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Take-home points
® The odds ratio (OR) shows the association between

test results and the presence or absence of a

disease in diagnostic research studies and can be

obtained from both case-control and diagnostic

cohort designs.

The OR approximates the relative risk (RR), which

cannot be obtained from the case-control design,

when the disease prevalence in the population of

interest is very low.

® The hazard ratio (HR) shows the association
between test results and the events occurring over
time and contextualizes the RR of the events in a
time-to-event analysis.

® Reporting OR and HR should include a clear
definition of events, a specification of the
reference category for categorical variables, and a
description of the one-unit amount for continuous
variables.

The odds ratio (OR) is a statistic commonly used to
show the strength of association between test results
(such as imaging findings) and the presence or absence

Received: April 11, 2022 Accepted: April 11, 2022
Corresponding author: Seong Ho Park, MD, PhD, Department of
Radiology and Research Institute of Radiology, University of Ulsan
College of Medicine, Asan Medical Center, 88 Olympic-ro 43-gil,
Songpa-gu, Seoul 05505, Korea.

© E-mail: seongho@amc.seoul.kr

This is an Open Access article distributed under the terms of

the Creative Commons Attribution Non-Commercial License
(https://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

Copyright © 2022 The Korean Society of Radiology

of a disease in diagnostic research studies. Similarly, the
hazard ratio (HR) is frequently used in diagnostic research
studies to show the association between test results and
events occurring over time [1]. Although these statistics
are widely used in radiology research, it is not rare to see
them described or interpreted unclearly or imprecisely in
diagnostic research manuscripts, particularly at the peer
review stage before publication. Therefore, this article aims
to promote a clearer and more accurate reporting of OR and
HR in diagnostic research studies.

How to Calculate and Report OR

OR is the ratio between the odds values. 0dds are defined
as the probability that the event will occur divided by the
probability that the event will not occur as follows:

0dds = Probability
(1-probability)

Therefore, odds and probability are different ways of
expressing the same concept—how likely it is that an event
will occur?

The OR can be obtained from both case-control and
diagnostic cohort (or more generally referred to as cross-
sectional) designs (Fig. 1). The diagnostic cohort design
selects all participants together from the population
of interest, whereas the case-control design selects
participants based on the column variable (i.e., D+ vs. D-)
in the diagnostic cross-table, as shown in Figure 1 [2,3].
Taking the diagnosis of lung cancer (D+ vs. D-) according to
the findings on chest computed tomography (CT) (F+ vs.
F-) as an example, the diagnostic cohort design defines the
population of interest by establishing certain eligibility
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All D+
subjects

All D-
subjects

Case-control design
| |

Sampling of ~ Sampling of
M* fraction N* fraction
D+ D-
F+ a (= AM) b (= BN)
F- c(=CM) d (= DN)

*M and N are theoretical notions and unknown
in studies, and a, b, ¢, and d are only observed.

Population
of interest

Diagnostic cohort
(or cross-sectional) design

D+ D-
F+ A B
F- C D

Fig. 1. Diagnostic cross-tables showing the case-control and diagnostic cohort designs. D+ = patients with the disease, D- = patients
without the disease, F+ = patients with a finding in the test, F- = patients without a finding in the test

criteria (for example, adults aged 55 years and older with

X pack-year smoking history) and recruits all patients

who meet the criteria. Some of the recruited patients may
have lung cancer according to the natural prevalence,

and patients will have F+ and F- on chest CT according

to the natural distribution of the CT findings. Therefore,

all numbers (A, B, C, and D) in the diagnostic cross-table
shown in Figure 1 are naturally determined. In contrast, the
case-control design separately collects a certain number

of participants with (case) and without (control) lung
cancer, and the case-to-control ratio is arbitrarily chosen
by the researchers (determined by M and N in Fig. 1). In
retrospective diagnostic research studies using convenience
sampling, even though the study samples are not precisely
collected in a case-control manner, they may be similar to
case-control samples because of the various participant
selection steps involved [4].

In the cross-tables shown in Figure 1, the investigators
want to know whether and to what degree the disease is
more common in patients with F+ (i.e., whether F+ would
indicate a diagnosis of the disease), for which the tabulated
data need to be analyzed in the horizontal direction. 0dds
and OR can be calculated from the diagnostic cohort design
as follows:
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0dds of D+ in F+ (from the diagnostic cohort design) =

_AA+B)
1-A/(A+B)

0dds of D+ in F- (from the diagnostic cohort design) =
C/(C+D
/(C+D)
1-C/(C+D)

OR (from the diagnostic cohort design) =
Odds of D+in F+  A/B
0dds of D+ in F-

¢/D

However, in the case-control design, the corresponding
odds values are not meaningful because it selects
participants based on the column variable (D+ vs. D-), and
the odds values depend partly on the arbitrary ratio of D+
and D- participants investigators chose to include in the
study. Nevertheless, the OR is still valid in a case-control
design, even though the individual odds values are not
valid, as demonstrated by the calculations below.

OR (from the case-control design) =
Odds of D+in F+ a/b AM/BN  A/B
Odds of D+inF- ¢/d CM/DN (/D

As M and N are dropped out of the calculations, the OR
calculated using the case-control design is the same as that
obtained using the diagnostic cohort design. Furthermore,
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How to Report OR and HR

the OR can be calculated even if we do not know M and N.

Some items should be described transparently when
reporting the OR in a research manuscript. First, a clear
mention of how the odds value was defined (i.e., the
odds of what) is needed to calculate the OR. In the above
example, the odds of D+ was used. Second, the reference
category for OR calculation must be specified for categorical
variables. In the example above, the reference category
is F-. If these designations are switched, that is, by using
either the odds of D- instead of D+ or setting the reference
category as F+ instead of F-, the OR will have a reciprocal
value. Therefore, describing these items clearly will prevent
confusion. Additionally, as the OR can also be calculated
for a continuous variable, the one-unit amount for OR
should be specified if the OR is reported for a continuous
variable. For example, Yang et al. [5] reported an OR value
of 2.04 for patient age in predicting malignancy in patients
with hemophagocytic lymphohistiocytosis. Their results
specifically mention that the OR was for every increase of
10 years. Without this explanation, readers might mistake
it as an OR of 2.04 for every 1-year increase, which would
erroneously make the OR for a 10-year increase 1248.25
(2.04'). Also, caution is required, when imaging or
laboratory measurements have extensive or small ranges of
values. For such cases, the one-unit amount for calculating
OR may have been redefined for practical estimation of OR;
for example, the OR per 1 x 10 or 1 x 10 increase in value
instead of one original unit value.

When 34 original research studies reporting OR published
in the Korean Journal of Radiology in 2020-2021 [5-38]
were evaluated against a rigorous standard (i.e., complete
transparency in reporting), 91.2% (31/34) clearly mentioned
how they defined the odds, 62.1% (18/29) unmistakably
described the reference category for OR calculation for
categorical variables, and 42.9% (9/21) specified the one-
unit amount for OR for continuous variables. Therefore,
there is room for improvement in reporting.

How to Interpret OR

An OR value greater than 1 in the example above
indicates that the disease is more likely when the test result
is F+ than F-. The greater the OR value, the more likely the
patient with F+ has the disease. In this case, how can the
exact OR value, for instance, an OR of 5, be interpreted?
One should avoid being tempted to think that F+ patients
are five times more likely to have the disease than F-
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patients, as such an interpretation may be incorrect. This
interpretation is valid for a relative risk (RR) of 5. The RR is
the ratio of probability values and can be obtained from the
diagnostic cohort design as follows:

Probability of D+ in F+ (from the diagnostic cohort design) =
A/(A + B)

Probability of D+ in F- (from the diagnostic cohort design) =
C/(C+ D)

RR (from the diagnostic cohort design) =

A
Probability of D+in F+ A +B
Probability of D+ in F- C
C+D

The RR cannot be directly calculated with data from a
case-control study because, unlike the OR calculation, M
and N do not drop out of the RR calculation, as shown in
the following equation:

Invalid RR (from the case-control design) =

a AM A
a+b AM + BN A+B
c ¢
c+d M + DN C+D

When the disease prevalence is very low in the population
of interest in the study, the OR, which can also be
calculated from a case-control design, approximates the
true RR. If the disease prevalence is very low, A must be
much smaller than B, and C must be much smaller than D.
In this case, the RR equation can be simplified by ignoring
A and Cin the respective denominators as shown below as
an approximation.

A A

RR=AE LB g
c
C+D D

It is appropriate to interpret the OR obtained from a
case-control study as an approximation of RR in a setting
like this. However, the assumption of very low prevalence
often does not hold in diagnostic research studies.
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Fig. 2. Examples

[Table title] Factors associated with|AP Flattening of the Terminal lleum | A
: Univariable Analysis Multivariable Analysis
Variables = 5 A
0dds Ratio 95% (I P Adjusted Odds Ratio 95% CI P
Demographic findings
Age, 0.963 0.907-1.013  0.153 0.964 0.905-1.017  0.192
Sex
e
Female 0.506 0.130-1.467  0.225 1.032 0.209-4.365  0.967
Height,@ 1.052 0.991-1.119  0.096 1.062 0.979-1.152  0.146
Weight,IE 1.011 0.979-1.042  0.495
BMI, |kg/m* 1.001 0.888-1.116  0.983
MRE findings
Level of the traversing terminal ileum
External iliac vessels
Common iliac vessels or higher 2.346 0.875-5.838  0.088 2.174 0.767-5.868  0.139
Abdominal wall thickness,@l 1.002 0.959-1.043  0.933
Peritoneal space width,@ 0.999 0.965-1.030  0.961
Endoscopic findings
Inflammation in the terminal ileum
Asent
Present 0.059 0.000-0.434  0.001 0.066 0.001-0.498  0.003
[Table title] Predictor of]Major Adverse Cardiac Events| B
Univariable Multivariable
HR 95% CI P Adjusted HR 95% (I 2
Age,MI 0.918 0.878-0.960 <0.001 0.917 0.873-0.963 0.002
Male sex|(male vs. female)*| 1.360 0.456-4.058 0.581 NA NA NA
Diastole
Location[(high vs. low)*| 6.114 0.751-49.789 0.091 NA NA NA
Height, [mm'| 0.547 0.174-1.719 0.302 NA NA NA
j 0.105 0.009-1.197 0.070 NA NA NA
1.612 0.268-9.686 0.602 NA NA NA
Area,[mm?| 0.678 0.370-1.242 0.280 NA NA NA
Angle,[degree] 0.889 0.776-1.041 0.153 NA NA NA
Systole
Locatjon[(high vs. Low)*| 4.008 1.072-8.445 0.036 4.345 0.483-9.066 0.026
Height 1.367 0.375-4.979 0.636 NA NA NA
Width,|m 0.064 0.004-1.061 0.055 NA NA NA
Area 0.730 0.367-1.449 0.368 NA NA NA
H/W|ra 5.621 0.998-31.661 0.049 4.193 0.647-27.165 0.133
Angle,|degree! 0.846 0.717-0.999 0.048 0.770 0.612-0.969 0.190

[*For categorical variables with categories in parentheses, the former was compared with the latter (the reference)to calculate HRs
and 95% CIs with the Cox regression analysis] For continuous variables, an increase by 1[considered when calculating HRs and 95% CIs

[Table title] Factors associated with|Hepatic Decompensation

Univariable Multivariable Model 1* Multivariable Model 2*

Variables

Unadjusted HR P Adjusted HR P Adjusted HR P

Liver-to-spleen volume ratio

Tor marease by 1) 0.62 (0.55-0.69)  <0.001  0.71(0.63-0.79) <0.001  0.68 (0.61-0.77)  <0.001
Sex|(female compared with male)] 0.83 (0.59-1.15) 0.262  0.70 (0.50-0.99) 0.043  0.68 (0.48-0.96) 0.029
Age|(for 1 year) 1.03 (1.01-1.05)  <0.001  1.04 (1.02-1.06) <0.001  1.05 (1.03-1.07) < 0.001
AST[(for 1 TU/L 1.00 (1.00-1.00) 0.928
ALT [(for 1 TU/L) 1.00 (0.99-1.00) 0.182
Bilirubin|(for 1 mg/dL) 1.11 (1.02-1.21) 0.012
PT[(for 1 INR)| 17.37 (8.10-37.23) < 0.001
Platelets|(for 1 x 10°/L)| 0.98 (0.98-0.99)  <0.001
Creatinine|(for 1 mg/dL) 1.16 (0.83-1.63) 0.375
HBeAg|(positive compared]

- : 1.43 (1.04-1.96) 0.028  1.82 (1.29-2.56) 0.001  2.00 (1.43-2.81) < 0.001
Serum HBV DNA level, IU/mL

<2000

2000-200000 0.97 (0.61-1.54) 0.884

> 200000 1.30 (0.90-1.88) 0.156
Child-Pugh score[(for increase by 1)) ~ 1.77 (1.56-2.00) ~ <0.001  1.45 (1.24-1.69) <0.001  Not included
MELD score|(for increase by 1) 1.18 (1.12-1.23) < 0.001 Not included 1.10 (1.03-1.18) 0.005

of transparent, accurate reporting of odds ratio and hazard ratio.

Park et al.

A-C. Red rectangles indicate areas of note. (A) Modified from Kim et al. Korean J Radiol 2021;22:1640-1649, with permission of the Korean
Society of Radiology [19]. (B) Modified from Kim et al. Korean J Radiol 2022;23:172-179, with permission of the Korean Society of Radiology [41].

(C) Modified from
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Kwon et al. Korean J Radiol 2021;22:1985-1995, with permission of the Korean Society of Radiology [45].
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How to Report HR

The hazard is the slope of a survival curve, which is the
rate of developing events in a time period [1]. The HR is
the ratio of hazards of two survival curves and essentially
describes the RR of the events occurring in a survival
analysis (more generally referred to as time-to-event
analysis) over time [1]. Similar to the reporting of OR, a
few items should be explicitly described when reporting HR
in research studies. First, a clear definition of events for
survival analysis should be provided. Second, the reference
category for HR calculation must be clarified for categorical
variables. Finally, if HR is reported for a continuous variable,
the one-unit amount for HR should be specified.

When 28 original research studies reporting HR published in
the Korean Journal of Radiology in 2020-2021 [11,15,32,39-
63] were evaluated against a rigorous standard, 96.4%
(27/28) explicitly defined the events for HR, 48.1% (13/27)
unmistakably described the reference category for HR
calculation for categorical variables, and only 50% (10/20)
clearly described the one-unit amount for HR for continuous
variables. Therefore, further improvements are required.

Examples of Clear, Accurate Reporting of OR
and HR

Figure 2 shows slightly different styles to clearly and
accurately report OR or HR [19,41,45]. Examples can be
found in other published articles [15,28,33,37,38,52,59,62].

Conclusion

Further efforts to report OR and HR more clearly and
accurately in research manuscripts, as explained in this
article, would facilitate a more effective delivery of
scientific information.

Key words
Statistical analysis; Logistic regression; Survival analysis;
0dds ratio; Hazard ratio; Reporting
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