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Abstract

Background: Chemicals inhaled or ingested by mothers can be present in their milk. Our objective was to
determine levels of nicotine, cotinine, and caffeine in human milk purchased via the Internet.
Materials and Methods: We purchased human milk (n=102) via the Internet and abstracted seller advertise-
ments for information volunteered about tobacco and caffeine use. Nicotine, cotinine, and caffeine levels in the
milk were quantified by mass spectrometry according to published protocols.
Results: No sellers indicated smoking in their advertisement. Many of the milk samples (58%) had detectable
nicotine or cotinine; four (4%) of the samples had nicotine or cotinine levels high enough to indicate active
smoking. Twelve (12%) sellers said in their advertisements that they specifically limit (4%) or avoid (8%)
caffeine entirely. Five (5%) of the samples had caffeine levels consistent with consuming at least 1 cup of
coffee 2 hours prior to milk expression. Detectable amounts of caffeine were found in almost all of the samples
(97%).
Conclusions: In 102 milk samples, we detected evidence of active smoking, secondhand smoke exposure, and
almost ubiquitous caffeine consumption. Buyers of human milk on the Internet should be aware that adver-
tisements do not always include accurate information as to what substances may be present. Sellers may
misrepresent their health behaviors or be unaware of lifestyle factors that can lead to exposure to nicotine and
caffeine.

Introduction

HUMAN MILK IS THE OPTIMAL nutrition for infants.1,2 In the
United States, rates of human milk feeding have in-

creased over the past decades, which shows that mothers are
trying to adhere to this message.3–6 There are times, however,
when a mother cannot breastfeed or has an inadequate supply
of her own milk. In those situations, families may seek al-
ternative sources of human milk produced by another mother.
Human milk sharing has been documented as far back as in
the Koran and the Bible as lactating women used to put other
mothers’ infants directly to their breasts to suckle.7–11 At
present, the majority of women express their milk with an
electric pump12 and save it in storage receptacles.13 Those
women who produce greater quantities of milk than are
needed by their own infants may choose to share their excess.

The Internet has pragmatically facilitated the process of
sharing and selling milk among women with abundance and
families in search of extra milk.14–18

The informal sharing of unpasteurized human milk outside
the purview of a recognized milk bank is not supported by
health authorities. The U.S. Food and Drug Administration,19

the American Academy of Pediatrics,20 and the Canadian
Pediatric Society21 caution against feeding infants raw milk
from unfamiliar sources. There was a recent alert in the
United Kingdom for ‘‘urgent action’’ to regulate the practice
of sharing human milk due to the potential unsafe exposures
to the recipient infant, particularly the exposure to potentially
harmful bacteria.22 Of human milk samples that we pur-
chased on the Internet, 45% of the samples arrived at greater
than 4�C, and 74% contained high counts of aerobic or de-
tectable pathogenic bacteria.23 Moreover, 10% of samples
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contained quantities of bovine DNA indicative of greater
than incidental contamination.24 Although it is unknown how
often milk is informally shared or sold outside of nonprofit
milk banks, we estimated that in 2011 there were over 13,000
online milk sharers annually.25

Many chemicals inhaled or ingested by lactating women
are detectable in human milk.26,27 On popular milk ex-
changes, sellers of human milk will sometimes offer their
smoking and drug use status.28–31 In a previous study, we
found that 41% of milk sellers or donors volunteered in their
advertisements that they were nonsmokers, none acknowl-
edged being a smoker, and the remainder were silent on the
smoking issue.25 Caffeine was less commonly declared; only
in 11% of the advertisements did mothers say that they ab-
stained from caffeine ingestion.25 Two percent said that they
‘‘limited’’ caffeine use, and the remaining participants said
nothing about caffeine. The odds ratio of providing lifestyle
claims was significantly higher among milk sellers compared
with milk sharers, suggesting that milk sellers may be more
motivated to market their milk.25 Although it is up to the
online milk providers and recipients to discuss health be-
haviors when sharing or selling milk, the information in the
initial advertisement is notably incomplete and inconsistent
even when discussing practices such as hygiene. Our goals
for this study were to assess the accuracy of sellers’ state-
ments when advertising their tobacco status and caffeine
consumption and to explore the extent of possible exposure
for recipient infants to nicotine, its metabolite cotinine, and
caffeine.

Materials and Methods

During 2012, we sent a standard e-mail inquiry expressing
interest in buying a small amount of human milk to indi-
viduals who posted a public advertisement on the Internet
searching for buyers. We abstracted information from each
advertisement using a standard form. We did not ask mothers
specifically about nicotine or caffeine use, nor did we attempt
to seek out or exclude mothers who might knowingly or
unknowingly use these substances. More detailed methods
about sample acquisition have been published previously.15

Samples were analyzed for biomarkers of tobacco and

caffeine exposure. For tobacco, we analyzed cotinine and
nicotine concentrations, although our primary focus was
cotinine because it is the main biomarker used to distinguish
smokers from nonsmokers and is less variable than nicotine,
which has a short half-life.32 For caffeine use, we measured
caffeine levels directly.

Human milk samples were stored at -20�C until needed.
A 1-mL aliquot was used for analysis. Nicotine-d4 and
caffeine-d9 internal standards were added prior to organic
extraction (chloroform:isopropanol 90:10). After drying and
reconstitution, the samples were transferred to injection vials
for liquid chromatography/tandem mass spectrometery anal-
ysis. The samples were analyzed by liquid chromatography/
tandem mass spectrometery using multiple reaction moni-
toring. Milk concentrations of nicotine, cotinine, and caffeine
were calculated using experimentally derived standard curves
and isotope dilution techniques.

The limit of detection (LOD) was 2 ng/mL for nicotine,
0.05 ng/mL for cotinine, and 5 ng/mL for caffeine. Samples
were classified as coming from active smokers if cotinine
values were greater than 4.47 ng/mL. This cutoff was estab-
lished by Benowitz et al.33 based on serum samples from
female smokers and nonsmokers in the representative U.S.
National Health and Nutrition Examination Study. That study
found 4.47 ng/mL to be the optimal cutoff for adult females to
distinguish likely active smokers. Although the study of
Benowitz et al.33 analyzed serum and not human milk, Luck
and Nau34 found serum and milk cotinine levels to be very
highly correlated (r=0.89) and with concentrations of similar
magnitude, even several hours postexposure. Samples with
cotinine values below 4.47 ng/mL but above the LOD were
considered to be from nonsmokers exposed to environmental
tobacco smoke, and samples below the LOD were considered
to be exposed to very low or no environmental tobacco
smoke. Any caffeine concentration above the LOD was
considered to be positive for maternal caffeine ingestion.

Results

Nicotine/cotinine

No sellers admitted to smoking in their advertisement.
Sixty-six (65%) sellers specifically stated that they abstained

Table 1. Human Milk Nicotine and Cotinine Concentrations, Likely Clinical Correlation,

and Relevant Advertisement Excerpt

Seller Nicotine (ng/mL) Cotinine (ng/mL) Likely clinical correlation

1 33.6 133.6 Active smokera

2 23.2 17.8 Active smokera

3 2.4 6.3 Active smokera

4 0.95 5.4 Active smokera

5 15.8 1.3 Not a regular smoker, but recently smoked or had heavy
secondhand smoke exposurea

6–59 <5.2 >0.05 (LOD) and <4.47 Secondhand smoke exposure
60–98 Below LOD Below LOD No or very low secondhand smoke exposure
99–102 No detectable peak Below LOD No or very low secondhand smoke exposure

aAssociated relevant advertisement excerpts: Seller 1, ‘‘My milk is from a smoke-free house, it is alcohol-free, drug free’’; Seller 2:
‘‘Smoke free, drug free and medication free home’’; Seller 3, no mention of smoking, caffeine ingestion, or other substances in this ad;
Seller 4, ‘‘Healthy . With Two Healthy Babies (Both Breast Fed) Smoke and Alcohol Free . ’’; and Seller 5, ‘‘I am a healthy drug
free . woman .. ’’

LOD, limit of detection.

420 GERAGHTY ET AL.



from smoking; 36 (35%) were silent on tobacco use. None-
theless, four (4%) samples had cotinine levels high enough to
indicate active smoking. One additional sample had high
nicotine but low cotinine levels, which we interpreted to
suggest a very recent, but isolated, use of tobacco or very
heavy secondhand smoke. Overall, 59 (58%) samples had
detectable nicotine or cotinine (Table 1).

For comparison, we plotted nicotine and cotinine values
from the present study alongside values in human milk pre-
viously reported by Pelligrini et al.32 for a sample of known
active smokers (Fig. 1).

Caffeine

Twelve (12%) sellers said in their advertisements that they
specifically limit (4%) or avoid (8%) caffeine entirely; the
remaining sellers were silent on caffeine use. Five (5%)
samples had caffeine levels equivalent to consuming at least
1 cup of coffee 2 hours prior to milk expression; 97 (95%) of
samples had lower but detectable levels of caffeine (Table 2).

Discussion

Our goal for this study was to determine in milk samples
that we purchased on the Internet the presence of nicotine, its
metabolite cotinine, and caffeine and to compare the results
with the corresponding Internet advertisement. In the 102
milk samples, we detected evidence of active smoking, sec-
ondhand smoke exposure, and almost ubiquitous caffeine
consumption. Few of the advertisements associated with

these samples reported the use of caffeine, and none reported
tobacco use. Outcomes in infants of mothers who smoke have
been shown to be cardiovascular dysregulation,35 altered
sleep/wake patterns,36 stunted growth,37,38 and an increase in
respiratory ailments.38 Caffeine is rapidly transferred into
human milk and has been shown to cause irritability and poor
sleeping patterns in infants of women who have ingested
large amounts.39–41 We previously showed that families
seeking milk on the Internet had children with an identified
medical condition (21%), intolerance to formula or their
mothers’ own milk (20%), or a general feeding difficulty
(5%).25 Human milk containing these chemicals could
have untoward effects on any infant, particularly those most
vulnerable.

Nonprofit milk banks permit donation from women who
do not smoke; however, caffeine consumption does not
prohibit donation.42 A recent analysis of milk donated to a
milk bank in Madrid, Spain showed that despite screening
attempts using a lifestyle questionnaire, one out of the 400
samples of the Madrid samples contained substantial levels
of nicotine/cotinine, and 45.3% (181/400) of the samples
had detectable levels of caffeine.43 The authors concluded
that although there certainly could have been women who
provided misleading information, the screening question-
naires were not specific enough to determine which women
might have these substances in their milk. Particularly for
caffeine, mothers may not know that they are ingesting the
substance, as caffeine is found in numerous drinks, foods,
and medicines.

FIG. 1. Nicotine and cotinine levels in
breastmilk purchased on the Internet. Solid
dots indicate analyte levels in samples pur-
chased via the Internet for this study. Open
dots show analyte values in breastmilk from
women who smoke cigarettes. ‘‘Smokers’’
data are extracted from Table 5 of Pelligrini
et al.32

Table 2. Human Milk Caffeine Concentrations, Likely Clinical Correlation,

and Relevant Advertisement Excerpt

Seller Caffeine (ng/mL) Likely clinical correlation

1–5 >2,000 Consuming about 1 cup of coffee 2 hours prior to milk expressiona

6–97 >5 (LOD) and <2,000 Consumption of variable amounts of caffeine-containing beverages or foods
98–102 Below LOD No or very little caffeine consumption around the time of milk expression

aAssociated relevant advertisement excerpts: Seller 1, There was no mention of smoking, caffeine ingestion, or other substances in this
ad; Seller 2, ‘‘Healthy, Non-Smoking Mom .’’ ‘‘I have a very healthy diet .’’; Seller 3, ‘‘I am a healthy mother of 2, Non-Smoker (never
smoked), No Caffeine (coffee or soda), No drug use (never used)’’; Seller 4, ‘‘I am a non-smoker, non-drinker, and consume a healthy diet
of mainly organic proteins, grains, fruits, and vegetables’’; and Seller 5, ‘‘I don’t drink, smoke and have never done any kind of drug.’’

LOD, limit of detection.
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Our chosen cutoff for classifying sellers as active smokers
is based on a recent analysis of a representative sample of
U.S. women and is designed to maximize sensitivity (96.4%)
and specificity (98.4%) given contemporary smoking habits
and secondhand smoke levels.33 We found that cotinine
levels were high enough to likely correlate to active smoking
by four mothers. One sample had a lower cotinine level but a
high level of nicotine, which indicates active smoking, nic-
otine replacement therapy use, or heavy secondhand smoke
exposure in the recent period before milk expression. Fifty-
eight percent of samples had measurable cotinine. Con-
temporary general population studies show that 43% of
individuals have measurable amounts of cotinine.44 Most
women with cotinine levels indicative of active smoking are
exposed to nicotine through cigarettes, but it is possible that
an individual may be using other nicotine products like a
patch or gum. It is unclear at this time what cotinine levels
would be for women exposed to the vapor of e-cigarettes.
Regardless, infants fed human milk of women who used these
products remain exposed to nicotine in the milk throughout,
even if they are not additionally exposed through sidestream
smoke from cigarettes.

The Madrid study showed a mean caffeine concentration
of 496–778 ng/mL (95% confidence interval, 382–609 ng/
mL; range, 0–7,564 ng/mL).43 Five samples of mothers’ milk
in our study had greater than 2,000 ng/mL of caffeine, which
is the equivalent of drinking about 1 cup of coffee 2 hours
prior to milk expression.32 Two out of these five advertise-
ments stated specifically that the seller did not consume
caffeine. Twelve (12%) sellers said in their advertisements
that they specifically limit (4%) or avoid (8%) caffeine en-
tirely, yet 95% of samples had measurable amounts of caf-
feine in their milk. This ubiquitous presence of caffeine is
most likely due to caffeine being in many food products.
Lactating mothers may not be aware that they were actually
ingesting caffeine.

Through this and our other studies,23,24 we have shown that
buyers must be cautious of purchasing human milk online.
Although the American Academy of Pediatrics does not state
that smoking or caffeine consumption by the mother is a
contraindication for feeding infants breastmilk,2 we previ-
ously reported that 20% of milk samples are bought for
premature or medically compromised individuals.25 Al-
though caffeine is routinely used as a respiratory stimulant in
premature infants, the use of caffeine in these infants is
carefully controlled, and their symptoms are closely moni-
tored.45 The elimination of caffeine is slow in the newborn
due to the immaturity of the hepatic N-demethylation meta-
bolic pathway, and the amount of caffeine can accumulate.46

It is unknown if ingestion of additional caffeine from human
milk is detrimental.

One limitation to our study is that we purchased these
samples anonymously from the Internet and that we did not
ask any lifestyle questions of the sellers. When sellers re-
quested details about the infants who were going to receive
their milk, we did not answer the question and stopped all
communication if they insisted on personal identifiers or
contact information.14 Thus, the milk samples that we ob-
tained may not generalizable to other milk selling, such as in
the cases in which the sellers and buyers developed a personal
connection. Perhaps if we asked mothers directly if there
were the potential that their milk contained nicotine or caf-

feine, we would have been able to anticipate which samples
contained these substances. The samples from the Madrid
milk bank, however, showed that unless the lifestyle ques-
tionnaire was extremely detailed and attempted to capture a
multitude of food sources, most likely the buyer would not be
alerted to factual information.43

It is also possible that individuals’ smoking status may be
misclassified, especially those with cotinine values near the
chosen cutoff. Nevertheless, there were two sellers with co-
tinine values much higher than the cutoff, providing confi-
dence that there is evidence of active smoking in this study.
Additionally, we analyzed only a single sample of milk from
each seller, which may not represent typical tobacco use.
Reliance on a single sample would tend to result in under-
estimation of the number of smokers and caffeine users be-
cause nicotine and caffeine are rapidly metabolized, and we
could not detect the peak level. Thus, the number of positive
samples in this study may be an underestimate of the true
prevalence.

As more studies are conducted of human milk obtained via
the Internet, there will need to be a determination if there is a
difference in the milk that was purchased versus given away
without payment. This controversy is already ongoing with
blood products, for example. At this time the World Health
Organization’s guidelines suggest that blood should be ob-
tained from unpaid volunteers.47 However, there has been
recent studies of economic incentives’ impact on blood do-
nation, and it has not been shown that payment leads to a
more contaminated blood supply.48 Nonetheless, when blood
is donated, it goes through careful examination before being
used. When milk is obtained on the Internet, either purchased
or given away, there is no testing involved before it is fed to
the infant. It is imperative to study the outcomes of infants
fed both purchased and shared human milk to determine the
associated risks.

Conclusions

In 102 milk samples that we bought via the Internet, we
detected evidence of active smoking, secondhand smoke
exposure, and almost ubiquitous caffeine consumption.
Buyers of human milk on the Internet should be aware that
advertisements do not always include information as to what
substances may be present. Some sellers may misrepresent
their health behaviors or be unaware of lifestyle factors that
can lead to exposure to nicotine and caffeine. We showed that
infants fed human milk bought from unfamiliar sources may
unknowingly be exposed to nicotine and caffeine.
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