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The clinician’s guide to p values, confidence intervals, and
magnitude of effects
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INTRODUCTION
There are numerous statistical and methodological considerations
within every published study, and the ability of clinicians to
appreciate the implications and limitations associated with these
key concepts is critically important. These implications often have
a direct impact on the applicability of study findings – which, in
turn, often determine the appropriateness for the results to lead to
modification of practice patterns. Because it can be challenging
and time-consuming for busy clinicians to break down the
nuances of each study, herein we provide a brief summary of 3
important topics that every ophthalmologist should consider
when interpreting evidence.

P-VALUES: WHAT THEY TELL US AND WHAT THEY DON’T
Perhaps the most universally recognized statistic is the p-value.
Most individuals understand the notion that (usually) a p-value
<0.05 signifies a statistically significant difference between the
two groups being compared. While this understanding is shared
amongst most, it is far more important to understand what a
p-value does not tell us. Attempting to inform clinical practice
patterns through interpretation of p-values is overly simplistic, and
is fraught with potential for misleading conclusions. A p-value
represents the probability that the observed result (difference
between the groups being compared)—or one that is more
extreme—would occur by random chance, assuming that the null
hypothesis (the alternative scenario to the study’s hypothesis)
is that there are no differences between the groups being
compared. For example, a p-value of 0.04 would indicate that
the difference between the groups compared would have a 4%
chance of occurring by random chance. When this probability is
small, it becomes less likely that the null hypothesis is accurate—
or, alternatively, that the probability of a difference between
groups is high [1]. Studies use a predefined threshold to
determine when a p-value is sufficiently small enough to support
the study hypothesis. This threshold is conventionally a p-value of
0.05; however, there are reasons and justifications for studies to
use a different threshold if appropriate.
What a p-value cannot tell us, is the clinical relevance or

importance of the observed treatment effects. [1]. Specifically,
a p-value does not provide details about the magnitude of
effect [2–4]. Despite a significant p-value, it is quite possible for the
difference between the groups to be small. This phenomenon is
especially common with larger sample sizes in which comparisons
may result in statistically significant differences that are actually
not clinically meaningful. For example, a study may find a
statistically significant difference (p < 0.05) between the visual

acuity outcomes between two groups, while the difference
between the groups may only amount to a 1 or less letter
difference. While this may be in fact a statistically significant
difference, the difference is likely not large enough to make a
meaningful difference for patients. Thus, p-values lack vital
information on the magnitude of effects for the assessed
outcomes [2–4].

OVERCOMING THE LIMITATIONS OF INTERPRETING P-VALUES:
MAGNITUDE OF EFFECT
To overcome this limitation, it is important to consider both (1)
whether or not the p-value of a comparison is significant
according to the pre-defined statistical plan, and (2) the
magnitude of the treatment effects (commonly reported as an
effect estimate with 95% confidence intervals) [5]. The magnitude
of effect is most often represented as the mean difference
between groups for continuous outcomes, such as visual acuity on
the logMAR scale, and the risk or odds ratio for dichotomous/
binary outcomes, such as occurrence of adverse events. These
measures indicate the observed effect that was quantified by the
study comparison. As suggested in the previous section, under-
standing the actual magnitude of the difference in the study
comparison provides an understanding of the results that an
isolated p-value does not provide [4, 5]. Understanding the results
of a study should shift from a binary interpretation of significant vs
not significant, and instead, focus on a more critical judgement of
the clinical relevance of the observed effect [1].
There are a number of important metrics, such as the Minimally

Important Difference (MID), which helps to determine if a
difference between groups is large enough to be clinically
meaningful [6, 7]. When a clinician is able to identify (1) the
magnitude of effect within a study, and (2) the MID (smallest
change in the outcome that a patient would deem meaningful),
they are far more capable of understanding the effects of a
treatment, and further articulate the pros and cons of a treatment
option to patients with reference to treatment effects that can be
considered clinically valuable.

THE ROLE OF CONFIDENCE INTERVALS
Confidence intervals are estimates that provide a lower and upper
threshold to the estimate of the magnitude of effect. By
convention, 95% confidence intervals are most typically reported.
These intervals represent the range in which we can, with 95%
confidence, assume the treatment effect to fall within. For
example, a mean difference in visual acuity of 8 (95% confidence
interval: 6 to 10) suggests that the best estimate of the difference
between the two study groups is 8 letters, and we have 95%
certainty that the true value is between 6 and 10 letters. When
interpreting this clinically, one can consider the different clinical
scenarios at each end of the confidence interval; if the patient’s
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outcome was to be the most conservative, in this case an
improvement of 6 letters, would the importance to the patient be
different than if the patient’s outcome was to be the most
optimistic, or 10 letters in this example? When the clinical value of
the treatment effect does not change when considering the lower
versus upper confidence intervals, there is enhanced certainty that
the treatment effect will be meaningful to the patient [4, 5].
In contrast, if the clinical merits of a treatment appear different
when considering the possibility of the lower versus the upper
confidence intervals, one may be more cautious about the
expected benefits to be anticipated with treatment [4, 5].

CONCLUSION
There are a number of important details for clinicians to consider
when interpreting evidence. Through this editorial, we hope to
provide practical insights into fundamental methodological
principals that can help guide clinical decision making. P-values
are one small component to consider when interpreting study
results, with much deeper appreciation of results being available
when the treatment effects and associated confidence intervals
are also taken into consideration.
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