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Hormonal contraceptives (HCs) are commonly prescribed medications that
have had immeasurable impacts on quality of life and health of women and
families globally. However, usage of exogenous hormones is not without
risks, and patients often report a variety of side effects, ranging from
burdensome to life-threatening. For some patients, side effects of HCs are
severe enough to cause medication discontinuation or switching to
alternative forms of contraception. Variability in side effect profiles may
indicate heritable risk factors for some side effects. Understanding these
patterns or risk profiles may help clinicians anticipate severe adverse events,
match patients with suitable medications more rapidly, and improve patient
outcomes and adherence. To support further research in this field, this
narative review summarizes what is currently known about pharmacogenetic
interactions with respect to HCs and specific polymorphisms suspected to
contribute to adverse side effects and outcomes.

KEYWORDS

pharmacogenomics, contraception, symptoms, side effects, single nucleotid
polymorphism (SNP)

Introduction

Hormonal contraceptives (HCs) offer major benefits for many individuals, including
control over family planning and pregnancy, regulation of menses, and improvement in
numerous health conditions (e.g., endometriosis, dysmenorrhea, abnormal uterine
bleeding, acne). HCs, medications intended to decrease the risk of pregnancy following
sexual intercourse, contain a progestin with or without an estrogen (1). By introducing
exogenous versions of these hormones at levels significantly higher than baseline, HCs
can affect multiple body systems and produce numerous side effects in addition to
pregnancy prevention (1-3). Patient response to HCs is highly variable, ranging from
positive side effects (such as improved health and mood) to severe negative side effects
such as depression, hypertension, stroke, and venous thromboembolism (4-6). Due to
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dissatisfaction with their current HC method, many women
discontinue HCs despite wanting to prevent pregnancy (7). The
majority of women cite side effects such as breakthrough
bleeding, weight gain, or mood changes as the cause for
discontinuation (5, 8, 9). Switching or discontinuing these
medications can lead to unwanted pregnancies, as many women
who discontinue HCs take up less reliable methods, use barrier
methods inconsistently, or report no contraceptive methods
at all (5, 9).

Emerging evidence suggests that genetic variation may play
a role in individual susceptibility to certain adverse effects of
). Due to the
variability of responses to HC exposure and the familial

HC, although this area remains underexplored (

tendencies of some adverse effects, it has been postulated that
genetics may influence HC effects (10). No studies to date have
systematically evaluated whether genetic factors (e.g., single
nucleotide polymorphisms, epigenetic changes) can be used as a
predictive tool for hormonal contraceptive side effects, and
limited research has been focused on the effects of genotype on
HC response. The purpose of this narrative review is to identify
side effect profiles associated with HCs and single nucleotide
polymorphisms (SNPs) that are known, or suspected, to alter
these phenotypic responses. We summarized side effects that
have been reported as common reasons for discontinuation of
HCs and have been studied in conjunction with genetic risk
factors ( ). We aim to identify trends in genetic
susceptibility to these side effects, which will aid in prediction of
adverse reactions, offer a pathway toward more individualized,
risk-informed contraceptive counseling, and highlight gaps
remaining in research.

One side effect most associated with HCs, particularly
DepoProvera or medroxyprogesterone acetate (12), is weight
gain. Providers are recommended to counsel women about the
possibility of weight change prior to new HC medication and
weight changes are frequently cited as a concern or reason for
discontinuation (5, 6, 10, 13-15). Despite anecdotal data, the
risk of weight gain remains heavily debated in the literature,
with many researchers questioning the link between HCs and
weight gain given the lack of randomized controlled trials
and the tendency for weight to fluctuate naturally over time

( > b

found no statistically significant differences between weight

). Multiple studies with patient-control groups have

outcomes, however, these studies also show that outcomes at the
individual level vary widely (13, 15). The variation may suggest
a multifactorial source of weight change including possible
genetic predispositions which make some patients more likely to
gain weight once introduced to exogenous hormones (10, 15).
In one retrospective analysis, Lazorwitz et al. considered 99
genetic variants among reproductive-aged women with an
etonogestrel contraceptive implant placed 12-36 months prior
( ) (10). Current weight was compared to pre-insertion
weight using data from medical records. One SNP on the
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estrogen receptor 1 (ESRI) gene (rs9340799) was found to have
a statistically significant association with weight change, with
participants homozygous for the variant (genotype GG) gaining
14.1 kg more weight on average than those with at least 1 wild-
type (A) allele (10). Although etonogestrel is not known to bind
to estrogen receptors,
suspected of altering ESRI transcription, and the authors posit

progesterone receptor activation is

exogenous progesterone sources may affect estrogen receptor
protein production or action (10).

Including genomic considerations into analyzing weight gain
in the setting of contraceptive use appeared to explain a
substantial amount of variance compared with studies focused
on all HC users. A genetic predisposition to weight change
could markedly impact a patient’s outcome, and their choice to
take or continue a medication. While these
significant, we found this field to be understudied. Additional
research would be warranted to confirm these results and

results are

examine relevance to alternative sources of exogenous hormones.

Abdominal and pelvic pain are common complaints with
HC use, particularly with oral contraceptive pills (5, 9). Much of
the literature describing abdominal pain with HC use focuses
on specific patient groups with, or at risk for, pre-existing
conditions such as endometriosis. Consequently, the study of
abdominal pain, HCs, and genotype interactions is broad and
tends to be condition specific.

Estrogen itself may play a primary role in the effect of HCs on
abdominal and GI symptoms as it has been implicated in multiple
“estrogen-dependent” diseases. Endometriosis, as an example, is
an estrogen-dependent disease with strong familial tendencies
which is associated with severe pelvic pain and dysmenorrhea
(16, 17).

affected by combined hormonal

Estrogen-dependent conditions may be particularly
contraceptives, as some
clinicians have concerns that high doses of estrogen may cause
progression in these conditions, making them more severe or
difficult to treat (
associations between endometriosis and polymorphisms in the
ESRI and CYPI7AI genes. However, the interaction between

these polymorphisms and contraceptives has not yet been

). Preliminary genomics studies have found

examined and may benefit from further research.

A more direct connection can be found between HCs and
the development of oral contraceptive-induced cholestasis (CIC),
an acquired form of cholestasis characterized by impaired
bile flow from the liver to the duodenum. CIC is known to
resolve after discontinuation of HCs and has been suspected of
genetic origins due to regional clustering and similarity to
intrahepatic cholestasis of pregnancy, which has known familial
tendencies (18). In a study of CIC and intrahepatic cholestasis
of pregnancy, Meier et al. found higher frequency of the
ABCBI1 1331T > C polymorphism (rs2287622) in patients with
ICP or CIC than in pregnant controls. Although this study was
limited due to the small population of patients (with only four
CIC patients included), it may offer preliminary evidence of the



10.3389/frph.2025.1720994

Nuzzo et al.

(ponusyuoD)
(z0) 1
YD punoj uonerosse Juedyrudis oN D00 asaury) 179 179 uorsusitadA (VOELID) 8€6986¥51 4sq
‘uorsua)1adAy jo ystr 1aySry
® Je 210M amsodxd DOD YIIM sIoLLIEd YO YsII uorsuaradAy ym
ANNV Te 19 ﬁuum_UOwwm Sem asn DOD Jo ﬁOﬁ.m.:—ﬁ O>UN~SE$U .Eoﬁmﬁwuhmgﬂ
ieliie) JO YSLI PIseaIdul Ue 18 2I9M S[eNpIAIpUT (YO) snoudaordloy 20D asauIyD) 129 129 uorsuayradA (VZ80TD) 6%095 15X 24ST
adfjouad 0g,09¢1s1 £4q payrpowr
a1om suonerd)fe pidijoydsoyd pue ‘wonedylow ‘uorssardxa
(07) T2 12 | SdgX “uorssardxa ¢Iqd[] pasearour pue ‘sfad] pidi Sunemorn ur
[P | SUOTeId)[e [OS1II0D SUNR[MOILD PISEIIDUT YIIM PIJRIDOSSE ST asn DO | SOOD A[urewrid SHO PaxIA UBULIDD) 651 ¥L asuodsar ssang 08409€ 151 SO
‘uostredwod adnmuw 10 UOTIAII0D I9)Je JuedyIudIs
10U 319M 3$IY) INQ ‘POOW UO SNJe)s [BUOULIOY JO dUINJJUT (ouad
(€) Te 32 | 213 uo spaya ppu pey adAjoidey YN ‘uorssaidap aanonpoidar 105 | (ST°0 *ON'T) [2Hsa810U-043] ueadommy (D0 (D/V A 08TI-MIN) 7ZSSs ZO8AN) T
BIJSWIEE] | S9J0JS JOMO[ pue sSUIMS POOW JoMIJ dARY 0} PUNOJ dIoM sIasn DO | /(€0°0 ‘Id) [oTpensa [Aurpg UIISIM-YIION DN S¢€ Sursn) zg uonruSod pue pooly | pue (D/DHZ-YN) 1560L07s1 | 2dLyordey YN
jou a1om satwred g adfjordey YN searaym
‘AIOWAW [BUOTIOWd UO PUE $308J [NJILd] pue Pes Jo uoniusosar
ay) uo sHQ Jo oedur ayy 03 danIsuds a1am ¢ J0 [ adKjordey
(2) T8 19 | YN JO SIdLLIR)) "PIJRIISUOWIP Sem m:%ﬁ-:o_m_umﬁ pue Arowaw Bele) (D/V A 08TI-MIN) TTSSsE (COLIN)
BIJSWEE] [euonjowd ‘uonIudoda1 uorssardxa [eIde] UO JO3JJ2 Pajerpauwr-H0 (DO) paurep | ueadoinyg uraIsap ON T¥ Sunyey y¥ Surssaooxd [euonowy | pue (D/O7-YIN) 1560L0gs1 | 2dKodey YN
's1sn DOD pue syuedpnred
SurpAo-9213 usamiaq sasuodsar ssams [esrdojorsAyd renuaioyIp
(17) "Te 12 | Sursnes ‘snjeys suowrIoy yim Joeraur o) pareadde ‘osuodsar apaers (wpAyr uerpesan
JLpsnIquury pue swydys uerpes1d qum payul A[eatd& DITTEL MOOTO (D0D) parrep VIN | 85z Apmis | 0 ‘T Apmig pue) asuodsar d[ierg (‘OTTIEL) 092108181 JAO0TO
(L) e suad jo wreansdn
YaIsH SISOLIJQWIOPUD [JIM pajerdosse arom sjeadar VI, ¢ 10 ‘81 BT QUON. 9SoUBMIE], 80T 611 SII SISOLNaUIOpUR dq p21°1 syeadar v, 4S9
stsorrpwopud ym dnoid ay) ur uourwod
/1) "Te 32 | a1ow A[reuontodoxd sem 2d4) piim oy ‘SISOLIIOWOPUS (1M UIWOM
YarsH J0 dnoid ayy ur wowrwod ssaf sem wisrydrowdjod O <- I, Ay, AUON asaueMmIe], 801 611 YSU sisoLawopuy TLSEV /ST IVLIdXD
(s1) Te % "DID 10 dOI pue swsrydrourfjod (forpensaffuryd 1) (V <OFbsy) 01LL81851
TN 7OOGV u2dMIdq uoneosse juedyrudls A[reonsnels oN 811 6e-0¢) DOD PAXIN uelseane) (418 ¥ «(do0) €€ OID B dDI | “(V <L€9SE) €TLTTTLIS 004V
'SI[E D JO Toqumu [Im (DID B dD1) siseisa[oyd
(81) "[e 12 | paseadul S[AJ[ pIde 3[1q D)) snodzowoy a1om syuaned DID [V ([orpensafduryla (yueuSaxd (D1D) paonpur-aandasesuod
1N | syuaned DD pue gOI ut pajussardarioao Apuesyruds spd[e DIEET 81 6e-0€) DOD PaxIN uerseone)) 0F) «S¥T ¥ (dDI) ¥ pue cnedsyenuy (D<LIEET) TT9L8TTST 11909V
‘uondeorad ured souonpur 0y syueLIeA THDD YIIM PIJOBINUL
(61) Te R asn D quaunear; qAJ Jopun Apuanmd syuaned Suoury saandasenuos 6£9€8F0TST
urppay ‘ured 10 sisouSerp qAd PIM SINS THDD JO UOTIRIIOSSE ON [BUOWLIOY ‘PAXTIA USIPaMS 701 86 AAd ur A1Anisuss uregq “TH9EVLEST £9TL008ST THDOD
‘uonoa1100 Jumnsal-ardnnur
(01) "Te 12 | 1oyye Juedyruds Jou sem sty 9dKjouad adfy-prm ot 03 pareduros AIyMm
Z}IMI0ZR] ured JyS1om s3] pey JueLIeA 8880451 61DTIAD JO SISLLIED jueidurr pisafouoyy | ‘eunet Ouedsiy V/N 9T uren JySe M $8£880L51 610TdAD
‘Juedyrudrs
(01) e 12 | Aqreonsnels sem aouaIdIp styy ‘osn juerdur [pxsadouoys Surmp AIYM
Z)IMIOZE] JySrom axowr 8y 1'H1 28eroae uo poured siorrred snofAzowor] juerdurr [onsadouoyy | ‘eune] Oruedsry V/IN 9.7 uren) JySo 66L07€651 1489

sbuipuy uiepy

‘uaaib ul payybnybiy ale s30343 uondeIUI

jJusabe

aAndasesuo)

puonejndod

1013U0D
‘ON

juaned
‘ON

wisiydiowAjod

1sod Jo asuapine yum swsiydiowAjod -asuodsal anidasesuod jeuowsoy palajje oy uonejad ui paipnys swsiydiowAijod jo Liewwns vy T 379V.L

frontiersin.org

03

Frontiers in Reproductive Health



Nuzzo et al.

TABLE 1 Continued

(ETaWilglellgle]

Contraceptive

©
[=
o)
2
L
>
Q
[¢)
a

No.

Polymorphism

Mulatero

Mulatero

etal (11)

Mulatero

etal (11)

Women were split into groups of normotensive, OC-induced

hypertensive, and latent essential hypertensive patients. The 235 T | et al. (11)
allele was more frequent in the OC—induced hypertensive group.

No significant association found

No significant association found independently (although non-

random distribution of genotypes noted when stratified by AGT

genotype)

g 8 |3
2 2 |E
j=9) j=9) j=9)
g g |3
< < <
- = -
£ £ |£
a =] a
Q Q Q
o &) &)
= b
< < «
= i~ =
S s |6
< < |=
< < |2
z z |z
- o |
(= (= (=
g s |2
=} (=) o))
< <+ <
) 5 |2
=] =] =]
S S S
B k7] k7]
=] = =]
jo3 o3 ]
= = =
B B (&
iz E

-

=]

<

E
@ =
s g
= P |8
= g |5
foa} 3
O Q
2 g
4 o

£

=]

=

Ay
= = m
Q ] Q
< < <

Frontiers in Reproductive Health

“Population descriptors based on articles where provided.

10.3389/frph.2025.1720994

role of the ABCBI11 bile salt export pump gene in the development
of CIC. Further work in these conditions could support to the
theory that certain individuals could be at elevated risk when
starting exogenous steroid hormones, although the etiology of
CIC is likely multifactorial and joint risk factors would need to
be considered to establish a full risk profile.

While estrogen-dependent disease progression may be
mediated by HCs due to the introduction of exogenous
hormones, there is additional evidence that HC use can alter
pain sensation overall or modify pre-existing conditions through
interactions with other genotypes. Research on provoked
vestibulodynia, a chronic pain condition characterized by pain
localized to the area surrounding the vaginal opening, found an
interaction between hormone status, pain, and SNPs on the
GCH]1 gene. This gene codes for a rate limiting enzyme for B4,
a cofactor in pain modulator synthesis. A 15 SNP combination
on the GCHI gene has been identified as protective and can be
identified by genotyping as few as 3 SNPs: rs8007267,
rs3783641, and 1rs10483639 (19). When studied in women
currently receiving treatment for vestibulodynia, a treatment-
hormonal interaction emerged. Carriers who did not take HCs
reported lower coital pain and higher pressure pain thresholds
on the arm while patients using HCs noted the reverse, with
carriers reporting more pain and lower pain thresholds than
non-carriers (19). The reversal may indicate that some aspect of
exogenous hormonal medication blocked protective pathways of
inherited polymorphisms, making these participants more likely
to develop or notice worsening symptoms of pre-existing
conditions after HC use was initiated. The authors speculated
that this could explain the tendency for some patients to do
better when taken off HCs, supporting the concern for frequent
discontinuations or medication switching in this group (19).

While numerous diseases may depend on gene-environment
interactions resulting in alterations in abdominal, pelvic, or
vulvar pain attributed to HC use, there is very limited coverage
in the literature, with conclusions muddled by contradictory
results. While it is difficult to determine how patients of a given
genotype may respond to specific hormonal medications given
the paucity of research, there is evidence that multiple genes,
perhaps most notably those responsible for mediating effects of
sex steroids, may mitigate or worsen disease and symptom
progression. Additional research may be able to further compare
the risks or benefits of different HCs for these patients or
investigate contraceptive users as a whole rather than specific
patient groups.

Mood, energy, and emotional effects

Along with physiological changes, HCs have been studied as
having numerous psychiatric side effects, ranging from
depressogenic to depression-protective in different patients (2).
Depression and mood-related side effects are frequently reported
following new HC prescriptions, and are commonly cited causes
for discontinuation (2, 4, 5).

frontiersin.org



Nuzzo et al.

10.3389/frph.2025.1720994

TABLE 2 A summary of rationale given in referenced articles as to why selected polymorphisms were studied .

Gene Why these genes were chosen

(protein)

CYP2C19 rs7088784 This was a retrospective study using data from prior research on 120 genetic variants in 14 genes | Lazorwitz

ESRI 159340799 encoding proteins involved in steroid hormone metabolism, regulation, or function. Of the 99 | et al. (10)

variants observed in this study’s population, 7 genetic variants were found to have significant
associations with weight gain, these 2 remained when adjusting for BMI on enrollment. Only the
ESRI gene was significant after Bonferroni correction.

GCH1 rs8007267 Prior studies had identified this set of polymorphisms on the GCHI gene as pain protective. Heddini
1s3783641 GCHL is a rate limiting enzyme in the cofactor of several pain modifiers. et al. (19)
rs10483639

ABCBI11 (BSEP) | rs2287622 (1331T > C) The Bile Salt Export Pump (BSEP) and multidrug resistance protein 2 (MDRP2) proteins were | Meier et al. (18)

ABCC2 (MRP2) | rs17222723 (3563T > A), previously proposed as candidates involved with hormonal cholestasis. The SNP in the ABCB11
1s8187710 (4544G > A) gene was previously found to be overrepresented in populations with drug induced cholestatic

liver injury and ICP. The ABCC2 SNP affects the expression levels of MRP2 which is a bilirubin
transporter.

ESRI TA repeats in promoter Previous studies showed certain numbers of TA repeats were more prevalent in patients with Hsieh et al. (17)

endometriosis. Estrogen receptor function suspected of contributing to pathology.

CYPI7A1 rs743572 (A1/A2 promoter This gene encodes a protein involved in estrogen biosynthesis. Some prior studies had associated
region polymorphism) the polymorphism with estrogen-mediated diseases such as breast cancer and polycystic ovarian

syndrome.

CLOCK rs1801260 This study was interested in alterations in circadian rhythms and mood. This SNP had previously | Armbruster

T3111C been found to be linked with dysregulated sleep in some patient populations and potentially to | et al. (21)
development of numerous psychiatric disorders. The authors note that estrogen affects circadian
rhythms and they hypothesized hormone status could explain variance in physiological
parameters.

NR3C2 (MR) 152070951 These SNPs classify mineralocorticoid receptor (MR) haplotype. The authors note variability in | Hamstra et al. (2)
1s5522 the depressogenic effects or depression-protection for OC users. They cite animal studies showing

estrogen and progesterone affect MR binding and that MR is tied to mood and stress response and
hypothesize that synthetic hormones effects on mood might be moderated by different MR
haplotypes

NR3C2 (MR) rs2070951 The team again looks at the interaction of sex steroids and the HPA axis by comparing MR Hamstra et al. (3)
1$5522 haplotype with hormone status

FKBP5 rs1360780 This team examines COC effect on the HPA axis. FKBP5 encodes a protein regulator of the HPA | Hertel et al. (20)

axis. This SNP is associated with alterations in the expression level of FKBP5, the T allele is

associated with increased expression and depression risk when combined with childhood trauma.

Because OCs are associated with higher levels of circulating cortisol, the authors test if the

combination of Ocs and the SNP cause stress-like alterations in gene expression.
ESR2 rs4986938 ESR2 has a role in vascular function and blood pressure regulation and previous studies had Chen et al. (22)
ESR2 rs1256049 shown polymorphisms linked to cardiovascular disease and hypertension. Per references, previous

studies had associated these SNPs with coronary artery disease and cardiovascular disease

respectively.

AGT rs699 (T235M) There is evidence showing the renin-angiotensin system is activated in OC-induced hypertension | Mulatero

AGT Promoter region but it is unclear how estrogen interacts with it and if there are protective genetic factors. The etal (11)

ACE Insertion/Deletion T235M polymorphism was previously associated with preeclampsia and essential hypertension.

Polymorphisms in the promoter region of the angiotensinogen gene have been associated with
essential hypertension. Alleles in the ACE insertion/deletion polymorphism were associated with
cardiovascular disease.

One of the most studied interactions is that of estrogen and
progesterone with regulators of the HPA-axis. Contraceptives
containing these hormones (in the form of progestins and ethinyl
estradiol) are thought to alter mineralcorticoid receptor (MR)
action in regulating stress responses, thereby affecting emotion
information processing, and to suppress or increase circulating
cortisol levels through different phases of the menstrual cycle (2,
3, 20). In researching this relationship, MR haplotype (defined by
SNPs rs2070951 and rs5522) was found to moderate the effect of
combined oral contraceptives on emotional recognition and
memory (2). Carriers of MR haplotypes 1 or 3 were found to be
more sensitive to the effects of HCs on negative emotional
memory and perception-bias (2). with these
haplotypes taking HCs were more aware of sad or fearful faces, a

Participants

finding previously recognized in patients with depression (2).

Frontiers in Reproductive Health

However, follow-up studies showed that haplotype was not
significant in moderating HC effect on affect itself (3).

Another HPA regulator, the FKBP5 protein (which inhibits
the role of glucocorticoid receptors in stress response to the
HPA cycle), is known to have upregulated expression in high-
cortisol environments (20). Hertel et al. found that while
circulating cortisol levels were higher in oral contraceptive users
(a known effect of combined HCs), FKBP5 transcription was
only upregulated in a subset of individuals. They postulated
that an FKBP5 SNP (rs1360780) could modulate the effect of
oral contraceptives and high cortisol on expression. Although
they were not able to show a direct effect of this SNP on
depressive outcomes, they proposed that specific FKBP5
genotypes may help identify patients at high risk for HC-related
mood disorders (20).

frontiersin.org
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Beyond the HPA axis, pharmacogenomic associations have
been found between HCs, startle response, and circadian
rhythm, potentially influencing perceived energy and stress. The
CLOCK gene, which plays a central role in circadian rhythm
and is implicated in numerous psychiatric disorders, was studied
by Armbruster et al. and found to have an interaction effect
with hormone status. SNP rs1801260 is linked with evening
wakefulness and sleep dysregulation, as well as possible affective
changes (21). In one subset of their study, Armbruster et al.
specifically tested reaction to emotional stimuli and circadian
rhythms in patients taking combined oral contraceptives
compared with free-cycling participants separated by CLOCK
genotype. It was found that while certain measures of startle
response (increased skin conductance and decreased corrugator
activity) was stronger in homozygous carriers of the T allele in
naturally-cycling users, these trends reversed in HC users (21).
HC wusers also exhibited less differential diurnal preferences
based on genotype than non-users (21). The differential
physiological stress response and reported sleep preferences may
indicate that in some users, HCs counteract natural energy
fluctuations and stress response mechanisms. New users
adjusting to these changes might notice these side effects as
altered mood, affect changes, or fatigue.

Overall, there is compelling, yet limited, evidence that
genotype can compound the effect of hormone status on mood
and energy levels. Certain combinations of alleles might make
some women more likely to experience unpleasant mood
alterations, depression, or sleep disturbances while taking HCs.
Identifying the link between specific HCs and varied emotional
lability is difficult in experimental research, however. One
limitation is that contraceptives were generally not compared
within these studies, with the majority of participants taking

combined oral contraceptives.

While HCs are generally associated with an increased risk of
hypertension, the mechanism is not well understood, and a
complex interplay between steroid hormones, the renin-
angiotensin system (RAS), and blood pressure is inferred (11).
The angiotensinogen (AGT) gene and ESR genes may all be
involved in the etiology of HC-induced hypertension (11, 22).
Angiotensinogen levels are found to be higher in women
using HCs, as estrogens induce production in the liver,
likely driving increased vasoconstrictor production (11, 22).
Two polymorphisms on the angiotensinogen gene (rs699
and promoter region variants) and one on the angiotensin
I converting enzyme gene (an insertion/deletion polymorphism)
have been researched as possible links to the physiological
pathways behind HC-induced hypertension (11). In women with
HC-induced hypertension compared with women with essential
hypertension, the frequency of the rs699T allele was higher, a
difference which increased when stratified by the insertion/
deletion polymorphism on the ACE gene (11). This suggests not
only genetic predisposition to angiotensinogen dysregulation
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also that
predisposition,

following exogenous introduction, but
SNPs
implying a complex, multifactorial genetic risk among the
RAS alone.

Further complicating the system, ESRI and ESR2 may also

estrogen

numerous interact to produce this

contribute to the pathology of this HC side effect. Estrogen
receptors present on smooth muscle cells are known to regulate
vasodilatory and vasoconstrictive proteins in these tissues (22).
At least one ESR2 polymorphism (rs1256049) has been shown
to have an interaction effect with combined oral contraceptive
use, as the heterozygote variant genotype (G/A) was found to be
significantly associated with hypertension, a trend amplified in
the population of subjects using HCs (22). Furthermore,
cumulative combined oral contraceptive use of 15 years or more
was found to have an increased effect on hypertension risk,
meaning that not only did combined oral contraceptive use
affect hypertension, but risk was dependent on duration of
exposure. The recessive genotype (A/A) was only slightly
associated with hypertension and was not a significant risk
factor, nor was a second ESR2 SNP (rs4986938) (22).

The multifactorial risk profile demonstrates the complexity
inherent to pharmacogenomic interactions. While evidence
suggests certain polymorphisms have a role in the development
additional SNPs on
interaction effect between these genotypes, and drug-exposure

of hypertension, related genes, the
length could all contribute to the complex picture of hormone-
induced hypertension, making it extremely difficult to get a
comprehensive picture of the syndrome. Blood pressure is easily
monitored in most clinical settings, which could allow for early
detection of HC-induced hypertension and medication
discontinuation, although without additional research, it may be
difficult to pinpoint which medications would be the safest
alternatives, or which patients are at the highest risk prior

to initiation.

In addition to the side effects reviewed above, HCs have been
implicated in many serious disease processes, including thrombus
formation, stroke risk, and breast cancer development (4, 6). Some
work has been done on gene/hormone-status interactions in
relation to breast cancer and deep vein thrombosis, implicating
variants on the BRCAI and the F5 genes as risk factors (23, 24).
While increased risk in any one of these conditions may be of
serious medical consequence, these variants were not covered in
depth by this review as our focus was common, burdensome
side-effects. These more serious, life-threatening conditions may
not produce symptoms until significant disease progression
occurs and patients are generally counselled against certain
HCs prior to initiating based on personal and family history
(4 6,
and environmental (contraceptive use) risk factors in influencing
these health further

clinical consideration.

). However, the potential for a joint effect of genetic

significant risks  bears study and
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In contrast, additional common side effects, such as migraines,
fatigue, and irregular vaginal bleeding are major sources of
medication discontinuation (5, 26). Unfortunately, the scarcity
of research into genetic risk factors for these symptomologies
limited their contribution to this review. Recent work in
transcriptomics does indicate differential expression of CXCL9
and TIMPI plays a role in timing and severity of abnormal
uterine bleeding in conjunction with HC use (26). Expanding
the current body of work into genomics may help explain
additional variance between side effect profiles. The contribution
of these side effects to HC discontinuation should not be

overlooked and holds potential as future avenues of study.

This narrative review synthesizes the current evidence on
genetic variation associated with hormonal contraceptive side
effects and identifies key gaps for future research. Although
there is a significant body of work supporting the role of
pharmacogenetic contributions to side effects in HC use, this
remains a broad and under-researched topic, limiting our ability
to understand the intricacies of individual drug response. The
diversity of contraceptive options and the large number of genes
that may contribute to side effects are obstacles to efforts to
build a more comprehensive systematic review. The strength of
this narrative review is our ability to integrate heterogeneous
early-stage findings from pharmacogenetics studies that are not
yet suited to systematic review methods. The primary limitation
is the restricted scope of available literature, which limits the
strength of our conclusions.

Despite these challenges, it is important to predict side-effect
risks to the best of our ability, as trial and error with
contraceptive prescriptions carries risks of discontinuation,
unwanted pregnancies, patient discomfort, and even severe
health risks. This narrative review offers a glimpse at the current
state of research and highlights the importance of further study
in examining the complex relationship between hormonal birth
the that their
side effect profiles in patients. Future

control and genetics, notion
alter

directions may include large-scale, genome-wide association

supporting
interactions

studies and considerations of hormone status in other groups,
such as post-menopausal women or pregnant women.
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