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INTRODUCTION 

The use of the Cox proportional hazards models and other 

hazard ratio (HR) centered models is ubiquitous in clinical 

trials for time-to-event data. Survival analysis can estimate 

the regression coefficients as constant effects over the 

follow-up period. HR has been widely used as an index of 

effect size in clinical trials. Reviewers for manuscripts and 

grant proposals are interested in knowing how big is a big 

treatment effect of a medical intervention.1,2 As we know, 

a statistically significant finding indicates only that the 

sample size was large enough to detect a non-random 

effect since p value is related to sample size. An indication 

of statistical significance, however, does not provide 

information about how big the finding is.3 It is quite 

possible with a large sample to have a statistically 

significant finding from a weak treatment effect. There is 

no widely accepted recognition for large treatment effects 

in time-to-event or survival data analysis. For continuous 

outcome measures, Cohen suggested that d = 0.2, 0.5, and 

0.8 are small, medium, and large effect sizes, respectively.4 

For clinical research, most of the outcome measures are 

binary or time-to-event. 

For binary outcome, according to the calculations from 

Chen et al, odds ratio (OR)=1.68, 3.47, and 6.71 are 

equivalent to Cohen’s d=0.2 (small), 0.5 (medium), and 

0.8 (large), respectively, when disease rate is 1% in the 

non-exposed group.5 It is well known that under certain 
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circumstances (low population rates of “cases” <5%), OR 

provides a good approximation to the relative risk (RR). 

However, it is also recognized that OR does not give a 

good approximation of RR when disease rates do not fall 

below 5%. OR has little meaning in biomedical research 

unless it can approximate RR.5,6 We know that base rate 

(P0: prevalence from the non-exposed group or control 

group) can have an influence on resultant effect size 

estimates. For example, for a RR (RR = P1 / P0) of 2, if P0 

(from the control group) is 5%, then P1 (from the exposed 

group) should be 10%, and the difference (P1 – P0) is 5%; 

then we may treat this finding as small. However, if 

P0=25%, then P1 should be 50%, and the difference is 25%; 

then we may treat this finding as medium or large. 

There are relative effect sizes (small, medium, large) for 

binary outcome and continuous data, but not for time-to-

event data. This paper investigates the relationships among 

HR, RR, OR, and Cohen’s d, and provides general 

guidelines in interpreting the magnitudes of HRs for time-

to-event data in clinical trials. 

METHODS 

Hazard ratio 

Different statistical techniques have been developed to 

analyze survival data, including non-parametric, 

parametric and semi-parametric methods. Let T be a 

continuous measure of time to a predefined event (e.g., 

failure time) with density function𝑓(𝑡), cumulative 

distribution function (cdf) 𝐹(𝑡) = 𝑃(𝑇 ≤ 𝑡),  and survivor 

function S(t) = P(T > t) = 1 − 𝐹(𝑡). The hazard 

function for T is defined as the instantaneous risk per unit 

time and analytically it can be expressed as, 

 
The most commonly implemented statistical model for the 

hazard function is Cox’s proportional hazards model, 

which defined hazard function as.7 

where h0(t) is the unspecified baseline hazard function 

which could be any function of time as long as it is greater 

than 0.  exp(𝛽′𝑧) is free of time, serving as the parametric 

part of the hazard function, where z is the covariate vector 

and 𝛽 is the corresponding parameter vector. If we look a 

simplified example with only one predictor and let z = 0 

designate no exposure and z=1 designate an exposed 

group. HR is the ratio of hazard functions in exposure 

group and non-exposure group. HR is widely used as a 

measure of association by comparing the hazard of certain 

event, e.g. death, between exposed group and non-exposed 

group at a given time. HR ranges from 0 to infinity, with 1 

representing lack of association, greater than 1 indicating 

increased hazard in exposure group and smaller than 1 

implying decreased hazard in exposure group. Cox 

proportional hazards model (Cox PH) assumes HR for any 

two individuals is constant over time and their 

survivorships are proportional. The HR for comparing 

exposure and non-exposure groups in Cox PH model is 

𝑒𝑥𝑝(𝛽), where 𝛽 is the coefficient for group membership.  

Hazard ratio, relative risk and odds ratio  

Suppose ℎ1(𝑡) is the hazard function for exposure group, 

ℎ0(𝑡) represents the hazard function for non-exposure 

group, and H0(t) is the cumulative hazard function of non-

exposure group. Under the proportional hazards 

assumption, the HR of exposure vs. the non-exposure is 

 
HR =

ℎ1(𝑡)

ℎ0(𝑡)
= 𝑒𝛽 , 𝑡 > 0 (3) 

The event rates for control group (𝑃0) and case group (𝑃1) 

at a given time 𝑡∗ are  

 

𝑃0(𝑡
∗) = 1 − 𝑆0(𝑡

∗) = 1 − exp{−∫ ℎ0(𝑡)𝑑𝑡

𝑡∗

0

}

= 1 − exp⁡{−𝐻0(𝑡
∗)} 

(4) 

 

 

𝑃1(𝑡
∗) = 1 − 𝑆1(𝑡

∗) = 1 − exp {−∫ ℎ0(𝑡)𝑒
𝛽𝑑𝑡

𝑡∗

0

}

= 1 − exp{−𝐻0(𝑡
∗)𝑒𝛽}

= 1 − exp{−𝐻0(𝑡
∗) × 𝐻𝑅}

= 1 − (1 − 𝑃0(𝑡
∗))𝐻𝑅 

(5) 

The relative risk (RR) and odds ratio (OR) could be 

expressed by hazard ratio (HR) and event rate of control 

group (𝑃0)⁡(time 𝑡∗ is omitted for simplification of notation 

in the follow equations):  

 
RR =

𝑃1
𝑃0

=
1 − (1 − 𝑃0)

𝐻𝑅

𝑃0
 (6) 

 

OR =

𝑃1

1−𝑃1
𝑃0

1−𝑃0

=

1−(1−𝑃0)
𝐻𝑅

(1−𝑃0)
𝐻𝑅

𝑃0

1−𝑃0

=
[1 − (1 − 𝑃0)

𝐻𝑅] × (1 − 𝑃0)

𝑃0 × (1 − 𝑃0)
𝐻𝑅

 

(7) 
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Hazard ratio and Cohen’s d 

For each event rate (𝑃0) in control group, we can have the 

relative standard normal deviation⁡𝑍0. By adding 𝑍0 with 

0.2, 0.5 and 0.8, respectively, we get the standard normal 

deviation of 𝑃1 for small, medium and large effects. 

Using equation (2), we can get HR 

 𝑃1 = 1 − (1 − 𝑃0)
𝐻𝑅 <=> HR

=
log⁡(1 − 𝑃1)

log⁡(1 − 𝑃0)
 

(8) 

Where log(.) denotes natural logarithm.  

RESULTS 

The use of hazard ratio has increased rapidly over the 

previous two decades. We conducted a systematic 

literature review from PubMed database and found 76,713 

publications that have used hazard ratio from January 1st, 

1980 to December 31th, 2018. Figure 1 presents the 

number of publications that reported HR by year. 

 

Figure 1: Number of Publications reporting 

hazard ratio (HR).  

The number starts with 2 in year 1980 and increases up to 

10,504 in year 2018, with dramatic increasing after year 

2000.  

Table 1: Magnitude of relative risk (RR) and odds ratio (OR) under various values of hazard ratio (HR) and event 

rate of control group (P0) 

HR 
 1.00 1.50       2.00        3.00       4.00       5.00 

 RR OR RR OR RR OR RR OR RR OR RR OR 

P0 

0.01 1.00 1.00 1.50 1.50 1.99 2.01 2.97 3.03 3.94 4.06 4.90 5.10 

0.05 1.00 1.00 1.48 1.52 1.95 2.05 2.85 3.16 3.71 4.33 4.52 5.55 

0.10 1.00 1.00 1.46 1.54 1.90 2.11 2.71 3.35 3.44 4.72 4.10 6.24 

0.20 1.00 1.00 1.42 1.59 1.80 2.25 2.44 3.81 2.95 5.77 3.36 8.21 

0.30 1.00 1.00 1.38 1.65 1.70 2.43 2.19 4.47 2.53 7.38 2.77 11.55 

0.40 1.00 1.00 1.34 1.73 1.60 2.67 1.96 5.44 2.18 10.07 2.31 17.79 

0.50 1.00 1.00 1.29 1.83 1.50 3.00 1.75 7.00 1.88 15.00 1.94 31.00 

0.60 1.00 1.00 1.25 1.97 1.40 3.50 1.56 9.75 1.62 25.38 1.65 64.44 

0.70 1.00 1.00 1.19 2.18 1.30 4.33 1.39 15.44 1.42 52.48 1.43 175.94 

0.80 1.00 1.00 1.14 2.55 1.20 6.00 1.24 31.00 1.25 156.00 1.25 781.00 

0.90 1.00 1.00 1.08 3.40 1.10 11.00 1.11 111.00 1.11 1111.00 1.11 11111.00 

Table 2: Cohen’s d and the equivalent hazard ratio (HR). 

Cohen’s d 
 0.2 0.5 0.8 

P0 HR HR HR 

0.01 1.68 3.43 6.52 

0.05 1.50 2.63 4.33 

0.10 1.43 2.33 3.59 

0.20 1.35 2.04 2.96 

0.30 1.31 1.89 2.63 

0.40 1.28 1.78 2.41 

0.50 1.25 1.70 2.24 

0.60 1.23 1.62 2.10 

0.70 1.20 1.56 1.98 

0.80 1.18 1.50 1.86 

0.90 1.16 1.43 1.73 
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The numbers of survival trials using HRs as outcome 

measurement are 521, 671, 790, 863 and 702 for years 

2014, 2015, 2016, 2017 and 2018, respectively. We 

reviewed publications (most are clinical trials) which 

reported significant HRs in the abstract from January 1st, 

2017 to December 31th, 2018 (HR is converted to 1/HR, 

when HR<1) from New England Journal of Medicine 

(NEJM).  

There are 226 significant HRs from NEJM. HRs reported 

in NEJM range from 1.02 to 33.33 with mean 2.52, and 

key percentiles as 1.39 (25%), 1.75 (50%), 2.40 (75%) and 

4.39 (90%). Table 1 illustrates how the magnitudes of the 

RR and OR depend on both the value of the HR (ranged 

from 1 to 5) and the value of the event rate from the control 

group at baseline, P0 (ranged from 0.01 to 0.90). A small 

P0, such as 0.01, can be attributed to a short follow-up 

period or a small event rate at the end of the study. Results 

displays the RR and OR for increasing HR and increasing 

P0.  

 

Figure 2: Magnitude of relative risk (RR) under 

various values of hazard ratio (HR) and event 

rate of control group (P0). 

There are three observations that should be noted from this 

table. First, for a constant HR, the value of the 

corresponding RR decreases and the OR increases as the 

event rate from the control group increases. Second, for a 

constant P0, the HR is larger than the RR, but smaller than 

the OR. Lastly, the RR and OR are 1.0 when the HR is 1.0 

regardless of the event rate from the control group (Table 

1, Figures 2 & 3). The relationship between HR and RR is 

depicted in Figure 2. The curves show the decrease in RR 

as the base event rate 𝑃0increases. Figure 3 depicts the 

relationship between HR and OR. The curves show the 

increase in OR as the event rate 𝑃0 from the control group 

increases. (Table 2) displays the relationship between HR 

and Cohen’s d as the event rate from the control group 

increases.  

Cohen’s d is said to be small, medium, and large, at 0.2, 

0.5, and 0.8, respectively. HRs are from 1.68 to 1.16 when 

the event rate of control group moves from 1% to 90%, 

which are equivalent to Cohen’s d=0.2 (small). HRs are 

ranged between 3.43 and 1.43 when the event rate of 

control group moves from 1% to 90%, which are 

equivalent to Cohen’s d=0.5 (medium), HRs are valued 

between 6.52 and 1.73 when the event rate of control group 

moves from 1% to 90%, which are equivalent to Cohen’s 

d=0.8 (large). Regardless of the magnitude of the effect 

size, HR decreases as P0 increases. Figure 4 is the graphic 

presentation of (Table 2) and shows the relationship 

between HR and Cohen’s d.  

 

Figure 3: Magnitude of odds ratio (OR) under 

various values of hazard ratio (HR) and event 

rate of control group (P0). 

 

Figure 4: Cohen’s d and equivalent hazard ratio 

(HR). 
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DISCUSSION 

As is seen from (Table 1, Figure 2) HR exceeds RR, and is 

exceeded by OR. The divergence of them increases when 

increasing 1) the length of follow-up, 2) the average event 

rate at the end of the study, and 3) the magnitude of 

association (effect size). HR, RR, and OR numerically 

approximate one another when the follow-up period is 

short, the event rate is small, or the risk is close to 1. RR is 

a function of time, even when HR is independent of time. 

The HR should be described as a relative rate, not as a 

relative risk. The magnitude can be different between HR 

and RR.8 Our calculations (Table 2) indicate that HRs are 

from 1.68 to 1.16 when the event rate of control group 

moves from 1% to 90%, which are equivalent to Cohen’s 

d = 0.2 (small). HRs are ranged between 3.43 and 1.43 

when the event rate of control group moves from 1% to 

90%, which are equivalent to Cohen’s d = 0.5 

(medium), HRs are valued between 6.52 and 1.73 when 

the event rate of control group moves from 1% to 90%, 

which are equivalent to Cohen’s d = 0.8 (large). Even 

though the hazard ratio might change over time, most 

studies only report a single HR at the end of the study. As 

a result, the conclusions from the study may critically 

depend on the duration of the follow-up 9. It is possible to 

calculate an average HR if the HR is approximately 

constant. If the PH assumption is not violated, we can 

assume that the HR is constant over time. Otherwise, the 

partial likelihood estimator depends on underlying 

censoring time distribution when the PH assumption is 

violated. The average HR is under- or overestimated and 

we need to explore how the HR change over time and 

calculate the average HR under non-proportional 

hazards.10-13 

Limitations 

To date there is no consensus as to what those values of 

HR may be. Cohen brought 0.2, 0.5 and 0.8 as small, 

medium and large effects, respectively, for continuous 

outcome, and warned that they are only "rules of thumb".4 

HR does not directly translate into differences in times to 

events and therefore can present difficulties in 

interpretation. HR is a unitless value (ratio) since we 

divide the hazard rates and the time variable cancels out. 

The units of time could be days, months or years and the 

HR would be the same. We should report the magnitude of 

benefit in time and the absolute difference in survival when 

we report a HR.14-16 

CONCLUSION  

This study provides general guidelines in interpreting the 

magnitudes of HRs for time-to-event data in clinical trials. 
As the Cox regression model becomes more popular, HR 

is increasingly utilized in clinical trials. HR offers a 

convenient way to summarize how the event rate among 

an exposed group of subjects differs from the event rate 

among a control group of subjects. It would be useful for 

values with corresponding qualitative descriptors that 

estimate the magnitudes for time-to-event data in 

prospective follow-up studies. Better guidelines are 

needed when we use HR as the index of effect size for 

time-to-event data in clinical trials. 
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