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Reproductive Headache? Investigating

Acetaminophen as a Potential Endocrine Disruptor
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1) The presumed safety profile of acetaminophen has made it a popular choice of painkiller among
pregnant women.1,2 In fact, acetaminophen, also known as paracetamol, is the only analgesic that the
U.S. Food and Drug Administration (FDA) considers safe, when used as recommended, to take
throughout pregnancy.' However, researchers have found evidence that acetaminophen—although still
considered the safest pain reliever for pregnant women—may interfere with the action of some key
hormones in utero.
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[HRFLEE] %455 H AT B2 1002 201845 A

AU HEEEDEFDADEIROIIERICIRA L TEL e Thd EHEEL CSM—niEEHE Tcd, !
FRELBIE. 7Y 2/ T2 VHTHEICE > (5 COROLEHFIERE CH O EEATVWEKIHY
TDO—C. FEOW DOWDOEERGRNIVEANFHZRET &b LanE WDl EzEP L TS X
L7

2) “There’ s a perceived notion that because a medicine is over-the-counter [OTC], its use has been well
studied in pregnancy,” says Christina Chambers, a reproductive and perinatal epidemiologist at the
University of California, San Diego. But that is not necessarily the case. In reality, she explains, only
limited pregnancy safety data are available for most OTC products, and safety recommendations are
often based on assumptions rather than on rigorous evidence.?
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Women may use mild analgesics for many reasons during pregnancy: headache, fever, chronic joint pain, or an acute
injury such as a sprain.  “Any time that illness or pain impacts the underlying general health of the mother, there’ s
reason to take measures to alleviate that pain,” says family physician Lynn Lillie. Image: © andriano.cz/Shutterstock.
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3) The FDA gives acetaminophen a “B” rating for pregnancy risk in all three trimesters, meaning that
animal studies have shown no risk of congenital birth defects but that effects in pregnant women have
been either not studied or not confirmed.' This lack of research means that acetaminophen is being
used with what some experts say is an unclear prenatal safety profile.*
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4) At the same time, “Acetaminophen certainly is no thalidomide,” says Danish biologist David
Kristensen, an assistant professor at the University of Copenhagen, referencing the notorious drug for
morning sickness that caused severe birth defects in the 1950s and 1960s.° The associations noted in
studies to date—most commonly between acetaminophen exposure and abnormalities in the male
reproductive tract—are quite subtle, Kristensen says.
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5) He adds, however, that one must consider how many women use the drug in pregnancy. “When
millions of pregnant women are using acetaminophen worldwide, even a low [potential] risk becomes

concerning,” he says.
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6) In one 2005 analysis of data from two large U.S. case—control studies, roughly two-thirds of the
pregnant women surveyed reported taking acetaminophen at some point during their pregnancy.®
Nearly 60% of these women had taken it during the first trimester, a period of rapid fetal development.
Other studies have also reported common use of acetaminophen during pregnancy.”#?
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7) Women may use mild analgesics for many reasons during pregnancy: headache, fever, chronic joint
pain, or acute injury such as a sprain. Although complementary or alternative treatments, including
acupuncture, massage, and relaxation techniques, can help soothe some ailments, other conditions may
call for medication use, says Lynne Lillie, a family physician in Rochester, Minnesota, and member of
the board of directors for the American Academy of Family Physicians.
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8) “Any time that illness or pain impacts the underlying general health of the mother, there’ s reason to
take measures to alleviate that pain,” Lillie says. For example, a high fever could increase the risk of
pregnancy complications, a toothache could prevent adequate nutrition, or a sore back could reduce

mobility, she explains.
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Acetaminophen, also known as paracetamol, is the only analgesic considered safe to use throughout pregnancy.
Nonpharmacologic approaches such as prenatal yoga, massage, acupuncture, and meditation may help manage some
forms of pain during pregnancy. Image: © laflor/iStockphoto.
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9) The story of research on acetaminophen and fetal outcomes actually began with another chemical
family: phthalates. There is evidence that certain phthalates used as plasticizers and solvents in
numerous consumer products may contribute to male genital abnormalities in humans and laboratory
animals.'®111210 Some of the abnormalities reported include undescended testicles (or cryptorchidism)
and a reduction in the distance between the anus and the base of the penis, a measure known as

anogenital distance (AGD)."
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10) Approximately two decades ago, researchers in Denmark proposed that abnormal gonadal
development in fetal life may contribute to multiple adult reproductive disorders, including
cryptorchidism, hypospadias, testicular germ cell cancer, and poor semen quality—a cluster of
symptoms they called testicular dysgenesis syndrome.™ A few years later, Kristensen noticed a striking
similarity between the chemical structures of some of the environmental chemicals suspected of
disrupting male development—notably phthalates—and the mild analgesics most Danes kept in their
medicine cabinets." “We wondered, ‘could these mild analgesics themselves be endocrine disruptors?””
remembers Kristensen.
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Finding Fetal Impacts
BENDOZEDFH A
11) In a paper published in 2010, Kristensen and colleagues provided evidence that mild analgesics may

indeed act as antiandrogens in the fetal environment, although the findings were inconsistent. The
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researchers asked 491 Danish women and 1,463 Finnish women in their third trimester of pregnancy
with boys about their use of OTC analgesics, including acetaminophen, aspirin, and ibuprofen.'
Approximately 9% of the Danish boys and 2% of the Finnish boys were born with undescended
testicles. The mothers of the Danish cryptorchid boys were an estimated 43% more likely to have
reported using one or more mild analgesics during pregnancy than mothers of boys with normal
testicles. However, in the Finnish cohort, mothers of cryptorchid sons were an estimated 26% less likely
to have taken analgesics during pregnancy.

11) 2010 FICFEER SNz C. Kristensen EHFEINIFEE L, AR EDRILOFEBICH Y > O
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12) That study also included an experimental component in which the researchers fed pregnant rats
doses of acetaminophen adjusted for their body weight. Male rat pups whose mothers were fed
acetaminophen had a significantly shorter AGD than those with no prenatal acetaminophen exposure,
suggesting a potential antiandrogenic effect.
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13) Kristensen’ s experiments coincided with a larger study of 47,000 Danish mothers and sons that
took place at the same time.'® However, positive associations were reported only for mothers who said
they had used acetaminophen in both the first and second trimesters and for those who used
acetaminophen for at least 4 weeks specifically during gestational weeks 8 through 14. These weeks are
thought to be a critical window of development for testicular descent. The authors noted that they
found no dose-response associations, possibly a result of imprecise dose measurements.
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14) In human pregnancy cohorts, use of acetaminophen specifically and of mild analgesics overall has
been associated with shortened AGD in some research. Four pregnancy studies—three in Denmark®1°16
and one in the United Kingdom'"—found associations between maternal analgesic use and genital
abnormalities in sons. However, studies of Finnish and French cohorts reported weaker or no such

associations.'®8
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15) All said, the subject is far from settled, stated the authors of a recent review of prenatal

acetaminophen exposures and male reproductive effects. “It cannot be concluded that exposure to
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paracetamol is a direct cause of male reproductive disorders,” they wrote, “nor that analgesics should
simply be avoided during pregnancy.” '
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Multiple pregnancy studies have reported associations between maternal analgesic use and genital abnormalities in sons,
although others reported weaker or no such associations. Less is known about potential effects in girls. Image: © Pikul
Noorod/Shutterstock.
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16) Compared with what is known about effects on males, even less is known about potential impacts
on the developing female reproductive tract. One mouse study published in 2016 showed that female
pups exposed throughout pregnancy to doses of acetaminophen commonly measured in pregnant
women in the United States and Europe were born with fewer ovarian follicles.?? From middle age

onward, the adult female mice born with fewer follicles had trouble breeding and experienced
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premature ovarian insufficiency. They were completely infertile by 10 months, an age when female lab
mice typically just begin to experience waning fertility.
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17) In addition to studies on the reproductive organs, researchers have investigated prenatal
acetaminophen exposure with respect to development of the brain and the immune system. Carl-
Gustaf Bornehag, an epidemiologist at Karlstad University in Sweden, heads up the Swedish
Environmental Longitudinal Mother and Child Asthma and Allergy (SELMA) study, a pregnancy cohort
of more than 2,000 mothers and their children.?' He has analyzed the breakdown products of
acetaminophen in women’ s urine obtained during pregnancy. In preliminary findings among a small
subset of 48 girls and 63 boys, the researchers found that girls whose mothers had higher levels of
acetaminophen in their urine during pregnancy were more likely to experience language delays at 30
months of age than girls whose mothers had lower levels. Nonsignificant inverse associations were seen
in boys.?
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18) Studies in Denmark, Norway, Spain, and the United Kingdom have estimated positive associations
between maternal use of acetaminophen in pregnancy and behavioral problems, symptoms of attention
deficit/hyperactivity disorder, and diagnosis with an autism spectrum disorder.?*%2 Studies of
immune function also found associations between prenatal exposure to the medication and asthma in
childhood.”
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19) However, as with reproductive effects, the limitations of studies to date preclude the ability to draw
firm conclusions.” Joseph Wax, chairman of the American Congress of Obstetricians and
Gynecologists Committee on Obstetrics Practice, adds that it is unclear whether the findings from
many of the epidemiological studies are clinically significant. “In the human studies, you see very mild,
very modest [associations] that could easily be explained by confounding variables,” he says.

19) L L. AIBICKRIFTEZEEFERKRIC, CNK TOMERNNA TWSIRFAICK > CHEEFLSmNE
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Next Steps for Research
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20) It is becoming apparent that study limitations must be addressed in future research. “In these
studies, you run into issues with confounding by indication for use,” says Shanna Swan, a reproductive
health scientist at lcahn School of Medicine at Mount Sinai who has worked with Bornehag. In other
words, it is possible that an adverse developmental outcome may be caused not by the medication but
by the health complaint that caused the mother to take it in the first place.

20) WFEaHIfRd SO DWW TRERDOIIFE CHUCHENH S TL &£ Do "CHLHDWIFE T EH
FOIFRICKBRMET Y EOMBICHFEIEAIEHS DT EICHTYETT, " EXDUh e 2F 1DV A
= VBERRFE DR ER S Cdh S Shanna Swan (Bornehag &—#EICHZE L CULvE) [FaENXTL
FI. AOEWHET &, BFEGHB YD MHALTOEMICKSDTIEELS T &Izl
LTCEBRICAH U ERAMICK > TR C s TRt hidb o & WD 2 & T,

21) There is another common pitfall in studies that rely on participants to remember how much
medicine they took and when: this is known as recall bias. People may not remember accurately, or
they may not even know whether they used a particular medication, explains Kristensen. The latter is
quite likely in the case of acetaminophen: A search for “acetaminophen” on the National Library of
Medicine” s Pillbox database turns up nearly 2,600 OTC and prescription products that contain the
drug.?

21) sIEHREDLS L WEZIRALIEH., T L WD ThdHh a0 T C & ICFEDIMIE CldERID K<
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BEDEIVRY DAT—=HN=AC "Pob7I /71" @R (HEXT & (FIF 2600 O
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In multiple surveys, large percentages of women have reported taking acetaminophen at some point during pregnancy.
But because acetaminophen is found in hundreds of products, prospective mothers may not realize they have even taken
it. Image: © mandritoiu/Shutterstock.
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272) Kristensen and colleagues learned about this the hard way in their initial study in 2010, when they
asked women to report the amount of acetaminophen they used during pregnancy. Roughly 26%
reported using the compound. But when the women were asked about specific acetaminophen-
containing medications by brand name, that number jumped to 57%.°

22) Kristensen & [EFZEE 125 (& 2010 FEOFRYIOFIE T, HIRIBG Oz (CERH LI 7B N7
S )10 EWME TS eI B L ERFIC, B L TERNA 7 AT [CDOWTFEUE
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W CWDELIC DWW CER U ERFICIE, TDRIE 7% Tk EAY E LT, ©

23) One way to solve problems with recall bias is to use biomarkers, says Bornehag. Biomarkers are

measurable substances in blood or urine that indicate an individual has been exposed to a given

13
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compound. Acetaminophen has a plasma half-life of 1.5-2.5 hours and is almost completely excreted
within 24 hours,30 so biomarkers may only be useful to identify chronic users or those who happened to
take acetaminophen recently.

23) RN A 7 A Y OMEERT 5—DDAIE. NAANY—T— (EKIER) ZH\WSZETh
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FLEFRELTIZEZE N Y I ) T VR LI AN E &R T 572012, M—&ICNI DA NE L
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24) It is impossible to prove cause and effect based on the evidence to date, points out Bornehag.

“We’ re identifying potential bad actors and raising hypotheses that other scientists in experimental
toxicology can then test for causality in the laboratory animal and cell models,” he says.

24) SHECTITELNIZS D LIZAHLICE DWW CHRRERZREET © C & [dAnae TR0 e,
Bornehag [F35dm L CWEK T, "HAILBEMICEWMEHZ LIS TIRF 2L LD Dd Y. fthod 5k
BT ORI HEICE (CEEESY MRt IV ERA W TRERRBRZRIIL (bbb A DK D EIREEITHT
CODHEDCY" EIlNTWET,

25) Mechanistic studies that get at the how and why of acetaminophen’ s potential effects are an
essential piece of future research in this area, according to investigators. This type of research can help
scientists to understand whether developmental outcomes across different domains—reproduction and
neurodevelopment, for example—are related to disruption of the same hormonal processes during
pregnancy. These types of studies could also show whether acetaminophen might work through the
same cellular pathways as other environmental agents, such as phthalates. If this were the case, it
would raise concerns about additive effects, says Bornehag.

20) MREOHRBICKYKXIT E, YY) T VOBANEZENEDIRE C. EAFERGTONZ
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26) The prenatal period is important in setting up reproductive development, but exposures at other
points in the life course must be studied too, researchers say. Studies that look for associations
between the use of mild analgesics in adulthood and hormonal disruption may provide a new
perspective on reproductive outcomes, says Melissa Smarr, an epidemiologist at the Eunice Kennedy
Shriver National Institute of Child Health and Human Health.

20) FIRHIEAESROFEB . BERGEFCI, LML T4 70— ACH T SRIDKRF I COIEFEIC DL
TS NZUNE R SE0WE, FRHFEIEEIEE > TWE T, AR CORMEERAIOSEH &AL E
NFHOENL E DOBEEENR T SWFEEAE Y O b AITH L WEEZRMLT ohb Lnanhe, KE
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27) Last year, Smarr and colleagues conducted a preliminary study of the relationship between
concentrations of acetaminophen in urine and time to pregnancy in 501 U.S. couples who were trying to
conceive.31 Spot urine samples showed that nearly all study participants had measurable levels of the
chemical or its breakdown products in their urine. Roughly 70% of couples achieved pregnancy during
the study, and most of these pregnancies occurred within six menstrual cycles. However, couples in
which the men had the highest concentration of acetaminophen in his urine took slightly longer to get
pregnant than those in which the men had the lowest levels. The researchers found no association
between the female partner’ s urinary acetaminophen levels and time to pregnancy.

27) WEHE. Smarr EHEAFTELT SIS IREZRKS TWS X AU HANB0T OHy TIVTIRFPDOYZ 7 2

J T 1 VOB SR E CORE & DBhED AR a7\ E Lz, ¥ BFAHLIRY > 7 IVEIE &
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AETNTCOSNMEDKRPICTAERBRELNIVO P E NP I T 12 v ETORRERIES A TWNZC
L CWE LTz, SEKXT70%D 1y TIVHWIFEOHIEHR (SR L, 1Tk L ATZBEDIFEE AL
6 DD HIEEHINTLIZ, L. BHDOIRFPOY Y 2 T x VigE N RbEN > 1271y TIVIESE
MoThhmbBEN 72y TIVERNT, kT SDICHITMCRI MU XL, CNHSDWIFEE
LEHBEIN=r—DOLMDIRBP 7272 /T 1 2 LNV EHIRE CORE & OFE ICRhEZE HH T Z &
FcsFXttATLI,

[ .

In addition to acetaminophen exposure in utero, exposures at other points in life should be assessed for potential

reproductive effects. One preliminary study suggested that a couple’ s time to pregnancy could be affected by the male
partner’ s exposure to acetaminophen. Image: © RuslanDashinsky/iStockphoto.

FETCOFPEINPI )7 VEEICINA T, £EOHOR CORENBENTAMEEE L GHSh2XE T, —
DOFHIATE I TIEIRE CORBMNN— R F—DEUO 7 r 72/ 71 VBREICEEIN TWDAHE LGV &%)
L WXL,

28) Soon, Smarr hopes to compare urinary levels of acetaminophen in men with known reproductive
problems, such as poor sperm quality, to those in men with no known reproductive abnormalities. This
information could prove useful in understanding the relative importance and consequences of adult

exposures, says Smarr. “| think researchers are beginning to recognize that acetaminophen is an
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[endocrine-disrupting chemical],” she says. “But we have miles to go before we can come up with a
conclusive statement about what those exposures mean for human health and whether they are cause
for medical concern.”

28) MWD BIC, FFRDED K DI EIEHEN DN > CWSBU DR Y272 ) T VNV
HIEEEHDH SN COWVGEWEHD TN EHIRT S C &% Smarr [FEA TVWE T, COEHIERRADIREE
MENSBLWIWCEALGIKRELTZHTDNEWSTZZ LMD DD L&\ S Smarr
[FIENTWEKT, "MRELLBEE 7Y I/ T 2 TDIMEEE] ThdZEERDIae TL
SEMFENET, LML, 7MY T2 VEBENADRRICEDL DTENRZER > TL DN\,
T LU BEENTOEFHFREDIRRN THOMEDMICODWHEEN/EZCENEADLE TICETEDY

RLWOTT" LE85-> W&,
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1) 7&bh»r=< /712« « «acetaminophen
FEREMBEIRFRO—DC, FERL, BRR/AE OIERUAGE [CREF T, MmicE (EREE. REF) [CbEFEN T
W&, NToEHE—IL (Paracetamol) &EK[EN TS,
2) BUAXY— =« « « Trimester
KEICEHERAZSE IHERIR L, HRINHEZ 3nEIL. B—H1 (first trimester) B Hi (second
trimester) . B=H (third trimester) & X%
3) 7HIVEET A5 )L+ « - phthalates
Y )ERET IV A—)VD T AT IVDiE . N WBENE Ch S5EWAER< . I— 0y /N TIEaF L
HRBIDE S HRE > TV D,

4) BTENEEE - BIEEHL - -+ - undescended testicles « cryptorchidism

HAGE CIHEREREE - ERELE OSSO, WO E BRI UEMk. HARTICIRE CHRA LITRED—Dd
SWNEHADIEEN SN EBENT & C A TSR VR R,
B) ZAETREGRE T/ AE) « + « poor semen quality
WEL 1 ml ORI OB F ORI 1500 FELILE T, €OHHVDEWK, S FIEXRCEE TR
PREE R7EL TS,
6) 17> KO K|« « « antiandrogens
MNMRCHETSBHRNIVEY (P2 NOT YY) OBS 2T SFEY O, BHAILEFHEDLN
Do
7) SR TRE -+ - testicular descent
FAAEERD S AR IS CREREN OB RIS T [STER S TR EEA) DIEEN IS M L CUNEK SRS,
8) JUAZ - - - ovarian follicle
PIRICH S, MFeFARRHEHITEIROMIIOER CH Y. HERCKY € IhBIlFhiticsn s,
9) AR/ ZEHEE « « - attention deficit,/hyperactivity disorder(AD/HD)

ChEzEE GEER) PEEI. XTCATEOEIR RS I St FEic b LU < [37EEETh
5o
10) BEAANY T LJE « + -« autism spectrum disorder(ASD)

BEE Y ANV —IEHEff e ENG e CSIC2i® ¢, 21 "0 =23 VICHE S A d Y. IR

FESH TR, WK RARTTEIE EDHEES ©,
1) sA&ZEL + + » confounding variable
A% (confounding) & IEMEEE EFRmOBIEMD. BE=DERDFZEICK > GEARFT/TIFEDICFH S
NCLE DTSR, BIASEE S A DBEN NS5 5, FANED ET SER (BUE) LISLO%EH

(AR E) HHRADRAERICHELES A CWSHEENN D S, COREN KR ERICEZE L. A
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