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Abstract
Purpose of Review Obesity continues to affect many women globally. In the USA, almost 40% of all women are obese and many
of these women use hormonal contraception for pregnancy prevention. How well hormonal contraceptive works for these
individuals has been an area of ongoing research. Pharmacokinetics (PK), the study of drug passage through the body, can shed
light on how differences in physiology between obese and non-obese populations can impact drug disposition and subsequent
efficacy. This review aims to reflect on these types of studies and empower clinicians with information to help tackle the
challenges of the obesity epidemic and help them provide the best contraceptive options to their patients. Here, we present the
basics of the mechanisms of action of hormonal contraception, fundamental pharmacokinetic principles, and the latest research
into pharmacokinetics, obesity, and hormonal contraception.
Recent Findings New studies focused on the PK of hormonal contraception in women with obesity have shown that while there
are distinct differences in how steroid hormones are processed in women with different body mass indices, contraceptive efficacy
is likely the same. This is replicated in studies involving a variety of hormonal contraceptive methods.
Summary PK studies allow for a detailed analysis of steroid hormone processing in individuals with obesity. Observing PK
parameters at each stage of the passage of these hormones through the body, researchers have drilled down on physiologic
differences that accompany obesity. In reviewing these PK parameter differences, however, it appears that while processes are
different, the end result of pregnancy prevention is likely not compromised in the setting of obesity. Emergency contraception,
which functions by a different mechanism from that of continuous hormonal contraception, is the one area in which obesity has
been demonstrated to impact efficacy.
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Introduction

Obesity remains a massive public health issue in the USA and
across the world. According to the Centers for Disease
Control, 40% of all women in the USA are obese with a body
mass index (BMI) of 30 kg/m2 or above [1]. Of women aged
20–39 years old, 37% are obese [1] and a majority are using
hormonal contraception to prevent pregnancy [2]. Data

regarding the impact of obesity on hormonal contraceptive
efficacy have been limited as clinical trials have traditionally
excluded women who were overweight or obese. Previously,
the prevalence of obesity was much lower; thus, including this
population with a higher baseline risk of deep venous throm-
bosis was not as critical as it is now. The Food and Drug
Administration has attempted to remedy this issue by
recommending that contraceptive clinical trials include partic-
ipants with obesity [3]. A significant amount of research has
been done in recent years focused on this specific issue of
hormonal contraception and obesity. Studies, however, have
been of varying quality and results have been variable. The
question still remains—are standard doses of hormonal con-
traception effective at preventing pregnancy in women with
obesity?

In this article, we will review basic principles related to the
mechanism of action of hormonal contraception and provide
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an overview of the differences in pharmacokinetics in women
with obese and normal BMIs. We will review the key litera-
ture published with a focus on recent trials. With this, we hope
to provide healthcare professionals with clarity regarding how
hormonal contraceptives are processed in individuals with
obesity and how this impacts the efficacy of these methods.

The Mechanism of Action of Hormonal
Contraception

Reproductive function is based on cyclic interactions between
the hypothalamus, the pituitary, and the ovary. Gonadotropin-
releasing hormone (GnRH) is released from the hypothalamus
in a pulsatile fashion [4]. GnRH release leads to the release of
follicle-stimulating hormone (FSH) and luteinizing hormone
(LH) from the anterior pituitary. These hormones then trigger
the ovary to produce estrogen and progesterone. Depending
on the phase of the menstrual cycle, these ovarian hormones
fluctuate and provide negative and positive feedback loops to
the pituitary and the hypothalamus. This system ultimately
results in development of a dominant follicle and ovulation
with the release of an egg with the possibility of fertilization
and subsequent pregnancy.

Hormonal contraception utilizing a combination of a pro-
gestin with or without estrogen works primarily by
interrupting or suppressing the feedback loops between the
ovary, hypothalamus, and pituitary. When exogenous estro-
gen (e.g., ethinyl estradiol or EE) and progestin are present,
the secretion of FSH and LH is suppressed via a negative
feedback loop and this results in ovarian quiescence. In addi-
tion, steroid hormones change the consistency of cervical mu-
cus making it less hospitable to sperm and sperm transit and
modifying the endometrial lining, further impeding fertiliza-
tion and implantation.

Pharmacokinetic Principles and Implications
for Individuals with Obesity

Pharmacokinetics is the detailed description of the passage
and processing of a drug in the body. Four physiologic pro-
cesses are involved in the pathway through the body:
absorption, distribution, metabolism, and elimination. Each
of these processes can be different in individuals with obesity
due to an altered physiology, but it is unclear to what extent
these processes might impact hormonal contraception. We
review the potential changes for each of these four processes
and their impact on key pharmacokinetic parameters here.
Some of the most important PK parameters are listed in
Table 1.

Absorption

Absorption involves the movement of a drug from the admin-
istration site into the circulation. Absorption dictates how
quickly (Tmax) a compound reaches its maximum concentra-
tion (Cmax). Many factors affect drug absorption in individuals
with obesity. For example, cardiac output is overall higher in
those with obesity [5]. Increased cardiac output can lead to an
increased rate and amount of drug that is absorbed as there is
more blood flow to the digestive system. People with obesity
also have increased gastric emptying rates [6]. With quicker
passage of drug through the stomach, the Tmax can be lower.
Some animal models of obesity suggest that transporters and
secretion during the absorption process can also be affected by
obesity [7], affecting how much drug is bioavailable and
therefore the concentration (e.g., Cmax). Progestins such as
levonorgestrel are fully absorbed from the GI tract, while es-
trogens such as ethinyl estradiol are subject to a first-pass
effect where metabolic enzymes in the intestine reduce its
bioavailability.

The amount of subcutaneous fat in a person can impact the
amount of drug that is absorbed when it is injected subcuta-
neously or applied transdermally. The rate of blood flow per
gram of fat in a person with morbid obesity is markedly dif-
ferent from the rate in a person without obesity [8]. These
changes can impact both the rate and extent of drug absorbed
via these routes of administration. This again could impact
both Tmax and Cmax. Studies with contraceptives given by this
route have not directly implicated this factor, but it may con-
tribute to the lower exposures seen in women with obesity,
which will be described below.

Distribution

Distribution represents the movement of a drug into different
compartments of the body. The rate and extent of distribution
are determined by body mass, the fat and lean composition of
that mass, the blood flow to tissues, and the plasma and tissue
binding of the drug. Distribution space is described in terms of
the volume of distribution, or Vd. The volume of distribution
primarily affects the half-life of a drug as indicated by the
relationship, t1/2 = 0.693 × Vd/CL.

In individuals with obesity, overall lean and fat mass is
increased, but the ratio of lean to fat mass is significantly less
[9]. A drug with high lipophilicity will have a greater affinity
for the larger fat volume in an individual with obesity; there-
fore, the Vd would increase. Multiple different body size
markers relevant to obesity are correlated with Vd—
including lean body weight, fat free mass, and adjusted body
weight [10].

The amount of subcutaneous fat in an individual with obe-
sity can also impact drug distribution and the Vd. A drug may
be intended for the intramuscular space but can be incorrectly
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injected into the subcutaneous fat due to the increased depth of
the fat. Release from the subcutaneous fat can be slower com-
pared with the intramuscular space; therefore, Cmin and Cmax

concentrations can be impacted [11].
Plasma protein binding can also be altered in individ-

uals with obesity, subsequently impacting distribution.
The primary drug binding protein in plasma is albumin.
There does not appear to be a difference in plasma albu-
min concentration in people with obesity versus those
with a normal BMI [12]. However, some lipoproteins that
bind albumin are greatly increased in individuals with
obesity. This can lead to competitive binding where a
drug is displaced from albumin by lipoproteins. Sex hor-
mone binding globulin (SHBG) is an important plasma
protein that binds endogenous androgens and estrogens
along with progestins. SHBG is decreased in populations
with obesity, which can lead to not only increased free
circulating steroid hormones, but also decreased overall
serum concentrations [13]. The complex roles of albumin
and SHBG in the pharmacokinetics of levonorgestrel have
been described by Natavio et al. [14] and Reinecke et al.
[15].

Metabolism

Metabolism is the enzyme-mediated chemical transformation
of a drug. Most drug metabolism occurs in the liver. Enzymes
within the liver modify drugs by performing specific chemical
reactions, e.g., oxidation, reduction, hydrolysis, conjugation,
sulfation, and glucuronidation. Activity of these enzymes is
decreased by the presence of pro-inflammatory cytokines; in-
dividuals with obesity have increased circulating levels. As a
result, altered enzyme function in the livers of individuals with
obesity may be partly responsible for some changes in metab-
olism rates [16]. In addition, fatty liver disease is thought to
influence local enzyme function [17], a disease more common
in obesity.

Drug transporters play a key role in drug metabolism
and elimination. Animal studies suggest that drug trans-
porters are altered in obese populations [18]. Certain he-
patic uptake transporters are decreased while efflux trans-
porters are increased.

Elimination

Excretion of drugs and drug metabolites in urine is part of
drug elimination. With obesity, many renal parameters are
increased: glomerular area, glomerular filtration rates, tubular
secretion rates, and renal plasma flow [19]. Multiple studies
have confirmed that renal clearance of many drugs is in-
creased in obese individuals [20–22]. BMI also appears to
be inversely correlated with urine pH [23]. Reabsorption of
a drug is often dependent on the pH of the urine. Both clear-
ance (CL) and reabsorption can impact the half-life (t½) of a
drug. All contraceptive drugs are moderately to highly lipid
soluble and thus undergo extensive tubular reabsorption and
have low renal clearances. However, their more water-soluble
metabolites are excreted in urine.

Relevant Literature

Prior Studies

Individuals with and without obesity have a number of funda-
mental physiologic differences. These differences can lead to
altered contraceptive steroid hormone levels, but whether this
translates to subsequent contraceptive failure remains unclear.
Over the last few decades, a number of studies have attempted
to answer this question. A portion of these studies have in-
volved larger cohorts focused on assessing the endpoint of
pregnancy. Findings from these studies have been mixed
and, for non-pill hormonal methods, the number of studies
has been limited [24]. These studies also appear to suffer from
two main possible confounders: the inability to determine ad-
herence to the contraceptive method and the unknown fre-
quency of intercourse. More recent studies have attempted to
control for these elements and suggest that no correlation ex-
ists between BMI and hormonal contraceptive effectiveness
[25, 26].

Pharmacokinetic (PK) studies can provide insight into how
a drug is impacted therapeutically by obesity. However, these
studies are not designed to provide definitive proof—e.g., will
the contraceptive method fail? Additionally, contraceptive ef-
ficacy is not just reliant on the properties of the drug but also

Table 1 Pharmacokinetic
parameters, descriptors, and
definitions

Parameter Definition

Tmax Time to the maximum measured plasma concentration

Cmax Maximum measured plasma concentration over the time span specified

t1/2 Final time taken for the plasma concentration to be reduced by half

CL (clearance) Volume of plasma from which a substance is completely cleared from per unit time

AUC
(area under the curve)

The area under the plasma concentration vs. time curve, from time 0 to t
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on the fecundity of the individual, intercourse frequency, ad-
herence, and continuation. A summary of the key studies fo-
cused on PK, obesity, and hormonal contraception are includ-
ed in Table 2.

Although the hormonal contraceptives studied here are di-
verse in terms of composition and route of administration, the
trend of the impact on PK parameters is fairly consistent.
Plasma concentrations of steroid hormones are generally low-
er in subjects with obesity.

Recent Studies

In the last 5 years, three additional studies have been pub-
lished, further confirming these trends. These are summarized
in Table 3.

Consistent across all three studies, concentrations of steroid
hormones decreased as BMI increased. The Westhoff [39•]
study also involved frequent monitoring of ovarian activity
and found no evidence of ovulation occurring at different rates
in groups of varying BMI. The Luo 2019 study was particu-
larly robust, aggregating data from four different studies, an-
alyzing the PK parameters for 89 subjects using oral contra-
ceptive pills [41••]. The study showed consistent changes in
PK parameters for individuals with obesity as found in prior
studies. Despite these differences seen inCmax, AUC, CL, and
t1/2, however, these were thought to not have actual clinical
impact. Instead, trough levels for both EE and LNG, which
were found to be similar between the obese and non-obese
groups, suggested that ovulation suppression and pregnancy
rates were likely to be similar.

Table 2 Key PK and hormonal contraception in individuals with obesity studies

Study Hormonal contraceptive PK findings in subjects with obesity Additional findings

Oral contraceptive pills (OCPs)

Doose 2003 [27] 35 mcg EE/1 mg
norethisterone

• 32% increase in norethisterone
clearance (CL)

• Lower plasma concentrations
of both

No difference in ovarian suppression
or ovulation

Edelman 2009 [28] 20 mcg EE/100 mcg LNG • EE AUC and Cmax lower
• LNG AUC lower

Trend towards increased HPO axis
activity via LH, P and E2 levels

Westhoff 2010 [29] 30 mcg EE/150 mcg LNG • EE AUC and Cmax lower No significant differences in
follicular diameters

Edelman 2013 [30] 20 mcg EE/100 mcg LNG • Prolonged t1/2 for EE and LNG No association of PK parameters and
ovulation suppression

Transdermal patch

Foegh 2013 [31] 15 mcg EE/75 mcg LNG
25 mcg EE/75 mcg LNG
30 mcg EE/120 mcg LNG

• LNG concentrations
9–30% lower

• EE concentrations
14–29% lower

Dose- dependent ovarian
suppression

Vaginal ring

Westhoff 2012 [32] 15 mcg EE/120 mcg
etonogestrel (ENG)

• EE concentration lower
(15 vs 22 pg/ml)

• ENG concentrations similar

Follicular development minimal in
both groups

Injectables/implants

Segall-Gutierrez 2010 [33] Depo-medroxyprogesterone
acetate

• Plasma concentrations 20–30%
lower

MPA levels sufficient to prevent
ovulation

Sivin 1997 [34] SC LNG rods (2 rods) 150 mg • LNG concentration consistently
30–45% lower for women
above 70 kg

No pregnancies

Sivin 2001 [35] SC LNG rods (2 rods) 150 mg
(Jadelle)

• Plasma concentrations
consistently low in women
> 70 kg

LNG concentrations all above 200,
minimum needed to prevent
pregnancy

Mornar 2012 [36] Etonogestrel SC implant
(Implanon)

• Plasma concentrations
31–54% lower

Intrauterine systems (IUS)

Hidalgo 2009 [37] 52 mg LNG IUS • Lower LNG concentrations after
5 years

Seeber 2012 [38] 52 mg LNG IUS • Lower LNG plasma concentrations
in BMI > 30 (119 pg/ml) vs
BMI < 20 (165 pg/ml)
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Emergency contraception has been the one area in
which the effects of obesity on pharmacokinetics and sub-
sequent efficacy have been clear. One of the most defin-
itive assessments examined the pharmacokinetics of
1.5 mg levonorgestrel (Plan B) in women who were of
normal, obese, and extremely obese body weights [14].
As shown in Fig. 1, there were markedly lower Cmax

and AUC values in the latter group. These and related
findings have contributed to considerations that obese in-
dividuals should receive a double dose of LNG [42•], but

several studies are underway investigating if this should
be recommended.

A few additional studies have been done in the last five
years that explore variations of dosing for women with
obesity. Edelman et al. [43] explored two different op-
tions for alternative dosing in individuals with obesity.
Both continuous cycling and increased doses resulted in
similar increases in AUC for both EE and LNG, suggest-
ing that these methods may help remedy the decreases in
concentrations seen in women with obesity. Secondary

Table 3 Recent PK and hormonal contraception in individuals with obesity studies

Study Hormonal
contraceptive

PK findings in subjects with obesity Additional findings

Transdermal patch

Westhoff 2014
[39•]

Patch (EE and GSD) • EE clearance 17% higher
• EE exposure 15% lower
• EE AUC lowest in highest BMI group
• EE Cmax decreased
• GSD AUC decreased
• GSD Cmax decreased
• SHBG decreased

Increased rates of follicle like structures in obese
women

No differences in ovulation events between the groups

IUS

Creinin 2015 [40] 52 LNG IUS • LNG concentrations 103 vs 148 pg mL at
36 months (Mirena)

• LNG plasma concentration 31% lower
(Liletta)

No differences in efficacy between groups

OCP

Luo 2019 [41••] Varying doses
of EE and LNG

• EE and LNG:
o Reduced Cmax, Cmin, AUC
o t1/2 longer
o Increased CL
o Trough levels similar
• No differences in SHBG

Fig. 1 LNG Concentrations over
time by BMI group. Reprinted
from [14], with permission from
Elsevier
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outcomes related to follicle development were also col-
lected and follicular activity was markedly suppressed
with both methods when compared with standard low
doses and 21/7 cycling for these subjects with obesity.

Safety

The progestin is most relevant to contraceptive efficacy as it is
the component responsible for ovulation suppression.
Progestin levels have been the focus of most prior research.
The estrogen components of these combined methods, how-
ever, have benefits of stabilizing the endometrium and reduc-
ing breakthrough bleeding. Estrogen also comes with side
effects and adverse events. In these studies, the lower estrogen
exposure via lower serum concentrations seen in individuals
with obesity could lead to increased safety with reduced risks
of venous thromboembolism. In addition, side effects of nau-
sea, headache, and breast tenderness may all be decreased due
to these lower systemic levels.

Conclusion

Concern regarding the effectiveness of hormonal contracep-
tion in individuals with obesity arose in tandem with the obe-
sity epidemic over the last 20 years. As a normal BMI has
become a minority state, it is important to ensure that our
treatments and drugs work across the full range of BMI. In
the last decade, a number of critical studies have been pub-
lished providing significant insights. We know that obesity
impacts the pharmacokinetics of contraceptive steroid hor-
mones. BMI does not appear to be a major risk factor for
contraceptive failure except possibly in progestin-based emer-
gency contraception. The exact impact of BMI on contracep-
tive effectiveness is difficult to determine in shorter acting
methods like birth control pills as adherence and compliance
are the main drivers of failure.

Overall, the evidence base related to hormonal contracep-
tion and obesity suggests that despite significantly altered
pharmacokinetics, most hormonal contraception is effective
for womenwith obesity. The use of any contraceptive method,
no matter the BMI, prevents more pregnancies than the non-
use of contraception.
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