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The previous column introduced probability and odds'. This column will build on those
pieces to introduce odds ratios and risk ratios, two very useful ways of describing the
likelihood of an occurrence between different groups.

When discussing both odds ratios and risk ratios, exposures and events are often mentioned.
Often, these can be discussed in terms of disease and negative outcomes, such as exposure to
cigarette smoke and developing lung cancer. However, exposure or event can be interpreted
more broadly. An event might be considered the outcome of interest, while the exposure
might be considered an intervention or some sort of change in condition. For example, if we
were flipping a coin and wanted to know whether using the left or right hand had an impact on
whether the coin landed on heads or tails, landing on heads or tails would be the event, while
the right or left hand would be the exposure.

An odds ratio is a ratio of ratios. Recall from the previous column that “odds” means the “the
probability of an event occurring divided by the probability of it not occurring.” An odds ratio
is calculated by taking the odds of an event in one group (the exposed group), and dividing it
by the odds of the event happening in the unexposed group. Using the table, an odds ratio
would be calculated as (a/b) / (c/d).

Table 1. 2x2 table to calculate odds ratios and risk ratios

Event
Yes | No

Exposure Yes | a b
No | ¢ d

A risk ratio, also called relative risk, is the ratio of two probabilities: the probability (or risk)
of an event happening in the exposed group, and the probability (or risk) of it happening in
the unexposed group. Remember from the previous column that the definition of probability
is “how likely it is that an event would occur.” A risk ratio would be calculated as (a/ (a + b))

/(c/(c+d)).

A Practical Application

Imagine that a medical library is having an issue with patrons not returning their materials on
time, despite a reminder being emailed to them a week before the item is due. The library is
wondering whether sending a text message on the day the item is due would improve the
number of on-time returns. To test out this idea, they randomly divide their patrons with
materials into two groups: the group that will receive both the email and text message (the
exposed group), and the group that will receive only the email (the unexposed group). They
count how many of the items from each group are returned on time. They test out using this
text message reminders for one month.

Table 2. On-time returns and late-returns at one library during a pilot

On Time Returns | Late Returns
Exposed (Email + Text) | 132 175
Unexposed (Email) 117 198
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If we were to calculate the odds ratio, it would be as follows:

a/b _ 132/175 _ 0.754 1076
c/d 117/198  0.591

If we were to calculate the risk ratio, it would be as follows:

G (o) Gy 043

N 71 = 17y =
(0 () (9 0371

1.16

Odds ratios and risk ratios seem to be fairly close, and in our above example, we might draw
some fairly similar conclusions: people who receive both an email and a text seem to be more
likely to return materials on time than those who receive only email. When looking at the RR,
we could conclude that the group who received both email and text were 16% more likely to
return materials on time compared to the email alone group. The OR would suggest that the
odds of returning materials on time are about 28% higher in the email and text group.

The risk ratio focuses on how likely an event is to happen in one group or another, and it
doesn’t consider how likely the event is to not happen. In contrast, the odds ratio compares
the odds (or chances) of something happening in one group to the odds of it happening in
another. The risk ratio can be a bit more immediately intuitive, and the odds ratio is
sometimes used in more sophisticated calculations or in cases where it’s not possible to
calculate the risk (for example, in a case-control study when you purposefully select
participants based on outcomes).

Let’s imagine that the library that started this text message initiative shared this information
with other libraries in their system, who also decided to implement a pilot. There is
enthusiasm to see whether implementing this system-wide would improve return rates
generally. To help test this initiative, four libraries implement the text message reminder for
half of their patrons for one month and track the returns data.

Table 3. On-time returns, late returns, and odds and risk ratios for four libraries participating
in a pilot

Library g:t:;i;r;e Late Returns | Odds Ratio | Risk Ratio
Library 1 E’;}Zﬁ;ﬁe - ﬁi i;g 1.28 1.16
Library 2 E’;‘;ﬁ;ﬁe - ;4 3(8) 2.03 1.93
Library 3 g’r‘gzﬁe < g; g 0.59 0.98
Library 4 E’;‘;ﬁ;‘; - 57 ;g 8.63 176

For Library 2, on-time returns are rare (10% vs. 5%), and the OR (2.03) and RR (1.93) are
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very similar. In Library 3, on-time returns are very common (95% vs. 97%), and the OR
(0.59) exaggerates the difference compared to the RR (0.98).

Understanding why this happens requires examining how odds ratios work. Odds ratios
compare the odds of an event happening and the odds of it not happening between two
groups. In Library 3, the exposed group had 97 on time returns per 5 late returns (odds =
19.4), while the unexposed group had 99 on time returns per 3 late returns (odds = 33). Both
groups had very high on-time return rates (95% vs. 97%), but the odds are very different
because we are dividing by such a small number of late returns.

In contrast, in Library 2, most items are returned late in both groups. Because of this, the
denominators (128 late returns in the exposed group, 130 in the unexposed group) are large
and similar to the total sample size. Remember that risk ratio uses the total sample size for
each group, while an odds ratio is the ratio of events to non-events. When the number of
non-events is similar to the total sample size, the odds ratio and risk ratio are also similar.
Generally, for common events, the risk ratio is preferred, while either the odds ratio or the risk
ratio can be used when events are rare.

If we look more closely at Library 1, we also see that the differences between the two groups
are quite small. Among the patrons who received a text message, 43% of the items were
returned on time. Among those who didn’t receive a text message, 37% of the items were
returned on time. The OR (1.28) and the RR (1.16) are relatively close together. If we
compare that to Library 4, where 90% of materials in the exposed group were returned
compared to 51% in the unexposed group, the OR (8.63) and RR (1.76) are quite different.
Generally, the larger the difference between groups, the larger the difference between OR and
RR, and the odds ratio will appear to exaggerate the difference. For that reason, risk ratio may
be preferable in cases where there are large differences in event rates between groups, while
either odds ratios or risk ratios can be used when differences are small.

Interpreting Odds Ratios and Risk Ratios

Odds ratios and risk ratios can be interpreted in the same way. Where the OR or RR =1, it
means that there is no association between the exposure and the event. Where the OR or RR
is greater than 1, it means that the odds or risks are higher for the exposed group, while where
the OR or RR is less than 1, it means that the odds or risks are lower for the exposed group®™.

We calculate OR and RR in part so that we can generalize to a larger population. In our
example, we are interested in learning whether or not adding the text message reminder
improves on-time returns for all libraries in our system over time. With OR and RR, we can
assess this using confidence intervals, which are most frequently calculated as 95%
confidence intervals, but could also be at other levels, such as 90% or 99%.

A confidence interval (or CI) represents uncertainty about where the true value lies, where the
true value refers to the OR or RR for the broader population we’re trying to understand. A
95% confidence interval tells us that we can be 95% confident that the true value falls
somewhere within this range.

For the first library (shown in Table 2), the 95% confidence interval for the odds ratio (1.28) is
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0.93-1.76. This range includes 1, which means that the result is not statistically significant.
Recall that an OR or RR equal to 1 means that there is no association between the exposure
and the event. If our CI includes 1, this means it is possible that, for our broader population
(in this case, all system libraries over time), the true value is 1 and therefore there is no
association between exposure and outcome. In general, when a 95% CI includes 1, the
p-value is greater than 0.05; when it does not include 1, the p-value is less than 0.05.

The width of the CI can also provide us with some insight>. Where the CI is narrow (meaning
that the range between the lower CI and upper CI is small), this indicates greater precision,
while a wider CI would indicate lower precision. In this context, precision refers to how much
uncertainty there is in the estimate. High precision indicates that there is a smaller range of
plausible values and that we are confident that the true value lies within this smaller range.
Higher precision typically comes from larger sample sizes or less variability in the data.

Beyond statistical significance and precision, it’s also important to remember that a result
might be statistically significant but may not be important from a practical standpoint. For
example, an OR of 1.05 with a CI of 1.01-1.09 is significant. However, knowing that the odds
are 5% higher (and that the increase in odds is likely between 1% and 9%) may not be large
enough to warrant the investment of time, energy and resources to implement a particular
Initiative.

Conclusion

Understanding the distinctions between odds ratios and risk ratios, including when they
should be used and how to interpret them, can equip librarians as information consumers,
helping us to critically evaluate research findings, and can strengthen our practice by enabling
us to make evidence-informed decisions based on data. However, while statistics can provide
valuable information, they should always be considered alongside the practical significance
and local context.
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