not have such abnormalities), were interviev,ed using a standard questionnaire. The study showed that the use of the pain reliever during 

pregnancy increases the odds of a neural tube defect, even after adjusting for race, other medication use, comorbidities, family history of 

congenital abnormalities, and serum folate levels. The odds ratio is 1.5 (p = 0.03). Which of the following should be the major concern when 

interpreting the results of this study? 

A. Selection bias (3°/o) 

B. lnterviev,er bias (1 %) 

C. Recall bias (88%) 

D. Observer bias ( 1 °/o) 

E. Confounding (5°/o) 

Omftted 
Correcl answer 
C 

Explanation 

111. 88% 
I.!.!!.. Answered correcUy 

(I\ 01 sec 
\.::) T,me Spent 

05/12/2020 
• Last Updaled 

Recall bias should always be considered as a potential problem in case-control studies because it can cause an overestimation of the effect of 

an exposure. In this scenario, the women whose children have neural tube defects (cases) are more likely to report use of the drug than the 

women whose children are healthy (controls). Over-estimation may be due to distress due to the birth of a baby with a congenital abnormality or 

the desire to find potential explanations for that outcome. 
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Explanation 

Recall bias should always be considered as a potential problem in case-control studies because it can cause an overestimation of the effect of 

an exposure. In this scenario, the \Atomen whose children have neural tube defects (cases) are more likely to report use of the drug than the 

\Atomen whose children are healthy (controls). Over-estimation may be due to distress due to the birth of a baby with a congenital abnormality or 

the desi re to find potential explanations for that outcome. 

Other typical scenarios that may illustrate recall bias are: Spouses whose husbands are diagnosed with lung cancer tend to over-report the 

number of the cigarettes smoked daily by the patient; patients with melanoma may provide unreliable reports of thei r tanning abil ity. 

(Choice A) No information is given on how the patients were selected for the study. 

(Choice B) Using a standard questionnaire minimizes the potential for interviewer bias. 

(Choice D) Observer bias results in misclassification of the outcome (eg, labeling a healthy baby as having an abnormal ity and vice versa). It is 

explained by know ledge of the exposure status of the patients by the physician who makes the diagnosis. In this scenario, the diagnosis of the 

congenital abnormality was n1ade at birth; therefore, there is little potential for observer bias. 

(Choice E) Two techniques were used to control the potential confounders in this study: n1atching and adjustment during the data analysis. This 

included adjustment for comorbidities and other medication use, which should help account for differences in the reasons for pain medication use. 

A lthough, given the potential for unmeasured confounders, confounding should always be considered, use of these analysis techniques in this 

scenario makes confounding less likely than recall bias. 

Educational objective: 

Recall bias is a potential problem in case-control studies. It results in over-reporting of the exposure by the cases. 
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A randomized, double-blinded clinical trial was conducted to assess the role of a n1ultidrug chen1otherapy regimen for the treatment of newly 

diagnosed stage Ill and IV stomach cancer. In the study, 150 patients v,ere enrolled in the treatment group and received the new multidrug 

treatment, and 100 patients were enrolled in the control group and were treated with standard first-line therapy. All patients were followed for 24 

months. A total of 120 patients in the treatment group (80%) and 80 patients in the control group (80°/o} died during this follow-up period. Despite 

these calculations, the investigators concluded that the new multidrug regimen was more effective than standard therapy. Which of the following 

most likely accounts for the conclusion reached by the study investigators? 

0 A. 2-year mortal ity risk was calculated 

0 B. Observer bias may be present 

0 C. Selective survival bias may be an issue 

0 D. The results were confounded 

0 E. Time-to-event data was analyzed 
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A randomized, double-blinded clinical trial was conducted to assess the role of a n1ultidrug chen1otherapy regimen for the treatment of newly 

diagnosed stage Ill and IV stomach cancer. In the study, 150 patients v,ere enrolled in the treatment group and received the new multidrug 

treatment, and 100 patients were enrolled in the control group and were treated with standard first-l ine therapy. All patients were followed for 24 

months. A total of 120 patients in the treatment group (80%) and 80 patients in the control group (80°/o} died during this follow-up period. Despite 

these calculations, the investigators concluded that the new multidrug regimen was more effective than standard therapy. Which of the following 

most likely accounts for the conclusion reached by the study investigators? 

A. 2-year mortal ity risk was calculated (8°/o} 

B. Observer bias may be present (7o/o) 

C. Selective survival bias may be an issue ( 17°/o) 

D. The results were confounded (6°/o) 

E. Time-to-event data was analyzed (59%) 

Omftted 
Correcl answer 
E 

Explanation 

111. 59% 
I.!.!!.. Answered correcUy 

(I\ 02 secs 
\.::) T,me Spent • 

03/23/2020 
Last Updaled 

Time-to-event data is collected when the elapsed time before an event occurs is of significant interest. It accounts not only for the total number of 

events in both groups, but also for the timing of the events, which can be important when assessing treatment benefit. It is commonly used in 

survival analysis where the event of interest is death. 
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Time (months) 
©USMLEWorld, LLC 

Time-to-event data is collected when the elapsed time before an event occurs is of significant interest. It accounts not only for the total number of 

events in both groups, but also for the timing of the events, which can be important when assessing treatment benefit. It is commonly used in 

survival analysis where the event of interest is death. 

In this example, patients in the treatment group may, on average, have a longer survival time than the patients in the control group despite an 

equivalent 2-year mortality risk (Choice A). For instance, the median survival time could be -7 months in the control group and - 19 months in the 

treatment group (as seen in the above graph). Therefore, a time-to-event analysis v1ould explain the conclusion that the treatment group did better 

than the control group. 

(Choice B) Observer bias can occur when observers misclassify data due to preconceived expectations regarding the investigational treatment. 

It can be prevented by performing a double-blind study in which neither participants nor investigators are aware of individual treatment 

assignments. 

(Choice C) Selective survival bias occurs when patients are selected from the entire disease population (prevalent cases) instead of just those 

that are new ly diagnosed (incident cases). As patients with more aggressive disease die sooner and are less likely to be enrolled, this can result 

in a study population with a higher proportion of more benign cases. Hov,ever, this study was limited to only newly diagnosed patients. 

(Choice D) Randomization is an effective tool to control for confounding, as the association between a potential confounder and the choice of 

treatment group will most likely be broken by random assignment. 

Educational objective: 

Survival analysis is commonly used to assess mortality benefit in prospective studies and cl inical trials. It accounts not only for the number of 

events in both groups, but also for the timing of the events throughout the follovv-up period. 
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A large-scale cl inical trial was conducted to assess the effect of carvedilol (a mixed alpha- and beta-blocker) on the clinical course of Nev, York 

Heart Association class Il l-IV chronic heart failure. The study reported that serum noradrenaline levels (a marker of the degree of neurohumoral 

activation) were correlated vtith serum sodiun1 levels with correlation coefficient r = -0.39 (p = 0.005). Which of the following statements best 

describes the observed relationship between serum noradrenaline levels and serum sodium levels? 

Q A. Serum noradrenaline levels increase as serum sodium levels decrease 

Q B. Serum noradrenal ine levels increase as serum sodium levels increase 

Q C. The measure of association does not reach statistical significance 

Q D. There is a strong correlation between serum noradrenaline and serum sodium levels 

Q E. Variations in serum noradrenaline levels change serum sodium levels 
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A large-scale cl inical trial was conducted to assess the effect of carvedilol (a mixed alpha- and beta-blocker) on the clinical course of Nev, York 

Heart Association class Il l-IV chron ic heart failure. The study reported that serum noradrenaline levels (a marker of the degree of neurohumoral 

activation) were correlated vtith serum sodiun1 levels with correlation coefficient r = -0.39 (p = 0.005). Which of the following statements best 

describes the observed relationship between serum noradrenaline levels and serum sodium levels? 

A. Serum noradrenaline levels increase as serum sodium levels decrease (76%) 

B. Serum noradrenal ine levels increase as serum sodium levels increase (2%) 

C. The measure of association does not reach statistical significance (3°/o) 

D. There is a strong correlation between serum noradrenaline and serum sodium levels (13o/o} 

E. Variations in serum noradrenaline levels change serum sodium levels (3%) 

Omitted 
Correct answer 
A 

Explanation 

111. 76% 
l!l!. Answered correctly 

(j"\ 02 secs 
\..::J Time Spent 

Correlation coefficient 

No 
Correlation 

07/15/2020 
• Last Updated 
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Correlation coefficient 

No 
Correlation Correlation 

-1.0 -0.5 0 +0.5 +1.0 

Strong---------- Weak Weak ----------strong 
© UWorld 

Correlation coefficient (r) values range from -1 to 1. The sign indicates a positive or negative direction of linear association between 2 variables; 

the null value is 0, which denotes no association. The closer the r value is to its margins (-1, 11 the stronger the association. 

In this study, the correlation coefficient is negative (r = -0.39), meaning that a negative linear association exists between serum noradrenaline 

levels and serum sodiun1 levels. As a result, serum noradrenaline levels would be expected to increase as serum sodiun1 levels decrease. This 

statement does not imply a causal relation between the 2 levels; it only indicates that an increase in one level is associated w ith a decrease in the 

other. 

(Choice B) A positive correlation would imply that serum noradrenaline levels increase as serum sodium levels increase. This is not the case in 

this study. 

(Choices C and D) In this study, the correlation coefficient (r = -0.39) is statistically significant (p = 0.005), but the association is weak because its 

value is closer to O than to 1. 

(Choice E) The correlation coefficient shows the strength of the association but does not imply causality . 

Educational objective: 

The correlation coefficient shows the strength and direction (positive or negative) of linear association between 2 variables but does not imply 

causal ity. 
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Correlation coefficient (r) values range from -1 to 1. The sign indicates a positive or negative direction of linear association between 2 variables; 

the null value is 0, which denotes no association. The closer the r value is to its margins [-1, 1), the stronger the association. 

In this study, the correlation coefficient is negative (r = -0.39), meaning that a negative linear association exists betv,een serum noradrenaline 

levels and serum sodium levels. As a result, serum noradrenal ine levels would be expected to increase as serum sodium levels decrease. This 

statement does not imply a causal relation between the 2 levels; it only indicates that an increase in one level is associated w ith a decrease in the 

other. 

(Choice B) A positive correlation would imply that serum noradrenaline levels increase as serum sodium levels increase. This is not the case in 

this study. 

(Choices C and D) In this study, the correlation coefficient (r = -0.39) is statistically significant (p = 0.005), but the association is weak because its 

value is closer to O than to 1. 

(Choice E) The correlation coefficient shows the strength of the association but does not imply causality. 

Educational objective: 

The correlation coefficient shows the strength and direction (positive or negative) of linear association bel\veen 2 variables but does not imply 

causal ity. 
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The following vignette applies to the next 3 items 

It is estimated that the prevalence of smoking in a population is 50%. A cohort study conducted using a random sample from this population 

showed that the 5-year risk of ischemic stroke is 1 :1000 among smokers and 0.5:1000 among non-smokers. 

Item 1 of 3 

What is the relative risk of ischemic stroke among smokers compared to non-smokers? 

0 A. 0.5 

0 B. 1.0 

0 C. 2.0 

0 D. 2.5 

0 E. 5.0 
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The following vignette applies to the next 3 items 

It is estimated that the prevalence of smoking in a population is 50%. A cohort study conducted using a random sample from this population 

showed that the 5-year risk of ischemic stroke is 1 :1000 among smokers and 0.5:1000 among non-smokers. 

Item 1 of 3 

What is the relative risk of ischemic stroke among smokers compared to non-smokers? 

A. 0.5 (10%) 

B. 1.0 (2o/o) 

C. 2.0 (83%) 

D. 2.5 (1%) 

E. 5.0 (1%) 

Omrtted 
Correct answer 

C 

Explanation 

111, 83% 
l!!!. Answered correcUy 

(T\ 01 sec 
\...::J Time Spenl 

~ 05/17/2020 
El Last Updated 

Relative risk (RR) represents a measure of outcome in follov1-up studies. It is a risk ratio comparing risk of an outcome among the exposed to 

that among the unexposed. In this case, the 5-year risk of ischemic stroke among the exposed (smokers) group is 0.1% (1 :1000}, and the risk 

among the unexposed group is 0.05% (0.5:1000}. As a result, the RR= 0.1 /0.05 = 2.0. The 5-year risk of ischemic stroke in smokers is twice that 
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A. 0.5 (10%) 

8. 1.0 (2%) 

C. 2.0 (83%) 

D. 2.5 (1o/o) 

E. 5.0 (1%) 

Omitted 
Correct answer 

C 

Explanation 

111. 83% 
l!l!. Answered correctly 

(j"", 01 sec 
'\:::.J Time Spent 

05/17/2020 
• Last Updated 

Relative risk (RR) represents a measure of outcome in follow-up studies. It is a risk ratio comparing risk of an outcome among the exposed to 

that among the unexposed. In this case, the 5-year risk of ischemic stroke among the exposed (smokers) group is 0.1°/o (1 :1000), and the risk 

among the unexposed group is 0.05°/o (0.5:1000). As a result, the RR = 0.1/0.05 = 2.0. The 5-year risk of ischemic stroke in smokers is twice that 

of non-sn1okers. 

Educational objective: 

Relative risk is a measure of outcome in follovv-up studies. It is the risk of the exposed group divided by the risk of the unexposed group. 
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Item 2 of 3 

What percentage of ischemic strokes observed in smokers can be attributed to their smoking status? 

0 A. 10°/o 

0 B. 2s010 

0 C. 33°/o 

0 D. 50°/o 

0 E. 75°/o 
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Item 2 of 3 

What percentage of ischemic strokes observed in smokers can be attributed to their smoking status? 

A. 10°/o (10o/o) 

B. 2s010 (7%) 

C. 33°/o (5%) 

D. 50°/o (74%) 

E. 75°/o (2%) 

Omitted 
Correct answer 
D 

Explanation 

II,, 74% 
I.!.!!.. Answered correctly 

,i\ 02secs 
I..::) Time Spent 

05/17/2020 
• Last Updated 

In this scenario, the attributable risk percent (ARP) should be calculated. ARP is a measure of excess risk and estin1ates the proportion of 

disease among exposed subjects that is attributed to exposure status. 

Two approaches can be used to calculate ARP. The first uses the following formula: 

ARP= (Risk in exposed - Risk in unexposed) / Risk in exposed= {0.1 - 0.05) / 0.1 = 0.5 (50%). 

The second uses relative risk (RR): 
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Omitted 
Correct answer 

D 

Explanation 

lh, 74% 
I.!!.!.. Answered correcUy 

("j'\ 02 secs 
I...::) Time Spent • 

05/17/2020 
Last Updated 

In this scenario, the attributable risk percent (ARP) should be calculated. ARP is a measure of excess risk and estimates the proportion of 

disease among exposed subjects that is attributed to exposure status. 

Two approaches can be used to calculate ARP. The first uses the following formula: 

ARP= (Risk in exposed - Risk in unexposed) / Risk in exposed= (0.1 - 0.05) / 0.1 = 0.5 (50%). 

The second uses relative risk (RR): 

ARP= (RR - 1) / RR= (2 -1) / 2 = 0.5 (50o/o}. 

As a result, 50% of the ischemic strokes observed in smokers can be attributed to their smoking status and could therefore have been eliminated if 

these individuals had not smoked. 

Educational objective: 

The attributable risk percent (ARP) is a measure of excess risk. It estimates the proportion of the disease in exposed subjects that is attributed to 

exposure status. ARP = (Risk in exposed - Risk in unexposed) / Risk in exposed. 
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Item 3 of 3 

What percentage of ischemic strokes observed in the population can be attributed to smoking? 

0 A. 10°/o 

0 B. 2s010 

0 C. 33°/o 

0 D. 50°/o 

0 E. 75°/o 
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Item 3 of 3 

What percentage of ischemic strokes observed in the population can be attributed to smoking? 

A. 10°/o (9o/o) 

B. 25°10 (30%) 

C. 33°/o (26%) 

D. 50°/o (28%) 

E. 75°/o (5%) 

Omitted 
Correct answer 
C 

Explanation 

II,, 26% 
I.!.!!.. Answered correctly 

,i\ 01 sec 
I..::) Time Spent 

05/17/2020 
• Last Updated 

The percentage of ischemic strokes in the observed population that is attributable to sn1oking is given by the population attributable risk 

percent (PARP). Unlike attributable risk percent, PARP is the measure of excess risk in the total population, not only in exposed subjects. 

PARP compares 2 risks (or incidences): 

PARP = (Risk in total population - Risk in unexposed) I Risk in total population 

Given the risk of stroke among the exposed (0.1%) and the unexposed (0.05°/o), as well as the proportion of exposure in the population (0.5), the 

risk in the total population can be calculated as a weighted average: 
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Given the risk of stroke among the exposed (0.1%) and the unexposed (0.05°/o), as well as the proportion of exposure in the population (0.5), the 

risk in the total population can be calculated as a weighted average: 

Risk in total population = (Risk in smokers)(Proportion of smokers)+ (Risk in nonsmokers)(Proportion of nonsmokers)= (0.1%)(0.5) + 

(0.05o/o}(0.5) = 0.075%. 

Therefore, PARP = (0.075 - 0.05)/0.075 = 0.025/0.075 = 0.33 (33%). This means that 33% of ischemic strokes observed in the population can be 

attributed to smoking. 

(Alternately, the risk in the total population can be calculated by using a sample population. For exan1ple, in a sample population of 20,000 

individuals where smoking prevalence is 50%, there are 10,000 smokers and 10,000 nonsmokers. The 5-year-risk of ischemic stroke is 0.1% 

among smokers and 0.05% among nonsmokers, so there will be (0.1%)(10,000) = 10 cases of ischemic stroke among the 10,000 smokers and 

(0.05%)(10,000) = 5 cases among the 10,000 nonsmokers. In sum, there will be 10 + 5 = 15 cases of ischemic stroke among the total population 

of20,000, with a 5-year-risk of 15/20,000 = 0.075%. The result will be the same regardless of the sample population size.) 

A second way to calculate PARP uses the relative risk (RR): 

PARP = (Prevalence)(RR - 1) / [(Prevalence)(RR-1 ) + 1) 

Prevalence= 0.5 and RR= 2.0 (as calculated previously), so PARP = 0.5 / (0.5 + 1) = 0.5/1 .5 = 0.33 (ie, 33°/o). 

Educational objective : 

The population attributable risk percent (PARP) estimates the proportion of disease in the population that is attributed to the exposure. PARP = 

(Risk in the total population - Risk in the unexposed) I Risk in the total population. 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

ng I ® uWorld A Is 

Risk, rate, prevalence and incidence 
Topic 
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The percentage of ischemic strokes in the observed population that is attributable to smoking is given by the population attributable risk 

percent (PARP). Unlike attributable risk percent, PARP is the measure of excess risk in the total population, not only in exposed subjects. 

PARP compares 2 risks ( or incidences): 

PARP = (Risk in total population - Risk in unexposed) / Risk in total population 

Given the risk of stroke among the exposed (0.1%) and the unexposed (0.05°/o), as well as the proportion of exposure in the population (0.5), the 

risk in the total population can be calculated as a weighted average: 

Risk in total population = (Risk in smokers)(Proportion of smokers)+ (Risk in nonsmokers)(Proportion of nonsmokers) = (0.1%)(0.5) + 

(0.05o/o)(0.5) = 0.075%. 

Therefore, PARP = (0.075 - 0.05)/0.075 = 0.025/0.075 = 0.33 (33%). This means that 33% of ischemic strokes observed in the population can be 

attributed to smoking. 

(Alternately, the risk in the total population can be calculated by using a sample population. For exan1ple, in a sample population of 20,000 

individuals where smoking prevalence is 50%, there are 10,000 smokers and 10,000 nonsmokers. The 5-year-risk of ischemic stroke is 0.1% 

among smokers and 0.05% among nonsmokers, so there will be (0.1°/0)(10,000) = 10 cases of ischemic stroke among the 10,000 smokers and 

(0.05%)(10,000) = 5 cases among the 10,000 nonsmokers. In sum, there will be 10 + 5 = 15 cases of ischemic stroke among the total population 

of 20,000, with a 5-year-risk of 15/20,000 = 0.075%. The result will be the same regardless of the sample population size.) 

A second way to calculate PARP uses the relative risk (RR): 

PARP = (Prevalence)(RR - 1) / [(Prevalence)(RR - 1) + 1) 

Prevalence= 0.5 and RR= 2.0 (as calculated previously), so PARP = 0.5 / (0.5 + 1) = 0.5/1 .5 = 0.33 (ie, 33°/o). 

Educational objective: 

The population attributable risk percent (PARP) estimates the proportion of disease in the population that is attributed to the exposure. 

(Risk in the total population - Risk in the unexposed) / Risk in the total population . 

PARP= 
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Several tests have been developed to measure the serologic markers of breast cancer. These tests have different specificities and sensitivities for 

the early stage of breast cancer. Which of the following tests could be the best screening test for the early detection of breast carcinoma if applied 

to a population with a stable incidence of the disease? 

0 A. Sensitivity - 80°/o, specificity - 90o/o 

0 B. Sensitivity - 65°/o, specificity - 97% 

0 C. Sensitivity - 70°/o, specificity - 94% 

0 D. Sensitivity - 75°/o, specificity - 92% 

0 E. Sensitivity - 85°/o, specificity - 90% 
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Several tests have been developed to measure the serologic markers of breast cancer. These tests have different specificities and sensitivities for 

the early stage of breast cancer. Which of the following tests could be the best screening test for the early detection of breast carcinoma if applied 

to a population with a stable incidence of the disease? 

A. Sensitivity - 80°/o, specificity - 90o/o (1%) 

B. Sensitivity- 65°/o, specificity - 97% (8%) 

C. Sensitivity- 70°/o, specificity - 94% (1%) 

D. Sensitivity- 75°/o, specificity - 92% (0%) 

E. Sensitivity- 85°/o, specificity - 90% (88%) 

Omitted 
Correct answer 

E 

Explanation 

111. 88% 
l!!!. Answered correcUy 

(T\ 02 secs 
\..::J Time Spent • 

06/11/2020 
Last Updated 

A screening test must have a high sensitivity. This high sensitivity helps to 'RULE OUT' the disease, giving as few false-negative results as 

possible (SnNOut). Furthermore, the high sensitivity increases the negative predictive value (NPV) of the test: 

NPV = True negatives / (True negatives + False Negatives) 

In this case, the test with the highest sensitivity and good specificity is the best choice. 
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Omitted 
Correct answer 

E 

Explanation 

111, 88% 
l!!!. Answered correctly 

,i\ 02 secs 
\..::J Time Spent • 

06/11/2020 
Last Updated 

A screening test must have a high sensitivity. This high sensitivity helps to 'RULE OUT' the disease, giving as few false-negative results as 

possible (SnNOut). Furthermore, the high sensitivity increases the negative predictive value (NPV) of the test: 

NPV = True negatives / (True negatives + False Negatives) 

In this case, the test with the highest sensitivity and good specificity is the best choice. 

(Choice B) Choosing a highly specific test with low sensitivity would give more false-negative results; thus, many diseased people would be 

labeled healthy. 

Educational Objective: 

A screening test must have a high sensitivity. This high sensitivity helps to 'RULE OUT' the disease by decreasing the number of false-negative 

results, and by increasing the negative predictive value (SnNOut). 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

Sensitivity, specificity, positive predictive value PPV, negative predictive value NPV 

Topic 

ng t ® uWorld Al ts reseNEd 
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The following vignette applies to the next 2 items. 

A 28-year-old woman comes to the office due to chronic diarrhea. She also has osteoporosis and anemia. The diagnosis of celiac sprue is 

considered. An article reviewing the efficacy of 2 new tests available for celiac sprue diagnosis contains the following 2 tables: 

Test X and celiac sprue 

Test result Sprue(+) No disease Total 

Positive 60 60 120 

Negative 20 260 280 

Total 80 320 400 

Test Y and celiac sprue 

Test result Sprue(+) No disease Total 

Positive 65 50 115 

Negative 15 270 285 

Total 80 320 400 

Item 1 of 2 

Based on these data, which of the following statements is most accurate? 

Q A. Test X is less sensitive than test Y and equally specific for the diagnosis of celiac sprue. 
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--------------------
Negative 20 260 280 

Total 80 320 400 

Test Y and celiac sprue 

Test result Sprue(+) No disease Total 

Positive 65 50 115 

Negative 15 270 285 

Total 80 320 400 

Item 1 of 2 

Based on these data, which of the following statements is most accurate? 

Q A. Test X is less sensitive than test Y and equally specific for the diagnosis of celiac sprue. 

Q B. Test X is more sensitive and specific for the diagnosis of celiac sprue. 

Q C. Test Y is more sensitive but less specific than test X for the diagnosis of celiac sprue. 

Q D. Test Y is more specific and sensitive for the diagnosis of celiac sprue . 

Q E. Test Y is more specific but less sensitive than test X for the diagnosis of celiac sprue. 

Submit 

• 



• 

• 

• 

• 

• 

• 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

~ 
13 

14 

15 

16 

17 

18 

19 

~ 
22 

23 

24 

25 

26 

27 

28 

29 

30 

• - Item 37 of 39 ~ <] C> r, I'>\ •! &\ii! , ni.i1 , ~ ~ = . • \ Mark L .J \.V 11111 :V imj ~ ~ 
Question Id: 5273 Previous Next Full Screen Tutorial lab Values Notes Calculator Reverse Color Text Zoom Settings 

--------------------
Negative 20 260 280 

Total 80 320 400 

Test Y and celiac sprue 

Test result Sprue(+) No disease Total 

Positive 65 50 115 

Negative 15 270 285 

Total 80 320 400 

Item 1 of 2 

Based on these data, which of the following statements is most accurate? 

A. Test Xis less sensitive than test Y and equally specific for the diagnosis of celiac sprue. (2°/o) 

B. Test Xis more sensitive and specific for the diagnosis of celiac sprue. (2%,) 

C. Test Y is more sensitive but less specific than test X for the diagnosis of celiac sprue. (13°/o) 

D. Test Y is more specific and sensitive for the diagnosis of celiac sprue . (75%) 

E. Test Y is more specific but less sensitive than test X for the diagnosis of celiac sprue. (5%) 

Omitted 11 .. 75% (T\ 04 secs 
\.::J Time Spent Correct answer L!!!. Answered correcUy -

07/24/2020 
• Last Updated 

TUTOR ~ F9ack S~ d En~ ock 

• 



• 

• 

• 

• 

• 

• 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

~ 
13 

14 

15 

16 

17 

18 

19 

~ 
22 

23 

24 

25 

26 

27 

28 

29 

30 

• - Item 37 of 39 ~ <] C> r, I'>\ •! &\ii! , ni.i1 , ~ ~ = . • \ Mark L .J \.V 11111 :V imj ~ ~ 
Question Id: 5273 Previous Next Full Screen Tutorial lab Values Notes Calculator Reverse Color Text Zoom Settings 

Positive condition Negative condition 

Positive 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 positive; NPV = negative predictive value; PPV = positive predictive value; TN= true negative; TP = 
true positive. 

The sensitivity of a test refers to its ability to correctly identify individuals with the disease; it can be formulated as TP/(TP + FN), where TP is true 

positive and FN is false negative. A n1ore sensitive test is able to correctly identify more patients vvho have the disease (ie, more TPs and fewer 

FNs) as compared to a less sensitive test. This means that fewer patients with the disease will have a negative result on the more sensitive test. 

Test Y is more sensitive than test X as it has correctly diagnosed 65 (TPs) of the 80 sprue cases, whereas test X has correctly identified only 60 of 

the 80. Furthermore, test Y has missed only 15 sprue cases (FNs), whereas test X has missed 20. 

The specificity of a test refers to its ability to correctly identify individuals without the disease; it can be given by TN / (TN + FP), where TN is true 

negative and FP is false positive. A more specific test is able to correctly identify more patients who are healthy (ie, more TNs and fewer FPs) as 

compared to a less specific test. This means that fewer patients without the disease will have a positive result on the more specific test. Test Y is 

also more specific than test X as it has misdiagnosed only 50 (FPs) of the 320 patients without the disease, whereas test X has misdiagnosed 60 

of the 320 healthy patients . 

Educational objective: 

A test is more sensitive when it is able to correctly diagnose more patients \'tho have the disease (ie, more true positives and fewer false 

negatives). This means that fewer patients with the disease will have a negative result on that test. A test is more specific when it is able to 

correctly identify patients who are healthy (ie, more true negatives and fewer false positives). This means that fewer patients without the disease 
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TP/(TP + FN} TN/(TN + FP) 

FN = false negative; FP = false positive; NPV = negative predictive value; PPV = positive predictive value; TN= true negative; TP = 

true positive. 

The sensitivity of a test refers to its ability to correctly identify individuals with the disease; it can be formulated as TP/(TP + FN}, where TP is true 

positive and FN is false negative. A more sensitive test is able to correctly identify more patients who have the disease (ie, more TPs and fewer 

FNs) as compared to a less sensitive test. This means that fewer patients \"lith the disease will have a negative result on the more sensitive test. 

Test Y is more sensitive than test X as it has correctly diagnosed 65 (TPs} of the 80 sprue cases, vo/hereas test X has correctly identified only 60 of 

the 80. Furthermore, test Y has missed only 15 sprue cases (FNs), whereas test X has missed 20. 

The specificity of a test refers to its ability to correctly identify individuals without the disease; it can be given by TN I (TN + FP), where TN is true 

negative and FP is false positive. A more specific test is able to correctly identify more patients who are healthy (ie, more TNs and fewer FPs} as 

compared to a less specific test. This means that fewer patients without the disease will have a positive result on the more specific test. Test Y is 

also more specific than test X as it has misd iagnosed only 50 (FPs} of the 320 patients without the disease, whereas test X has misdiagnosed 60 

of the 320 healthy patients. 

Educational objective: 

A test is more sensitive when it is able to correctly diagnose more patients who have the disease (ie, more true positives and fewer false 

negatives) . This means that fewer patients with the disease will have a negative result on that test. A test is more specific when it is able to 

correctly identify patients who are healthy (ie, more true negatives and fewer false positives}. This means that fewer patients without the disease 

\"lill have a positive result on that test. 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

Sensitivity, specificity, positive predictive value PPV, negative predictive value NPV 

Topic 
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Item 2 of 2 

After careful analysis of the data from the 2 tables, a decision is made to use these new tests to determine whether the patient has celiac sprue. 

Which of the following represents the most appropriate testing strategy? 

0 A. Order both tests at the same time. 

0 B. Order test X first; if the result is positive, confirn1 with test Y. 

0 C. Order test X only. 

0 D. Order test Y first; if the result is positive, confirm with test X. 

0 E. Order test Y only. 
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Item 2 of 2 

After careful analysis of the data from the 2 tables, a decision is made to use these new tests to determine whether the patient has celiac sprue. 

Which of the following represents the most appropriate testing strategy? 

A. Order both tests at the same time. (0%) 

B. Order test X first; if the result is positive, confirn1 with test Y. (4°/o) 

C. Order test X only. ( 1 % ) 

D. Order test Y first; if the result is positive, confirm with test X. (5%) 

E. Order test Y only. (86°/o) 

Omitted 
Correct answer 

E 

Explanation 

111. 86% 
l!!!. Answered correcUy 

(T\ 02 secs 
\..::J Time Spent 

07/24/2020 
• Last Updated 

Screening tests should be used in an orderly and efficient manner. Highly sensitive tests are most appropriate for screening as they are the 

most likely to detect a disease and the least likely to give false-negative results. Given a test with high sensitivity, a negative result would help to 

rule out a diagnosis (SnNout). This assures the provider ordering the test that the probability of missing the diagnosis is low. 

After obtaining a positive result from the more sensitive test, a more specific test is ordered. Highly specific tests have a low rate of false 

positives. This means that most healthy patients have a negative test result (true negative). It is important for a confirmatory test to have high 

specificity. Given a test v,ith high jpecificity, a 9ositive result would help to rule in a diagnosis (SpPin). 
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Omitted 
Correct answer 

E 

Explanation 

Ii.. 86% 
l!!!. Answered correctly 

(T\ 02 secs 
'\::J Time Spent • 

07/24/2020 
Last Updated 

Screening tests should be used in an orderly and efficient manner. Highly sensitive tests are most appropriate for screening as they are the 

most likely to detect a disease and the least likely to give false-negative results. Given a test with high sensitivity, a negative result would help to 

rule out a diagnosis (SnNout). This assures the provider ordering the test that the probability of missing the diagnosis is low. 

After obtaining a positive result from the more sensitive test, a more specific test is ordered. Highly specific tests have a low rate of false 

positives. This means that most healthy patients have a negative test result (true negative). It is important for a confirmatory test to have high 

specificity. Given a test v, ith high .l,pecificity, a gositive result would help to rule in a diagnosis (SpPin). 

In this case, test Y has higher specificity and sensitivity; therefore, only this test is needed. 

(Choice A) Although the simultaneous use of 2 tests can sometimes increase the sensitivity and specificity that each test offers separately, there 

are insufficient data to support this possibility. A third table presenting information about the combined use of both tests is necessary. 

Educational objective: 

Highly sensitive tests are useful for screening; highly specific tests are useful for confirmation. 

Foundations of Independent Practice 
Subject 

Biostatistics & Epidemiology 
System 

Sensitivity, specificity, positive predictive value PPV, negative predictive value NPV 
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A clinical trial was conducted to compare the effects of ACE inhibitors and diuretics in elderly patients v1ith hypertension. The investigators 

believed that ACE inhibitors provide some additional survival benefits over diuretics use in elderly subjects because of their neurohumoral effects. 

The study lasted 5 years and the investigators presented the following results after the completion of the study: 

ACE inhibitor Diuretic 
Hazard ratio (95°/o confidence interval ) 

Events Rate per 1000 Events Rate per 1000 

All-cause mortality 190 15.5 210 17 0.90 (0.80-1.01) 

Any non-fatal 

cardiovascular event 
57 4.8 82 6.7 0.68 (0.45-0.96) 

Heart failure 69 5.6 78 6.4 0.85 (0.62-1.18) 

According to the information given, which of the following is the best interpretation of the study results? 

Q A. ACE inhibitors have no overall advantage over diuretics 

Q B. ACE inhibitors are associated with higher risk of heart failure 

Q C. ACE inhibitors may protect from some cardiovascular events 

Q D. ACE inhibitors decrease the risk of mortality 

Q E. ACE inhibitors should be used with caution in elderly patients 
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A clinical trial was conducted to compare the effects of ACE inhibitors and diuretics in elderly patients v1ith hypertension. The investigators 

believed that ACE inhibitors provide some additional survival benefits over diuretics use in elderly subjects because of their neurohumoral effects. 

The study lasted 5 years and the investigators presented the following results after the completion of the study: 

ACE inhibitor Diuretic 
Hazard ratio (95°/o confidence interval ) 

Events Rate per 1000 Events Rate per 1000 

All-cause mortality 190 15.5 210 17 0.90 (0.80-1.01) 

Any non-fatal 

cardiovascular event 
57 4.8 82 6.7 0.68 (0.45-0.96) 

Heart failure 69 5.6 78 6.4 0.85 (0.62-1.1 8) 

According to the information given, which of the following is the best interpretation of the study results? 

./ 

A. ACE inhibitors have no overall advantage over diuretics (7°/o) 

B. ACE inhibitors are associated with higher risk of heart failure (1%) 

C. ACE inhibitors may protect from some cardiovascular events (72%) 

D. ACE inhibitors decrease the risk of mortality (17o/o} 

E. ACE inhibitors should be used with caution in elderly patients ( 1 °/o) 

Omitted 
Correct answer 

C 

I lo. 72% 
l.!.!!. Answered correcUy 

,i\ 02secs 
\.::} Time Spent 

03/19/2020 
• Last Updated 
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Omitted 
Correct answer 

C 

Explanation 

11 .. 72% 
l!!!. Answered correctly 

,i\ 02 secs 
\.::J Time Spent • 

03/19/2020 
Last Updaled 

The scenario emphasizes the basics of study resu lt interpretation. A hazard ratio (HR) is a measure of effect used in survival analysis (or time-to

event analysis). It has almost the same interpretation as relative risk; therefore, the study results presented can be interpreted in terms of risk. 

The null value for HR is 1.00: HR= 1.00 means that there is no difference in risk between the 2 groups. HR <1.00 indicates a protective effect, 

whereas HR >1.00 indicates a detrimental effect. 

The HRs for all 3 outcomes (ie, all-cause mortality, non-fatal cardiovascular events, heart failure) indicate a protective effect of ACE inhibitors; 

however, only the HR for non-fatal cardiovascular events is statistically significant because the 95% confidence interval does not indude the null 

value. 

(Choice A) ACE inhibitors may have an overall advantage over diuretics in this age group. 

(Choices B and D) According to the study results, ACE inhibitors can decrease the risk of non-fatal card iovascular events compared to diuretics 

in elderly patients with hypertension; although the results suggest a lower risk of all-cause mortality and heart failure, these are not statistically 

significant. 

Educational objective: 

A hazard ratio (HR) is a measure of effect used in survival analysis (or time-to-event analysis). The null value for HRs is 1.00: HR = 1.00 means 

that there is no difference in risk between the 2 groups. HR <1.00 indicates a protective effect, whereas HR >1.00 indicates a detrimental effect. 
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