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		Introduction

								

	
				This textbook is intended as a primer and reference for students in medical school taking an epidemiology course, preparing for the USMLE Step 1 Exam, or needing to refresh on epidemiologic concepts. Medical school students in the United States must have a basic grasp of epidemiology and how it is used in population health and clinical medicine to continue past the first year of medical school. This textbook is designed for these students and contains information that can support students as they progress in their clinical career. The goal of this textbook is to provide students with the basics of epidemiology terms and concepts.
 This textbook begins with an introduction to general concepts of epidemiology, including the definition of the field, basic terms such as incidence and prevalence, and descriptions of the ways information can be counted. It progresses to how measurements and calculations in epidemiology are applied to different study designs, why one might choose a particular study design to answer a clinical question, and detailed use of measures of association and effect in different study designs. After demonstrating how epidemiology is used in clinical diagnosis and screening of disease, the textbook ends with an overview and examples of sources of error in epidemiologic studies, including bias, confounding, and effect modification.
 This textbook is meant for clinical students without backgrounds in public health, particularly those who are seeking a medical degree. Ideally, students in any clinical field, including nursing and physical therapy, can use this text as a reference for epidemiologic concepts that surface while taking care of patients or learning about different conditions. This book specifically will guide medical school students as they prepare for the USMLE Step 1 Exam and to transition from student to clinician.
 The author chose to write this text while teaching medical school students epidemiology. The author noticed a large gap between the detail public health students needed to know (and subsequently what most textbooks focused on) and what medical school students needed to know. No other book explained the concepts at a level simple enough to be truly introductory and appropriate for a medical school audience. This matters because these two groups of students will work together throughout their careers, but the group of medical school students have a different reason to need to know this information and how it should be used. A textbook to approach their needs was necessary.
 This textbook is heavily driven by practical examples, the majority of which are sports-related. It is an open access and openly licensed textbook available digitally at no cost and features accessible text and graphics.
 Parts of This Book
 	Chapter 1, Epidemiology in Sum, explains the overarching idea of epidemiology.
 	Chapter 2, Measuring Things in Epidemiology, explains how things are counted and the dynamics of disease.
 	Chapter 3, Study Designs, includes study designs and related measures.
 	Chapter 4, Diagnostics and Screening, covers the use of epidemiology in disease diagnosis and screening.
 	Chapter 5, The Wrecking Ball, examines bias, confounding, interaction and effect modification, including what they are and how to work with them.
 	Appendix, Study Guides, includes handwritten visual summaries of chapters 2, 3, and 4.
 
 What Content in This Text Is Relevant to the USMLE Step 1 Exam?
 The following table shows which chapters in this text are in alignment with the First Aid for the USMLE Step 1 book (2022 edition): L. Tao, B. Vikas, and S. Matthew, First Aid for the USMLE Step 1 2022, 32nd ed., McGraw Hill LLC, 2022.
 
 	Chapter in this text 	USMLE Step 1 material 	Additional material relevant to research and clinical medicine 
  	Chapter 1 	Sections 1.1–Section 1.2 	Section 1.3 
 	Chapter 2 	Sections 2.1–2.2, 2.3.1.2, 2.3.2, 2.4 	Section 2.3.1.1 
 	Chapter 3 	Sections 3.1–3.6 	Section 3.7 
 	Chapter 4 	Entire chapter 	— 
 	Chapter 5 	Sections 5.1, 5.1.1, 5.1.2, 5.1.3, 5.2 	Section 5.1.2.1 
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		Study Guide: Diagnostics and Screening

								

	
				[image: Screening Tests. Two-by two table. New Test on y-axis, Gold standard on x-axis. Top left cell: both new test and gold standard are positive, A or True Positive (TP). Top right cell: positive new test with negative gold standard is B, or False Positive (FP). Bottom left cell: positive gold standard with negative new test is C, or False Negative (FN). Bottom right cell: both new test and gold standard are negative, D or True Negative (TN). True positive (TP) equals actually positive and your test agrees. False positive (FP) equals actually negative and your test disagrees. False negative (FN) is actually positive and your test disagrees. True negative (TN) is actually negative and your test agrees. How good is the test? Sensitivity and Specificity. 1. Sensitivity: Is the test good at detecting disease? Very important if you need to rule disease out! Memory tool: in the word Sensitivity, S and N are highlighted, next to the word Snout. S and N are highlighted in red and 'out' is highlighted in blue.] [image: If sensitivity is high, you are confident that your test accurately captures all the positives so a negative isn't likely to be really positive. Rule it OUT! Below: Two-by-two table as found in Chapter 3 Part 1 Summary. Sensitivity equals TP/(TP+FN). Also seen as A/(A+C). Specificity: Is the test good at detecting when there is no disease? Very important when you need to rule disease IN! Memory tool: in the word Specificity, S and P are highlighted, next to the word Spin. S and P are highlighted in red and 'in' is highlighted in blue.] [image: If specificity is high, you are confident that your test accurately captures all the negatives so a positive isn't likely to be really negative. Rule it IN! Below: Two-by two table as found in Chapter 3 Part 1 Summary. Specificity equals TN/(TN+FP). Also seen as D/(B+D). Box 3. The relationship between sensitivity and specificity. Balance Between the Two: Left is distribution curve labelled TN (healthy), negative test result. Right is another distribution curve labelled TP (diseased), positive test result. The tails of both distributions overlap with each other, with red dotted line (cutoff) indicating the intersection of their curves. The area to the left of the cutoff in which the TP curve overlaps with TN represents FN. The area to the right of the cutoff in which the TN curve overlaps with TP represents FP.] [image: TN curve (left) overlaps with TP (right) curve. Red dotted line (cutoff) intersects with both curves, equals happy medium. Left: ruled out (actually negative). Right: ruled in (actually positive). Ex: More important to identify those with a concussion but not at the expense of having people overdiagnosed. You have false positives and false negatives. If positive, there is a chance you are negative. If negative, there is a chance you are positive. Test is mostly valid and reliable. If incorrect diagnosis (dx) harms people, balance is key (ex: test in utero for birth defect)] [image: Optimally, you want 100% sensitivity and 100% specificity but often it is a balance. Above, neither is 100% but they are balanced (some FP and an equal amount of FN). IF we want to capture all cases, we have to more the cutoff value of the test to the left. This will result in more false positives. Maximize Sensitivity: TN curve (left, negative test result) overlaps with TP (right, positive test result). The area where both overlap represents FP when cutoff (red dotted line) intersects the TN curve, but not really the TP curve. When might we want this? We know some tests (Ex: rapid HIV) are going to have false positives. They are intended to help catch as many positives as possible so we back it up with a more accurate blood test on all positive from rapid testing to better rule OUT the diagnosis. If initial does minimal/no harm, maximize: pregnancy test, flu screen, UTI screen.] [image: Overlap of TN and TP curves as found in Chapter 3 Part 4 Summary. Cutoff to left of tail of TP curve, another line to right of tail end of TN curve. In between these lines, these will test positive. Some are, some are not. Left cutoff line is 100% sensitivity. More important to correctly identify those with a concussion than determine they do not. In this example, you only have false positives. If positive, there is a chance you are negative. If negative, you are definitely negative (remember: Snout)] [image: Maximize Specificity: TN curve (left) overlaps with TP (right). The area where both overlap represents FN when cutoff (red dotted line) intersects the TP curve, but not really the TN curve. When might we want this? Sometimes it is very important to be definitive that someone does have a disease or outcome, for example a fatal disease or Syphilis when pregnant. In these cases, a false positive test could cause more harm than good so we maximize our ability to rule disease IN. Cutoff to right of tail end of TN curve, another line to left of TP curve. In between these lines, these will test negative. Some are, some are not. Right cutoff line is 100% specificity.] [image: In this example, you only have false negatives. If negative, there is a chance you are positive. If positive, you are definitely positive (remember: Spin). The higher the sensitivity, the lower the specificity. The higher the specificity, the lower the sensitivity. If both are low, the test is neither valid nor reliable, so do not use. B) How good is this test in my population? Predictive value positive and negative. Requires local prevalence information! 1) Predictive value positive (PPV): Does my patient with a positive test really have the disease?] [image: Two-by-two table with new test and gold standard (as found in Chapter 3 Part 1 Summary). PPV equals TP/(TP+FP). Also seen as A/(A+B). If specificity increases, so does PPV because TN increases. 2) Negative predictive value (NPV): Does my patient with a negative test really not have the disease? Two-by-two table with new test and gold standard. NPV equals TN/(TN+FN). Also seen as D/(C+D).] [image: If prevalence is high, PPV is high and NPV is low. If prevalence is low, PPV is low and NPV is high. Example 1: You have 1000 patients and a local prevalence of 0%. The sensitivity of your test is 80% and the specificity if 87%. 1000*0% equals 0 patients with the disease (A+C). 1000-0 equals 1000 patients without the disease (B+D). 1000*0.87 equals 870 people who are true negatives. Specificity equals TN/(TN+FP). 0.87 equals x/1000, so there are 870 TN. Total minus TN equals 1000 minus 870, so there are 130 FP.] [image: Gold standard is reliable and valid (x-axis of 2 by 2 table). Other test or tool (y-axis of table). Table: 0 in A, 0 in C, 130 in B, 870 in D. PPV equals A/(A+B) or 0/130, so PPV is 0%. NPV equals D/(C+D) or 870/870, so NPV is 1 or 100%. If sensitivity is 80%, specificity is 87%, and prevalence is 0%, PPV is 0% and NPV is 100%. Example 2: You have 1000 patients and local prevalence is 10%. The sensitivity is 80% and the specificity is 87%. 1000*10% equals 100 patients with the disease (A+C). 1000-100 equals 900 patients without the disease (B+D). 900*0.87 equals 783 people who are true negatives. 900 minus 783 equals 117, which is the number of FP. Your test correctly identified 783 negative patients but missed 117 negative patients.] [image: Gold standard is reliable and valid (x-axis of 2 by 2 table). Other test or tool (y-axis of table). Two-by-two table with new test and gold standard. A is 80, C is 20, B is 117, D is 783. You know the sensitivity is 80%. 100*0.80 equals 80 TP. 100 minus 80 equals 20 FN. Your test correctly identified 80 positive patients but missed 20 positive patients. If sensitivity is 80%, specificity 87%, and prevalence is 10%, then: PPV equals A/(A+B), which is 80/197, equal to 0.41 or 41%. NPV equals D/(C+D), which is 783/803, equal to 0.98 or 98%.] [image: Example 3: You have 1000 patients and local prevalence is 80%. The sensitivity is 80% and the specificity is 87%. 1000*80% equals 800 patients with the disease (A+C). 1000-8000 equals 200 patients without the disease (B+C). 200*0.87 equals 174 people who are true negatives. 200-174 equals 26 FP. Your test correctly identified 174 negative patients but missed 26 negative patients. Two-by-two table with new test and gold standard. B is 26, D is 174, and you know A+C is 800 and B+D is 200. You know the sensitivity is 80%. To find true positives, take 800*0.80, which equals 640 TP. To find false negatives, take 800 minus 640, which equals 160 FN.] [image: Your test correctly identified 640 positive patients but missed 160 positive patients. Two-by-two table: A is 640, C is 160, B is 26, and D is 174. PPV equals A/(A+B), which is 640/666, or 0.96). NPV equals D/(C+D), which is 174/334, or 0.52. When sensitivity is 80% and specificity is 87%, with a prevalence of 80%, PPV is 96% and NPV is 52%.]
 
	

			
			


		
	