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Introduction: Few studies have examined the transfer of Ethinylestradiol (EE) into breastmilk in women using Combined Hormonal
Contraception (CHC). Most studies are decades old, from when EE doses (=50 pg) were higher than today (<35 pg).

Methods: Here, we asses EE levels in milk from breastfeeding women on CHC with low-dose EE (15-35 pg/day EE) using mass
spectrometry (MS). Our study included 14 breastfeeding women: 6 using oral CHC (15, 20, or 30 pg/day EE), 7 using a vaginal ring
(15 pg/day EE), and 1 using a transdermal patch (35 pg/day EE). A control group of 8 breastfeeding women not using hormonal
contraceptives was also included. All participants completed a background questionnaire and provided SmL of breast-milk. Samples
were lyophilized and extracted with methyl tert-butyl ether (MTBE) for Liquid Chromatography-Mass Spectrometry (LC-MS)
analysis. EE levels were assessed using high-resolution LC-MS, with a limit of quantification (LOQ) of 3.5 ng/mL.

Results: No measurable peak of the compound was found in any of the CHC users. To confirm that EE was not lost during sample
preparation, pure EE was added to control breast milk and successfully detected.

Conclusion: These findings suggest that EE transfer into breastmilk is less than 3.5 ng/mL, and therefore negligible compared to
endogenous estradiol. This first LC-MS—based study provides novel evidence supporting the lactation safety of modern low-dose
CHC, though larger studies with lower detection limits are needed for confirmation.

Plain Language Summary: Our findings suggest that the breast milk transfer of Ethinylestradiol (EE) from current low-dose
combined hormonal contraception (CHC) is negligible. As such, our findings suggest that modern low-dose CHC can be safely used

during breastfeeding, offering reassurance to both mothers, and healthcare providers.
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Introduction
After delivery and during breastfeeding, the recommended oral hormonal contraceptives are progesterone-only pills
(POP)." However, a common side-effect of POP is withdrawal bleeding (WB), breakthrough-bleeding (BTB), and
spotting, occurring in about 40% of users, compared to only 10% with Combined Hormonal Contraception (CHC).?
This bleeding, negatively affects many women, causing 25% to discontinue POP use.” WB and BTB are not a medical
concern, but they do justify CHC use during breastfeeding, if there is no risk of venous thromboembolism (VTE).*
A review comparing CHC vs POP use during breastfeeding found only two studies, which have lead to inconsistent
guidance.® On the one hand, the American College of Obstetricians and Gynecologists (ACOG) allows CHC use from six
weeks postpartum.” The ACOG relies on a study comparing 64 women using CHC (35 ug EE) and 63 women using POP,
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which found no difference in milk volume between the groups® In contrast, the World Health Organization (WHO)
recommends CHC use only six months postpartum.” The WHO guidance is based on research showing that CHC with
30 mg EE reduce milk volume, although it does not affect infant growth.'® Paradoxically, from 6 weeks to 6 months
postpartum, about half of physicians prescribe CHC, while the other half do not, due to concerns that Ethinylestradiol
(EE) may pass into breast milk and harm the infant.'" The main concern associated with CHC during breastfeeding, as
perceived by physicians, is a potential decrease in breast-milk production, gynecomastia in the infant, and a combination
thereof with thrombosis in the child.

Few studies have examined the transfer of EE into breast-milk. A 1978 study by Nilsson et al assessed the transfer of
EE into breast-milk.'? Breastfeeding women were given EE pills at two doses: 50 ug and 500 pg. EE was not detected in
the milk of those using the 50 pg dose—likely because levels were below the detection limit of the method used. In
contrast, EE was found in the milk of women taking the 500 png dose, with milk concentrations reaching 100 ng (or
0.02% of the maternal dose). Notably, this remains the only study to directly measure EE levels in breast milk. Another
study examined women taking 50-200 pg of EE, and found no estrogen in the infants nor any effect on growth.'> The
researchers concluded that, even if EE transfers into breast milk, it does so only in trace amounts and has no measurable
impact on the baby. Other studies have shown that maternal estrogen intake does not affect infants. For example, one
study followed 48 infants for eight years whose mothers used combined contraceptives and found no differences in
height, weight, health, or cognitive development compared to other children.'* Recently, a review article noted that most
of these studies were conducted over 50 years ago when EE doses were 50 pg.'> In contrast, modern CHC pills contain
much lower doses of EE (under 30 pg). The review recommended that, due to the limitations of earlier studies and the
need for effective postpartum contraception, future research should focus on breastfeeding women using current low-
dose combined hormonal methods—including pills, patches, vaginal rings, injections, and others.

While early studies provided valuable insights, they were based on higher doses of ethinylestradiol (EE) that were
standard at the time. These dosages (50 ng) are no longer applicable, as modern combined hormonal contraceptives
contain significantly lower doses of EE (under 30 pg). This change in dosage necessitates a re-examination of EE transfer
into breast milk. The existing uncertainty is also reflected in the varying guidance from health organizations: while the
American College of Obstetricians and Gynecologists (ACOG) permits the use of CHCs as early as six weeks
postpartum, the World Health Organization (WHO) recommends waiting until six months postpartum, underscoring
the urgent need for current and comprehensive data.

In this study, we assess EE levels in the breast milk of women using CHC administered orally, vaginally, or
transdermally. As a control, we also analyzed breast milk from women not using hormonal contraception. Our objective
is to determine if EE does indeed transfer into breast-milk, at any level measurable using mass spectrometry.

Methods
Breast-Milk Samples

This study analyzed the self-expressed milk from breastfeeding women using various CHC formulations with EE. Breast-
milk from women not using hormonal contraception served as a control. All samples were frozen immediately after self-
expression, and kept at —18°C until further preparation.

This study was non-interventional, and no contraception was prescribed by the authors. Breastfeeding women were
recruited via social media and enrolled after completing a background questionnaire (Supplementary Figure 1). The

questionnaire confirmed that all women were at least six weeks postpartum and were willing to provide a 5 mL breast-
milk sample. The questionnaire also confirmed that CHC users, self-expressed milk within 2—10 hours of the last oral
dose, five days after NuvaRing insertion, or 5 days after transdermal patch application. The timeframe for milk collection
was based on the long half-life (T;/,) of EE ranging from 13 to 17 hours. In addition, previous studies showed that EE
levels remained high for multiple hours after intake.'® Peak levels (~100%) were expected in the vaginal-ring and
transdermal-patch samples, and high-levels (>60%) were expected in the oral-pill samples. Finally, the questionnaire
collected additional information including age, height, weight, and use of other medication.
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This study was approved by the Helsinki Committee of Ziv Medical Center, Safed (Permit number 0123-22-Z1V). In
accordance with the Declaration of Helsinki, all participants provided informed consent.

Sample Preparation

Extraction and analysis of EE were performed using a slightly modified Matyash method.'” Briefly, 5 mL of breast-milk
was lyophilized at —110°C, yielding, on average, 800 mg of lyophilized dry milk-powder. For each sample, 300 mg of
powder were transferred to separate 2 mL Eppendorf tube for extraction. EE and its potential metabolites were extracted
using 1 mL of pre-cooled (—20°C) methanol:methyl-tert-butyl-ether (MTBE) solution (1:3, v/v) containing the following
internal standards: 0.1 pg/mL of phosphatidylcholine (17:0/17:0) (Avanti Polar Lipids, Alabaster, AL, USA), 0.4 ng/mL
of phosphatidylethanolamine (17:0/17:0) (Avanti Polar Lipids, Alabaster, AL, USA), and 2 pg/mL cannabidiol (synthe-
sized and recrystallized in our lab, 100% purity). Tubes were vortexed, then sonicated for 30 minutes in an ice-cold
sonication bath, with brief vortexing every 10 minutes. After sonication, 0.5 mL of UPLC-grade water:methanol solution
(3:1, v/v) were added. Then, tubes were centrifuged at 17,950 x g, and the upper organic phase was collected. The
remaining polar phase was re-extracted as described above with an additional 0.5 mL of MTBE. Both organic phases
were combined, dried using SpeedVac (Savant, Thermo Scientific, USA), and dried sample extracts were stored at —80°C
until further analysis. Importantly, the study was blinded, and all samples were labeled so as not to infer potential bias.

Sample Stability

To confirm EE stability, and to ensure that it is not destroyed during sample preparation, control breast-milk (ie, from
a woman not using CHC) was spiked with EE to a final concentration of 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78,
0.39, 0.195 and 0.0975 pg/mL EE (Databiotech). These samples, also used to evaluate the extraction consistency,
underwent the same extraction process, as detailed above.

Mass-Spectrometry (MS) Coupled with Liquid Chromatography (LC)

High-resolution mass spectra were obtained using a Xevo G2-XS QTof mass spectrometer (Waters), equipped with an
ACQUITY UPLC system (Waters). Data were acquired using resolution mode under positive electrospray ionization
(ESI). Acquisition range was set to 50—1500 m/z, with a capillary voltage of 1.5 kV, and a cone voltage of 40 V. Each
scan time was 1.0 seconds. All data were acquired in centroid mode by the MassLynx NT4.1 software and analyzed by
QuanLynx program (Waters).

For analysis, dried sample extracts (from 3 mL milk) were re-suspended in 100 pL. mobile phase B (see composition
below), centrifuged again at 17,950 x g at 4°C for 10 min, filtered through 0.2 um-pore filters, and transferred to HPLC
injection vials.

Samples were injected into a BEH C18 column (1.7 micron particle size, 2.1 x 50mm, Waters) which was maintained
at 30°C throughout the analysis. Unless specified otherwise, all solvents were obtained from Merck (Rehovot, Israel).

The mobile phase solvents consisted of: (A) water with 0.05% formic acid, (B) Acetonitrile with 0.05% formic acid,
and (C) Methanol. Flow rate was constant at 0.3 mL/min, with constant solvent C elute at 3% for the whole run. The
gradient elution began with 1% solvent B until 1.5 minutes, then increased to 48% at 2.25 minutes, and reached 96% at
2.7 minutes. This concentration remained stable for another 3.9 minutes, until 7.05 minutes. Then, solvent B was reduced
back to 1% at 10 minutes, and the column was re-equilibrated for another 3 minutes. The gradient elution profile is
shown in Supplementary Table 1.

MS Calibration Standard

The control mass of EE (Databiotech) was identified using the following MS parameters: the source and de-solvation
temperatures were maintained at 150°C and 400°C, respectively. The capillary voltage was 1.5 kV, and cone voltage was
40 V. Nitrogen was used both as desolvation gas (800 L/h), and cone gas (150 L/h). Detection was performed in positive-
ion mode using ESI technique, and quantification was performed with MS1 centroid mode.

To assess the precision and accuracy of our methodology, calibration standards and quality control (QC) samples was
prepared. A stock solution of EE (Databiotech) was prepared at 1 mg/mL in acetonitrile, followed by serial dilution with
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acetonitrile immediately before use, to concentrations of 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78, 0.39, 0.195 and
0.0975 pg/mL. Calibration standards were used to generate a calibration curve, which was calculated using a weighted
linear regression model with weighted linear curve fit equation, 1/x. Calibration curves were considered valid if the
correlation coefficient (r) exceeded 0.98.

Results
Breast-Milk Samples

This study analyzed the self-expressed breast-milk of women (N=14) using various formulations of CHC with EE. As
a control, the study used the self-expressed breast-milk of women (N=8) using no hormonal contraception. The
composition of each CHC, as well as the EE dose, and number of breastfeeding women, is detailed in Table 1.

Each of the women completed a background questionnaire, before providing a milk sample. Table 2 lists the self-
reported age of the breastfeeding women, the age of her infant, as well as her body-mass index (BMI). No significant
differences were observed among the CHC user and control group. The CHC oral pill users reported that breast-milk was
pumped 2-10 hours after the last pill. The CHC Nuvaring users reported that at least 5 days have passed since ring
insertion. The CHC transdermal patch users reported that at least 5 days have passed since patch application. The self-
reported medications included: vitamin D, vitamin B12, Prenatal Multi-vitamin, Bee pollen, Moxyvit Forte
(Amoxicillin), Relvar Ellipta (Fluticasone/Vilanterol), Bilaxten (Bilastine), Montelukast Trima (Montelukast),
Euthyrox (Levothyroxine), and Viepax (Venlafaxine). The self-reported medication were not suspected of altering EE
levels, through pharmacokinetic interactions, as posited by the Drug Interaction Checker Medscape (http://reference.
medscape.com/drug-interactionchecker, accessed on June 2025).

Table | Combined Hormonal Contraception (CHC) Used

CHC Progestin Estrogen Formulation | Users
Brand Name Generic Dose (mg) | Ethinylestradiol N
Name Dose (ng)
Feminet Desogestrel 0.15 20 Oral |
Yasmin Drospirenone 3 30 Oral |
Yaz Drospirenone 3 20 Oral |
Microgynon Levonorgestrel 0.15 30 Oral 2
Minesse Gestodene 0.06 15 Oral |
Novaring Etonogestrel 0.120 15 Vaginal 7
Evra Patch Norelgestromin | 0.150 (daily) 35 (daily) Transdermal |
Table 2 Women Characteristics
CHC Users* | Non-Users” | P-value" Range

N 14 8

Woman age (years) 27.2 (+£3.86) 30.6 (¥7.22) 0.251 2244

Infant age (months) 8.1 (£ 4.18) 7.1 (£ 3.87) 0.504 1.5-19

Body mass index (kg/m?) | 252 (x 4.07) | 22.3 (+2.89) 0.075 18.9-35.2

Notes: *Women that used Combined Hormonal Contraception (CHC). *Women that did not use
hormonal contraception. "P-values below 0.05 were considered statistically significant.
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Each of the women provided a 5 mL breast-milk sample. Importantly, the milk samples were frozen immediately after
self-expression, and kept at —18°C until further use. All samples were prepared for MS analysis as described in the
methods. Lyophilization of 5 mL of breastmilk, resulted in ~800 mg of dry milk-powder per tube. Extraction using the
modified Matyash method'” with 800 mg dry milk-powder, yielded less than 1 mg of solids for analysis using MS.

Mass Spectrum (MS) Calibration Standard

Figure 1 shows the spectrum of EE standard. A prominent peak of EE was identified at 279.1748 gr/mol
(M — H,O + H]" ), and was observed in full certainty in the standard. The spectrum also showed a minor peak at
the expected molecular mass of EE at 297.1848 gr/mol ([M + H]") close to the theoretical monoisotopic mass 297.1776
gr/mol). The prominent peak was due to fragmentation during ionization, and loss of a water molecule (297.17-279.17 =
18 gr/mol). The mass spectrum of EE suffered from fragmentations, and measurement was challenging, as reported
earlier.'® Notably, EE derivatization with Dansyl Chloride failed to improve sensitivity significantly (unpublished data,
Soliman Khatib lab), despite earlier successful reports.'® In addition, negative electrospray ionization (ESI) also failed to
improve sensitivity significantly (unpublished data, Soliman Khatib), despite earlier successful reports.*’

Figure 2 shows the calibration curve of the EE standard. Figure 2 shows a clear correlation between the amount of EE
injected, and the area under the curve (AUC) of the EE peak at 279.1744 gr/mol that appeared in the spectrometer. The
calibration was performed with serial dilutions of the EE standard, and the R-squared value was 0.9942, indicating an
excellent fit. The lowest measurable concentration of EE was 0.0975 pg/mL (ie, ~100 ng/mL). Any further dilution did
not result in a peak.

LC-MS of Samples

Remarkably, none of the extracted breast-milk samples showed any peaks for EE. Figure 3 shows examples of LC-MS
spectra of milk-samples derived from one of the 14 women using CHC (Figure 3A), and from one of the 8 control
women, not using any CHC (Figure 3B). Figure 3 also shows LC-MS spectra of one of the control women spiked with
EE (100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78, 0.39, 0.195 and 0.0975 pg/mL), and the standard pure EE (100 ng/mL
EE). Only the control sample spiked with EE standard (Figure 3C), and the EE standard sample (Figure 3D) display
a peak at 4.02 minutes, and corresponding to EE with 279.1744 gr/mol. No other milk-samples derived from any of the
women displayed EE peak corresponding to EE.

279.1744[M-H20+H]"
100 -

%

279.1777

125.9858

N\ 159.0800 2971252 297.1848 [M+H]*
0 [TIT N T L -

T T T T T T T T T U T

50 100 150 200 250 300 m/z

Figure | Mass spectrum of Ethinylestradiol (EE) standard. Shown is the spectrum of pure EE. Only a minor peak at 297.1848 gr/mol corresponds to the expected mass, and
the major peak at 279.1744 gr/mol corresponds to the dehydrated form. Notably, fragmentation is common.
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Figure 2 Calibration curve for Ethinylestradiol (EE) standard. Shown is the AUC of increasing EE concentrations (100, 50, 25, 12.5, 6.25, 3.125, 1.56, 0.78, 0.39, 0.195, and
0.0975 pg/mL). Note the high correlation between AUC and EE concentration inserted in the MS.
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Figure 3 LC-MS of extracted milk samples. Shown are samples extracted from breast-milk that were subjected to LC-MS of (A) a woman that used CHC, (B) a control
woman that used no CHC, (C) another woman that used no CHC, laced with EE. Shown in (D) is the LC-MS spectrum of a standard EE sample. The x-axis is the elution
time until peak appearance (in minutes) and corresponds to a peak of EE at 279.17 gr/mol.
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Notably, the presence of a compound with the molecular weight of 279.0948 gr/mol in the samples did not correspond
to EE, as was found in milk samples of CHC-users as well as non-users. This substance did not correspond to EE as
attested by its presence in the breastmilk of those who did not use CHC.

The limit of detection (LOD) of EE with LC-MS in spiked milk was 0.0975 pg/mL (~100 ng/mL). Because we
concentrated milk samples from 3 mL to 100 pL (times 30), the limit of quantification (LOQ) of EE was calculated as
~3.5 ng/mL (~100/30 ng/mL). As such, our data suggest that EE did not transfer into, at a concentration higher than ~3.5
ng/mL, for any of the breastmilk samples. However, to ascertain that there is no EE in the breastmilk, studies with
a larger number of participants, and a lower detection threshold, are needed.

Stability Assay

To confirm the stability and recovery of EE during sample preparation, surplus control breast milk (from a woman not
using CHC) was spiked to various final concentration of EE (100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78, 0.39, 0.195
and 0.0975 pg/mL). These samples underwent the same extraction process, and EE was successfully detected at 279.17
gr/mol (Figure 3C). Notably, the peak area was correlated with the EE concentration (R=0.99). This confirmed that the
EE peaks at 279.17 gr/mol remain intact throughout sample preparation and MS analysis, and that LOD concentrations
can be detected.

Discussion

To evaluate the lactation-safety of combined hormonal contraception (CHC) during nursing, we measured the presence of
Ethinylestradiol (EE) in the breast-milk of women using low-dose CHC. Using liquid chromatography — mass spectro-
metry (LC-MS), we found no EE concentration, exceeding 3.5 ng/mL, in milk samples CHC-users. As a control, we
analyzed the breast-milk of women who nursed and did not use any hormonal contraceptives. EE with a molecular mass
of 279.1711 gr/mol was only detected in samples into which we intentionally introduced EE at known quantities. In
addition, we found no difference in the results of either CHC group, whether using the vaginal ring (Etonogestrel
0.12 mg/day and EE 15 pg/day), contraceptive patches (Norelgestromin 0.15 mg/day and EE 35 pg/day), or oral
contraceptives (Table 1). Thus, no EE was detectable, at a concentration higher than 3.5 ng/mL, in any of the breast-
milk samples. In light of our stability assay, we conclude that EE is not to be found in milk samples at a concentration
above this limit.

To the best of our knowledge, our study is the first to use LC-MS to detect EE in human breastmilk samples. Our
findings are less sensitive, but consistent with earlier studies that used radiolabeled EE to estimate breast-milk
concentration by radioimmunoassay.'* That study also found EE levels in milk of women taking CHC (50 pg EE) to
be below the detection limit of 50 pg/mL. Based on the data from women using high-dose EE (500 pg), the estimated
theoretical EE concentration for those using CHC (50 ug EE) was 5-20 pg/mL. The maximum theoretical dose ingested
by a fully nursed infant was estimated at 10 ng — only 0.02% of the maternal dose (50 pg EE). In our study, the estimated
dose ingested by infants from mothers using 15, 20, or 30 ug EE CHC is less than 3, 4, and 6 ng/day, respectively —
quantities considered negligible compared to endogenous levels of estradiol (E2) in mature breast milk — that is the
weighted concentrations of free E2 at 15 days postpartum — ranging from 0 to 18.5 ng/mL.?!

Our findings are also consistent with FDA data related to Ortho Evra (EE 35 pg/day), and after application of a single
transdermal patch, the steady state blood concentration (Css) of EE is estimated to 80 pg/mL (www.accessdata.fda.gov/
drugsatfda docs/label/2008/021180s0261bl.pdf, accessed in July 2025). In comparison, oral CHC (EE 35 pg/day) results
in a Css of 50 pg/mL, and breast-milk levels of EE are not expected to exceed these systemic levels. A potential

limitation of this study is the unexpected low sensitivity of the MS assay (<3.5 ng/mL) which restricts exact quantifica-
tion. As such, our study can serve as supporting evidence to earlier findings, through a different measurement technique.

These findings suggest that EE exposure through breast-milk is minimal, supporting CHC lactation-safety. CHC is
a contraception alternative with fewer bleeding issues than progestin-only pills (POP)." As POP discontinuation due to
inconvenience is common, and can lead to unplanned pregnancies, access to alternative contraception like CHC is important.
Although health organizations such as the ACOG allow the use of CHC starting 6 weeks after birth in lactating women, about
50% of physicians still avoid prescribing it due to concerns about reduced milk-supply and potential EE transfer to infants.'" As
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the potential concern of a possible decrease in the milk amount has been challenged by various studies,’ it is crucial to ascertain
that EE doe not pass into breast-milk. Our study verifies the lactation-safety of CHC, nevertheless, informed discussion with
patients about the potential risks and benefits of EE are paramount in clinical settings.

Limitations

Several limitations should be noted in our study. First, we did not detect EE directly in any of the non-spiked milk
samples, and MS may not be suitable for this purpose. Second, we also did not assess whether EE is metabolized into
other forms of estradiol. Third, breast-milk was not collected at standardized time points following CHC intake. The
average time between pill ingestion and milk collection was 4.5 hours (range: 2—10 hours), and higher EE levels may
have occurred at other intervals. Fourth, the detection limit of our MS method for EE in unconcentrated milk was 100 ng/
mL, but it did not exclude lower concentrations. By concentrating our milk-samples 30 times, the effective detection
threshold was lowered, and the limit of quantification (LOQ) was 3.5 ng/mL. If a 6-week infant consumes 600 mL
per day, this corresponds to 2.1 ug EE/day. If an 6-months infant consumes one liter of breast-milk per day, this
corresponds to 3.5 pg EE/day, and more studies using more sensitive detection methods, and other internal-standards, are
warranted to fully assess EE transfer. Finally, as our study included a relatively small number of participants, statistical
power is limited, which may affect the precision of our conclusions and interpretation of the findings.

Conclusion

Our study demonstrates that Ethinylestradiol (EE) from combined hormonal contraception (CHC) is not detectable in
breast milk at concentrations exceeding 3.5 ng/mL. While these findings suggest minimal to no transfer of EE during
breastfeeding, further studies are required using larger study populations and more sensitive analytical methods to fully
confirm the safety of CHC use during lactation.

Abbreviations

BTB, Breakthrough Bleeding; CHC, Combined Hormonal Contraception; E2, estradiol; EE, Ethinylestradiol; EI,
Electrospray lonization; LOD, Limit of Detection; LOQ, Limit of Quantification; MS, Mass Spectrometry; MTBE,
Methyl tert-butyl ether; LC, Liquid Chromatography; POP, Progesterone-only pills; UPLC, Ultra-performance liquid
chromatography; VTE, Venous Thromboembolism; WB, Withdrawal Bleeding.

Acknowledgments
We thank Prof. Soliman Khatib and Mr Ron Schweitzer of Galilee Research Institute (MIGAL) for derivatizing EE with
Dansyl Chloride, and for measuring MS with the derivative.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This study was funded by a Katz Foundation grant to AOS.

Disclosure
The authors declare no competing interests.

References

1. Fritz M, Speroff L. Clinical Gynecologic Endocrinology & Infertility. 8th ed. Philadelphia: Lippincott Williams & Wilkins; 2011.

196 htps: Open Access Journal of Contraception 2025:16



Segev et al

N

> w

W

foe]

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Allen R, Villavicencio J. Unscheduled bleeding and contraceptive choice: increasing satisfaction and continuation rates. Open Access J Contracept.

2016;43. doi:10.2147/0AJC.S85565

Kovacs G. Progestogen-only pills and bleeding disturbances. Hum Reprod. 1996;11(suppl 2):20-23. doi:10.1093/humrep/11.suppl 2.20

Segev L, Samson AO, Katz-Samson G, Srebnik N. The risk of breakthrough bleeding justifies the use of combined hormonal contraception over
progesterone-only pills while breastfeeding. Breastfeed Med. 2023;18(2):84-85. doi:10.1089/bfm.2022.0277

. Sausjord IK, Acton LW, White KO, O’Connor SK, Lerner NM. Breastfeeding and hormonal contraception: a scoping review of clinical guidelines,

professional association recommendations, and the literature. Breastfeed Med. 2023;18(9):645-665. doi:10.1089/bfm.2023.0118

. Lopez LM, Grey TW, Stuebe AM, Chen M, Truitt ST, Gallo MF. Combined hormonal versus nonhormonal versus progestin-only contraception in

lactation. Cochrane Database Syst Rev. 2015;2015(3). doi:10.1002/14651858.CD003988.pub2

. American College of Obstetricians and Gynecologists. ACOG practice bulletin no. 206: use of hormonal contraception in women with coexisting

medical conditions. Obstetrics Gynecol. 2019;133(2):e128—150. doi:10.1097/A0G.0000000000003072

. Espey E, Ogburn T, Leeman L, Singh R, Ostrom K, Schrader R. Effect of progestin compared with combined oral contraceptive pills on lactation.

Obstetrics Gynecol. 2012;119(1):5-13. doi:10.1097/A0G.0b013e31823dc015

. World health organization (Geneva) medical eligibility criteria for contraceptive. Available from: https:/iris.who.int/bitstream/handle/10665/

181468/9789241549158 eng.pdf?sequence=9. Accessed March 10, 2025.
Tankeyoon M, Dusitsin N, Chalapati S, et al. Effects of hormonal contraceptives on milk volume and infant growth. Contraception. 1984;30
(6):505-522. doi:10.1016/0010-7824(84)90001-5

. Segev L, Weitzman G, Katz-Samson G, Samson AO, Shrem G, Srebnik N. Combined hormonal contraception during breastfeeding—a survey of

physician’s recommendations. J Clin Med. 2023;12(22):7110. doi:10.3390/jcm12227110

Nilsson S, Nygren K-G, Johansson EDB. Ethinyl estradiol in human milk and plasma after oral administration. Contraception. 1978;17
(2):131-139. doi:10.1016/0010-7824(78)90069-0

Pinheiro E, Bogen DL, Hoxha D, Wisner KL. Transdermal estradiol treatment during breastfeeding: maternal and infant serum concentrations. Arch
Womens Ment Health. 2016;19(2):409-413. doi:10.1007/s00737-015-0532-1

Nilsson S, Mellbin T, Hofvander Y, Sundelin C, Valentin J, Nygren KG. Long-term follow-up of children breast-fed by mothers using oral
contraceptives. Contraception. 1986;34(5):443-457. doi:10.1016/0010-7824(86)90054-5

Tepper NK, Phillips SJ, Kapp N, Gaffield ME, Curtis KM. Combined hormonal contraceptive use among breastfeeding women: an updated
systematic review. Contraception. 2016;94(3):262-274. doi:10.1016/j.contraception.2015.05.006

Zhang C, Li H, Xiong X, et al. An open-label, two-period comparative study on pharmacokinetics and safety of a combined ethinylestradiol/
gestodene transdermal contraceptive patch. Drug Des Devel Ther. 2017;11:725-731. doi:10.2147/DDDT.S131123

Matyash V, Liebisch G, Kurzchalia TV, Shevchenko A, Schwudke D. Lipid extraction by methyl-tert-butyl ether for high-throughput lipidomics.
J Lipid Res. 2008;49(5):1137-1146. doi:10.1194/j1r.D700041-JLR200

Wheaton JP, Chambers EE, Fountain KJ. Challenges in developing an ultra-sensitive bioanalytical method for ethinylestradiol in human plasma.
Bioanalysis. 2012;4(7):769-781. doi:10.4155/bio.12.29

Westhoff CL, Pike MC, Tang R, DiNapoli MN, Sull M, Cremers S. Estimating systemic exposure to ethinyl estradiol from an oral contraceptive.
Am J Obstet Gynecol. 2015;212(5):614.e1-614.¢7. doi:10.1016/j.ajog.2014.12.007

Wang H-X, Zhou Y, Jiang Q-W. Simultaneous analysis of nine estrogens in milk powder with ultra-performance liquid chromatography coupled to
quadrupole time-of-flight mass spectrometry. Chin J Anal Chem. 2011;39(9):1323-1328. doi:10.1016/S1872-2040(10)60469-0

Jin X, Perrella SL, Lai CT, Taylor NL, Geddes DT. Oestrogens and progesterone in human milk and their effects on infant health outcomes:
a narrative review. Food Chem. 2023;424:136375. doi:10.1016/j.foodchem.2023.136375

Open Access Journal of Contraception Dovepress
Taylor & Francis Group

Publish your work in this journal

Open Access Journal of Contraception is an international, peer-reviewed, open access, online journal, publishing original research, reports,
reviews and commentaries on all areas of contraception. In addition to clinical research, demographics and health-related aspects, the journal
welcomes new findings in animal and preclinical studies relating to understanding the biological mechanisms and practical development of
new contraceptive agents. The manuscript management system is completely online and includes a very quick and fair peer-review system. Visit
http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/open-access-journal-of-contraception-journal

Open Access Journal of Contraception 2025:16 Ei X in a 197


https://doi.org/10.2147/OAJC.S85565
https://doi.org/10.1093/humrep/11.suppl_2.20
https://doi.org/10.1089/bfm.2022.0277
https://doi.org/10.1089/bfm.2023.0118
https://doi.org/10.1002/14651858.CD003988.pub2
https://doi.org/10.1097/AOG.0000000000003072
https://doi.org/10.1097/AOG.0b013e31823dc015
https://iris.who.int/bitstream/handle/10665/181468/9789241549158_eng.pdf?sequence=9
https://iris.who.int/bitstream/handle/10665/181468/9789241549158_eng.pdf?sequence=9
https://doi.org/10.1016/0010-7824(84)90001-5
https://doi.org/10.3390/jcm12227110
https://doi.org/10.1016/0010-7824(78)90069-0
https://doi.org/10.1007/s00737-015-0532-1
https://doi.org/10.1016/0010-7824(86)90054-5
https://doi.org/10.1016/j.contraception.2015.05.006
https://doi.org/10.2147/DDDT.S131123
https://doi.org/10.1194/jlr.D700041-JLR200
https://doi.org/10.4155/bio.12.29
https://doi.org/10.1016/j.ajog.2014.12.007
https://doi.org/10.1016/S1872-2040(10)60469-0
https://doi.org/10.1016/j.foodchem.2023.136375
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Breast-Milk Samples
	Sample Preparation
	Sample Stability
	Mass-Spectrometry (MS) Coupled with Liquid Chromatography (LC)
	MS Calibration Standard

	Results
	Breast-Milk Samples
	Mass Spectrum (MS) Calibration Standard
	LC-MS of Samples
	Stability Assay

	Discussion
	Limitations
	Conclusion
	Abbreviations
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

