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1. Introduction

Contraceptive users have always deserved accurate and easy-to- 
understand information about the pregnancy risk associated with 
different contraceptive methods. After the recent Dobbs vs. Jackson 
decision in which the Supreme Court held that the right to privacy 
stipulation in the United States Constitution does not include abor-
tion, reproductive health access and choices have become severely 
more limited [1,2]. Sexually active couples are urgently reevaluating 
their contraceptive options and now, more than ever, deserve the 
most accurate and understandable information on how well 
methods work. This issue is especially crucial for those with sig-
nificant medical contraindications to pregnancy who live in states 
with limited or no abortion access, for whom a contraceptive failure 
could be life-threatening.

2. Measurements of contraceptive efficacy

Historically, two methods have been used to measure contra-
ceptive efficacy, the Pearl Index and survival analysis (performed by 
one of two methods: life table and Kaplan-Meier). Each of these 
methods has distinct pros and cons.

2.1. Pearl Index

Raymond Pearl, PhD, a biologist at Johns Hopkins University with 
a primary interest in biostatistics, first described this method in 
1933 as a measure of human female fertility that corrected for the 
time when the woman was not at risk for pregnancy [3]. Although 
Dr. Pearl’s primary goal was to make a distinction between fecundity 
(a person’s maximum potential to reproduce) and fertility (a cou-
ple’s actual reproductive success), he demonstrated how this cal-
culation could take into account the use of contraception. The 
method’s simplicity made it attractive for researchers and regulatory 
agencies to adopt for describing contraceptive efficacy.

= ×

Pearl Index
number of pregnancies

person years of exposure to risk of becoming pregnant
100

Exposure refers to intercourse with the frequency and other re-
quirements typically defined by the specific study or regulatory 
agency. Functionally, this calculation typically uses cycles or months 
of exposure. For cycles (28-day cycles), the number of pregnancies is 
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divided by the number of cycles and multiplied by 1300 instead of 
100. Thirteen hundred is simply the number of 28-day cycles in 
1 year (13) times 100. For months, the denominator is the number of 
months, and the multiplier is 1200 instead of 100, reflecting 12 
months in 1 year.

2.2. Survival analysis

Survival analyses can be performed in several ways, but the two 
most commonly used are the life table method (also called the ac-
tuarial method) and the Kaplan-Meier method (also called the pro-
duct-limit method). The life table method is a grouped approach in 
which events are calculated for each period. For contraceptive effi-
cacy, the events are pregnancies, and the periods are commonly 28- 
day intervals (cycles) or months. The Kaplan-Meier method does not 
group the data by cycle and only calculates survival when an event 
happens. However, the terms are often used interchangeably or as 
one being a descriptor of the other. For example, the US Food and 
Drug Administration (FDA)-approved label for the contraceptive gel 
Phexxi reads, “The primary efficacy endpoint was the 7-cycle typical 
use cumulative pregnancy rate as derived by Kaplan-Meier life-table 
analysis…” [4]. The Kaplan-Meier and life table methods have also 
been expressed as one being a means of calculating the other. For 
example, the 5-year Liletta intrauterine device publication states, 
“Secondary efficacy outcomes included cumulative Pearl Indices 
over five years and life-table pregnancy rates calculated using the 
Kaplan-Meier method” [5].

3. Using Pearl Index and survival analysis methodologies

While simple to calculate, the primary issue with the Pearl Index 
is interpretation. The units used for Pearl Index are pregnancies per 
100 woman-years. Although this may seem like a percentage, it is 
not. Accordingly, conveying what this means in a simple discourse 
between a clinician and patient can be challenging. The value is 
difficult for individuals to translate into their personal risk of be-
coming pregnant while using a method since most do not know how 
“100 woman-years of exposure” applies to their personal risk of 
contraceptive failure. Indeed, 100 woman-years of exposure could be 
achieved by 100 women using the method for 1 year, 50 women 
using it for 2 years, or even 25 women using it for 4 years.

Therefore, the Pearl Index cannot be used to compare studies of 
differing lengths. Early criticisms were noted more than 50 years ago 
[6]. More recently, Trussell and Portman noted in 2013 that “com-
paring results from different studies with different maximum 
durations of exposure is virtually meaningless, because failure is 
measured with a rubber yardstick” [7].

In addition, Pearl Index values tend to decline over time within a 
given observation period; there are more pregnancies in the begin-
ning of the observation period because couples who are more fertile, 
have sex more frequently, or take longer to learn how to use the 
method consistently and correctly will likely get pregnant first [8]. 
The length of observation is often not even stated in study reports, 
making it difficult to tell whether one is comparing studies of dif-
fering lengths [9].

In a true life table analysis, a separate failure rate is typically 
calculated for each cycle or month (although other intervals can be 
used). Each individual cycle (13 cycles in a year) or month (12 
months in a year) is then combined together to yield the cumulative 
pregnancy rate over 1 year. Importantly, these individual values can 
be combined for any period, including multiple years, without losing 
accuracy because the denominator for each unit (e.g., cycle or 
month) will reflect the number of users within the assessed dura-
tion. Accordingly, unlike the Pearl Index, life table analyses control 
for the artificial lowering of pregnancy rates that can occur with a 
longer duration of analysis. The results are expressed as the 

likelihood of becoming pregnant within a specific time frame. For 
example, someone using the Liletta intrauterine device1 has a 1.37% 
chance of becoming pregnant over 8 years [10]. Thus, when a clin-
ician or patient reads the life table analysis failure rate of a contra-
ceptive, they know the overall failure rate for an individual during a 
specified duration of use.

Pregnancy rates calculated by both the Pearl Index and survival 
analyses have been increasing over the last few decades. Proposed 
reasons include more frequent pregnancy testing and inclusion of a 
broader range of study participants, which may impact adherence. In 
addition, requirements for cycles to be included in the study de-
nominator may have become more restrictive. For example, in more 
recent studies, evaluable cycles may be defined as having at least one 
act of intercourse, using no back-up contraception (including 
emergency contraception), and having a certain cycle length. Having 
fewer cycles in the denominator will result in higher pregnancy rates 
[8]. Variations also exist in how regulatory agencies measure preg-
nancy; for example, the FDA includes any pregnancy diagnosed 
within 7 days of completing an investigational contraceptive to be 
“on-treatment,” whereas the European Medicines Agency specifies 
only within 2 days. Changes in protocols and the definitions of 
pregnancy make it difficult to compare studies done at different 
points in time.

The Pearl Index and life table analyses have similar outcomes 
when studies last for 1 year or longer. For example, the year 1 Pearl 
Index for Liletta is 0.15 pregnancies per 100 women-years and the 
life table rate is 0.14% [10]. However, non-hormonal methods are 
commonly studied for regulatory approval in trials that are much 
shorter, commonly 6 months or seven cycles. In these scenarios, a 
Pearl Index can be calculated but does not reflect a true 1-year 
pregnancy outcome because the product was not evaluated for that 
length of time. The scientifically valid life table analysis will differ 
from the calculated Pearl Index with the Pearl Index usually being 
higher. For example, Phexxi’s label includes an estimated Pearl Index 
based on data from the 7-cycle study of 27.5 pregnancies per 100 
women-years, while the 7-cycle cumulative pregnancy rate by Ka-
plan-Meier analysis was 13.7% [4]. As we continue to evaluate more 
novel products, we need accurate statistics to truly understand ef-
ficacy and to be able to communicate that information well with 
patients in a format they can understand.

4. The FDA’s position on reporting contraceptive efficacy 
outcomes

Guidance from the FDA itself and its advisory committees had 
long favored using the life table analysis rather than the Pearl Index 
until 2017 when the 1-year Pearl Index became the primary re-
quirement for reporting contraceptive efficacy. In 1980, a proposed 
rule, based on the recommendations of the Advisory Panel on Over- 
the-Counter Contraceptives and Other Vaginal Drug Products, re-
commended: “The data from all effectiveness studies should be 
evaluated by the life-table method. The life-table has replaced the 
traditional Pearl formula because it makes possible valid compar-
isons among different studies extending over different time periods. 
Although previous data analyzed according to the Pearl formula may 
be salvaged by recalculation using the life-table method, new data 
will be required for a more precise evaluation. The data may be 
expressed as the percentage of women who become pregnant while 
using the method during the course of one year, i.e., the rate of ac-
cidental pregnancy” [11].

In the 1990s, the FDA released two updated guidelines. First, in 
1997, the Guidance for Development of Vaginal Contraceptive Drugs 

1 Articles in Contraception generally use brand names only once. However, since 
this article refers to product labels, brand names are used throughout.
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stated that “6-month life table pregnancy rates should be derived” 
[12]. In 1998, the Guidance for Industry - Uniform Contraceptive 
Labeling – Devices stated that “FDA considers the communication of 
information on pregnancy rates to users of contraceptive devices to 
be essential for their safe and effective use… The table re-
commended by FDA uses pregnancy rates based on data from 

Trussell, et al, from the 17th edition of Contraceptive Technology 
(1997)” [13]. Importantly, pregnancy rates in this table were calcu-
lated using Kaplan-Meier methodology.

In January 2007, the Advisory Committee for Reproductive Health 
Drugs held a general meeting on contraceptives. The meeting min-
utes read, “The general feeling of the committee is that the Pearl 

Fig. 1. Pregnancy rates as expressed in labeling of recently approved non-oral contraceptives in the United States. 
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Index, although providing simplicity, is a less desirable analysis 
method in almost all circumstances. Life-table analysis should be the 
standard” [14].

Within the last 10 years, however, the FDA has provided two 
more updates, now favoring the Pearl Index. In 2017, the FDA issued 
a draft guidance for labeling of combined hormonal contraceptives, 
stating that “contraceptive efficacy should be reported in terms of 
the 1-year Pearl Index and 95% confidence interval around the point 
estimate” [15]. In 2019, the FDA issued another draft guidance en-
titled “Establishing Effectiveness and Safety for Hormonal Drug 
Products Intended to Prevent Pregnancy” [16]. This guidance in-
dicated that “The primary efficacy endpoint should be the pregnancy 
rate described by the Pearl Index (PI) during the first year of use of 
the product.” It further specified that “Life table analysis should also 
be used as a supportive analysis to provide monthly and cumulative 
failure rates for any specific length of exposure and will be included 
in labeling for long-acting contraceptive products that are evaluated 
in trials of more than 1 year’s duration.”

5. Labeling of recently approved contraceptive products

Figure 1 shows excerpts of the labeling for non-oral contra-
ceptive products approved by the FDA since 2001. The Caya dia-
phragm shows only Kaplan-Meier rates [17]. The hormonal products 
Annovera, Twirla, and Nexplanon show only Pearl indices [18–20]. 
Annovera and Twirla were studied for 1 year and provided 1-year 
Pearl indices. Nexplanon was studied for 3 years and provides a 
cumulative 3-year Pearl Index of 0.38 pregnancies per 100 woman- 
years. A cumulative Pearl Index over multiple years will typically 
significantly underestimate pregnancy rates because it does not 
account in the denominator for participant discontinuations during 
the entire study duration. The denominator in life table analyses, 
however, decreases in all evaluations over time, providing an accu-
rate cumulative pregnancy rate calculation.

Hormonal intrauterine devices (Liletta, Mirena, Skyla, and 
Kyleena) report both a Pearl Index and a life table pregnancy rate, 
consistent with FDA guidance that Pearl indices should be primary, 

Fig. 1.  (continued) 
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with life table results supportive for these products evaluated for 
more than 1 year [10,21–23]. However, these labels further illustrate 
the difficulty in understanding Pearl indices. For example, the Liletta 
approval for 8 years of use shows year-by-year Pearl Indices, ranging 
from 0.00 to 0.49 [10]. These are to be interpreted as, for example, in 
year 5 of use, there were 0.16 pregnancies per 100 woman-years. 
Unlike Nexplanon, an overall cumulative Pearl Index is not provided; 
rather and more appropriately, the cumulative life table pregnancy 
rate is provided, which is more easily understandable as the like-
lihood of pregnancy for a woman using this product for 5 years being 
0.89%; for 8 years, the likelihood is 1.37%. Similarly, the Mirena label 
reports year-by-year Pearl Indices for years 6, 7, and 8 and also Ka-
plan-Meier rates for that 3-year period [21].

Table 1 presents a calculation of cumulative life table and Pearl 
Indices using hypothetical data over 26 cycles (it assumes subjects 
complete 26 cycles if they do not become pregnant). We note that 
interpretation of the cumulative life table rates makes sense. For 
example, the likelihood of pregnancy for a person using this product 
for 26 cycles is 26.4%. As a corollary, interpretation of the cumulative 
Pearl Index is less easy to understand. For example, over 26 cycles, 
15.8 pregnancies per 100 woman-years occurred. As described in 
Section 3 earlier, cumulative life table pregnancy probabilities in-
crease over time, as one would expect, while cumulative Pearl In-
dices tend to go down over time [8]. This decrease is a function of 
naturally decreasing pregnancy probability with time for the reasons 
described above; if the chance of pregnancy were the same for each 
cycle, Pearl Indices would also go up over time.

6. Recommendations for the future

Life table analysis should be the primary method for reporting 
contraceptive efficacy in clinical studies and product labels. This 
methodology is the most accurate and understandable way to 
convey contraceptive efficacy for the individual since it describes the 
pregnancy rate for a study of any duration, without the duration 

itself affecting the pregnancy rate. In the post-Dobbs era of new 
product development, this issue can no longer be ignored. It is un-
realistic to suggest that previously completed studies reporting only 
Pearl rates should be repeated or even reanalyzed by the FDA. The 
Pearl Index could be required as supportive data for comparison with 
older studies but truly works best, today, as a historical footnote in 
contraceptive development. Going forward, the results of life table 
analyses should be the primary end point for contraceptive efficacy 
to provide accurate information about new products.
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