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Over the next 2 (!!) hours…..

•What can you expect from 
us?

•What won’t be covered?

•What do we expect from 
you?

Where do you typically get 
your information from?

Drug representatives?

In 2008, industry spent approximately 
$57.5 billion on marketing to physicians 
for an average of $61,000 per physician.1
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Studies have demonstrated that the rate of drug 
prescriptions by physicians significantly increases 
after they see drug representatives or accept 
samples from drug representatives.2

CE courses?

In 2006, industry covered the cost of 
approximately 61% of CE courses in the US 
for a total sum of approximately $1.45 
billion.1

Studies have shown physicians involved with drug 
companies or attending CE sponsored by industry 
are more likely to request the company’s drugs be 
included on hospital formularies, are more likely 
to prescribe the company’s drug, and are less 
likely to prescribe generic medications.2

Research articles?

Do you only read the abstracts?

90% of industry-funded articles reported results that 
were favorable to the company in the abstract.3

Only 38% of industry-funded articles reported results in 
the abstract that matched the statistically significant 
primary outcome measures reported in the body of the 
article.3
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AOA Clinical Practice Guidelines? School notes?

What is evidence-based medicine?

Why do we need evidence-based medicine?

Prescribe glasses → pa ents see be er = 
our treatment worked!

Remove cataracts → pa ents see be er = 
our treatment worked!

https://writingisfun-damental.com
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“As Henry G. Felson, a humorist and no medical 
authority, pointed out quite awhile ago, proper 
treatment will cure a cold in seven days, but left 

to itself a cold will hang on for a week.”4

Regression to the mean

Observer bias

Study bias

“…one of the most important and least 
noticed scientific breakthroughs of the 20th

century – the randomized, double-blind, 
placebo-controlled study”5

How well do we apply evidence-based 
medicine to clinical practice?

In a survey of optometrists, 17% responded that 
evidence-based practice is important or at least a 
positive factor in clinical practice.6

7.4% responded that evidence-based practice is 
unimportant or unhelpful or thought there was 
insufficient evidence to apply in the practice of 
optometry.6

75% chose not to comment on evidence-based 
medicine in clinical practice.6

Time to do some examples…
1. You are reviewing 2 trials that aim to reduce development
of glaucoma by reducing IOP by at least 20% in patients with
ocular hypertension. The 1st trial reports a 50% reduction in
the development of glaucoma. The 2nd trial found a 5% 
reduction in the development of glaucoma.

a) Which trial had the better outcome?
b) What is the number of patients need to treat in each trial to

benefit 1? (prevent 1 case of glaucoma)
c) What is the number of patients harmed?

19 20 21
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Example 2
2. You review an abstract of an article comparing IOP control in 
patients on bimatoprost 0.03% vs latanoprost 0.0005% for 30 
days. The conclusions in the state that “At the end of this
30 day trial, once daily bimatoprost 0.03% provided better 
diurnal intraocular pressure (IOP) control than 
latanoprost”.7

a) Should bimatoprost be prescribed in preference to 
latanoprost?

Example 3
3.You are reviewing glaucoma therapeutic trials. In one trial 
they asked 8 subgroup questions and reported that
prostaglandin A was significantly better than prostaglandin B
(p<0.05) in one of the subgroup analyses. A second trial with 
the same design comparing 2 different prostaglandins (C&D) 
found no significant difference with a p value of 0.32.7

a) Which prostaglandin is significantly better? A, B, C, or D?

Example 4
4. You run an OCT RNFL on Mrs. I. Ball and note a red 
quadrant on her right eye.

A. What is the likelihood (percent chance) that Mrs. Ball at has 
glaucoma?

Example 5
5. You accepted a new job as an optometrist at Eye Docs 

Rule Clinic. The clinic runs a VF test on all patients as part 
of a screening for glaucoma. The VF test you are using 
has a 90% sensitivity and 90% specificity.  Mr. C. Good is
new to your clinic and has an abnormal visual field test
consistent with glaucoma.

a) Is a test with 90% sensitivity and 90% specificity a good test?

b) What is the likelihood that Mr. Good has glaucoma?

Therapeutic
Trials

A quick review….
p-value =2 * P(TS |ts| | H0 is true) =2 * (1 - cdf(|ts|))

Just 
Kidding!
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Where to start?

BE INTENTIONAL!!!

1. What is the natural history of the disease?

2. What are the symptoms of the disease?

3. What do I already know about treatment options for 
this disease?

4. What is my philosophy in the management of this 
disease?

Some quick basics 1st
• Yes, these actually ARE important:

1. Randomization

2. Blind/masked

3. Control group

Outcomes and surrogates

• What surrogates are appropriate?10

• When can they be misleading?10

Power!
• What does 80% power mean?9

• When do we use this 
statistic?9

P Value and Confidence Intervals
• What does p<0.05 mean?8,10, 11, 20

• What doesn’t it mean?

• What is the confidence interval (CI)? 8,10, 11

• Why bother with the CI if it is statistically
significant?

P-Value and CI

31 32 33

34 35 36
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Relative risk vs. absolute risk
• What is absolute risk reduction (ARR)?5, 10, 12, 21, 22

●ARR =
●Example: 30% of patients in placebo (Tx 1)- 15% in Tx 2 = 15% ARR

• What is relative risk reduction (RRR)? 5, 10, 12, 21, 22

●RRR = ARR/Risk in Tx 1
●Example: 15% ARR/30% placebo = 50%

% Outcomes in Tx 1 - % Outcomes in Tx 2

Number Needed to Treat (Harm) -NNT

How many patients do you have to treat to benefit 1? 8

NNT = 1/ARR

Number Needed to Treat/Harm15, 16, 17, 18, 

(NNT/NNH)
Example Control Tx ARR NNT RRR Odds 

Against 
Helping

% Not 
Helped

%
Harmed

OHTT 10% 5% 5% 20 50% 19:1 95% 100%

PRP for  
PDR

25% 12.5% 12.5% 8 50% 7:1 87.5% 100%

EMGT 62% 46% 16% 6.25 25% 5:1 84% 100%

Lucentis  
for AMD

95% 65% 30% 3 33% 2:1 70% 100%

Extreme 
Example

1% 0.5% 0.5% 200 50% 199:1 99.5% 100%

What was the original risk?

37 38 39

40 41 42
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Why does this matter?
-- Example Question 1…

You are reviewing 2 trials that aim to reduce the development of glaucoma by 
reducing IOP by at least 20% in patients with ocular hypertension. The 1st trial 
reports a 50% reduction in the development of glaucoma. The 2nd trial found a 5% 
reduction in the development of glaucoma.

a) Which trial had the better outcome?
b) What is the number of patients need to treat in each trial to 

benefit 1? (prevent 1 case of glaucoma)
c) What is the number of patients harmed?

Danger, Danger, Danger - of Subgroup analysis8, 23, 24

1. Asking too many questions
- What P value should we hold the study to?

Bonferroni Correction: significance value
number of tests

For a study asking 5 questions:
- p< 0.05→ new p value = 0.05/5 = 0.01
- p< 0.01→ new p value = 0.01/5=0.002
- p<0.001→ new p value = 0.001/5= 0.0002

What is the chance of finding at least 1 false positive when asking 
multiple questions?

For a P=0.05 test8:
1-(0.95)n where n = # of questions asked

43 44 45

46 47 48
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Too Many Questions – Examples
•The AREDS study asked at least 59 primary outcome
questions on visual acuity alone. 19

• Identified 1 statistically significant finding with a  p<0.01. 
•Bonferroni Correction: statistically significance should have 
been held to p<0.0001. 
•Chance of spurious result = 1-(0.99)59

•45% chance of finding a spurious positive result that looks
statistically significant to the p<0.01 level.

Answering Example 2
You review an abstract of an article comparing IOP control in
patients on bimatoprost 0.03% vs latanoprost 0.0005% for 30
days. The conclusions in the state that “At the end of this
30day trial, once daily bimatoprost 0.03% provided better
diurnal intraocular pressure (IOP) control than latanoprost”.

a) Should bimatoprost be prescribed in preference to 
latanoprost?

Answering Example 3
You are reviewing glaucoma therapeutic trials. In one trial they 
asked 8 subgroup questions and reported that prostaglandin A 
was significantly better than prostaglandin B (p<0.05) in one of 
the subgroup analyses. A second trial with the same design 
comparing 2 different prostaglandins (C&D) found no 
significant difference with a p value of 0.32.

a) Which prostaglandin is significantly better? A, B, C, or D?

Dangers of Subgroup analysis
2. Combining Groups

- NTG Study Example

- AREDS Study Example

3. Pre-hoc hypothesis

Dangers of subgroup analysis
4. Must have a large effect size

- The fragility index

5. Results need to be repeated

Rule of 3
• What is the rule of 3?

- If a particular event did not occur in a trial, the interval from 0 to 3/sample 
size is a 95% confidence interval for the rate of occurrences in the
population.11

• When should we use it?
- What would be a reasonable complication we should look for in the trial?

49 50 51

52 53 54
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DIAGNOSTIC TRIALS When should we perform a 
diagnostic test?

When the test will provide us with information 
that will CHANGE our management strategy!

What do we need to know before we 
read articles or listen to CE on 

diagnostic tests?
Prevalence = the percentage of patients 
who have a condition at a given time.

What population did the study perform the 
diagnostic test on?

55 56 57

58 59 60
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A diagnostic test most helpful to us if our patient is 
SIMILAR to the patients in the study population.

We must objectively evaluate ALL clinical information in 
addition to the diagnostic test to determine the correct 
diagnosis rather than only relying on information from the 
diagnostic test.

What is the gold standard diagnostic test?

Tear osmolarity has a sensitivity of 72.8% and a specificity 
of 92% for diagnosing dry eye disease when compared to 
the “gold standard” composite disease severity index 
score based on TBUT, corneal staining, conjunctival 
staining, Schirmer test, and the grading of meibomian 
glands.27

InflammaDry® has a sensitivity of 85% and a specificity 
of 94% for diagnosing dry eye disease compared to the 
“gold standard” clinical assessment for dry eyes based 
on OSDI questionnaire results, fluorescein TBUT, corneal 
fluorescein staining, and Schirmer test.28

61 62 63

64 65 66



8/20/2021

12

“No single “gold standard” sign or symptom that 
correlates perfectly with the DED state has been 
established…there is a significant overlap between 
normal and DED distributions of currently available 
metrics, as all signs and symptoms fluctuate over time 
and vary significantly within different levels of disease 
severity.”29

Studies have shown that InflammaDry® has a sensitivity of 
only 11% and tear osmolarity has a sensitivity of 73% and a
specificity of 67% when applied to a broad patient 
population.29

We should question the usefulness 
of a new diagnostic test if it has 

been compared to an inappropriate 
“gold standard.”

What’s wrong with giving averages?

astrologymemes.com

30

0 20 40 60 80 100 120 140 160

Average RNFL Thickness

Normals
Glaucoma

67 68 69
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Pre-perimetric glaucoma

Glaucoma

Sensitivity = the ability of a test to accurately find 
those patients who have disease

Specificity = the ability of a test to accurately find 
those patients who do not have disease

Your clinic performs a visual field test on every 
patient to screen for glaucoma.  The visual field 
test you are using has 90% sensitivity and 90% 
specificity.  Mr. C. Good is new to your clinic and 
has an abnormal visual field.  What is the 
likelihood that Mr. Good has glaucoma?

There is an 8.3% chance that your patient 
with an abnormal visual field has glaucoma!

Positive predictive value (PPV) = what is the likelihood 
your patient has the disease if the test is positive?

Negative predictive value (NPV) = what is the likelihood 
your patient does not have disease if the test is negative?

1,000 patients

10 patients (+) glaucoma 990 patients (-) glaucoma

9 TP 1 FN 891 TN 99 FP

1% prevalence

90% sensitivity 90% specificity

PPV = 9 TP / 108 total positives = 8.3% chance the patient has glaucoma if 
the VF is abnormal

NPV = 891 TN / 892 total negatives = 99% chance the patient does not 
have glaucoma if the VF is normal

79 80 81

82 83 84
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1,000 patients with IOP > 21 mmHg

100 patients (+) glaucoma 900 patients (-) glaucoma

90 TP 10 FN 810 TN 90 FP

10% prevalence

90% sensitivity 90% specificity

PPV = 90 TP / 180 total positives = 50% chance the patient has glaucoma if 
the VF is abnormal

NPV = 810 TN / 820 total negatives = 98% chance the patient does not 
have glaucoma if the VF is normal

PPV, NPV, and Bayesian analysis influence our 
post-test probability, which influences our 
decision to initiate treatment.

www.pajiba.com

“The probability of a woman between 
40-50 having breast cancer is 0.8%.  
The probability of a woman with 
breast cancer having a positive 
mammogram is 90%.  The probability 
of a woman without breast cancer 
having a false positive mammogram is 
7%.  Ursula K has a positive 
mammogram result.  What is the 
probability she has breast cancer?”31

“One third of physicians in a German teaching hospital 
thought the probability was 90%; one sixth of physicians 
thought the probability was 1%.  It makes a big 
difference which doctor is on duty when Ursula K 
comes in for her results!”31

Evidence-based pre-test probability of pneumonia = 25-42%
Physician mean pre-test probability = 80%

Evidence-based post-test probability after (+) chest x-ray = 46-65%
Physician mean post-test probability = 90%

After a positive chest x-ray, 99.6% of physicians stated they would initiate 
treatment with antibiotics.

85 86 87

88 89 90
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Evidence-based post-test probability after (-) chest x-ray = 10-19%
Physician mean post-test probability = 50%

After a negative chest x-ray, 72.5% of physicians stated 
they would initiate treatment with antibiotics.

Overestimating the likelihood of a disease because we 
do not understand PPV, NPV, and Bayesian analysis 
results in overtreatment and harm to the patient.

Regression to the mean

“John Allen Paulos proposes that regression to the 
mean could explain the legendary Sports Illustrated 
jinx: the longstanding observation that quite often, 
after an athlete appears on the cover of Sports 
Illustrated, that person goes into decline…Such 
unstellar turns could result from the pressure of 
fame, or a superstition subsumed into self-fulfilling 
prophecy, but Paulos thinks otherwise.  ‘When do 
you appear on the cover of Sports Illustrated?  
When you’ve done extraordinarily well for a period 
of time and are at the top of your game,’ he said.  
‘By implication, you’re not going to be able to 
maintain your outlier status very much longer.’  You 
are going to start regressing, however slightly, back 
towards the mean streets of mean.” 

86% of patients diagnosed with glaucoma based on 
abnormal visual fields had NORMAL visual fields on 
subsequent testing over the 5-year follow up period.34

After changing the protocol for diagnosing glaucoma 
based on visual fields, 12% of patients had NORMAL 
visual fields on subsequent testing.34

An initial elevated IOP reading may need to be confirmed 
before we initiate treatment.

The first abnormal visual field may need to be confirmed 
before we initiate treatment.

91 92 93

94 95 96
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https://medium.com/seek-blog/how-to-lie-with-statistics

0 ≤ r ≤ +1

35

-1 ≤ r ≤ 0 

35

r2 = Coefficient of Determination
r = 0.69
r2 = 0.48

36

r2 ≥ 0.8 is considered a strong correlation

If two diagnostic tests are strongly correlated, we 
can substitute one diagnostic test for another!

97 98 99

100 101 102
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r = 0.69
r2 = 0.48

36

Can we substitute RNFL OCT for 
the visual field?

37

37

We CANNOT substitute RNFL OCT in 
place of visual fields.

103 104 105

106 107 108
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