
The Pain Divide between Men and Women
The problem with treating pain, of
course, is that no one can see it. And
even though doctors are warned
never to think that they know how
much pain patients are experiencing,
it happens all the time. “Put yourself
in that position and you immediately
misrepresent the patient and do them
a misservice. The patient may end up
undertreated,” said Allan I. Basbaum,
PhD, professor and chair of the De-
partment of Anatomy at University
of California, San Francisco, and ed-
itor in chief of the journal Pain.

Women are particularly likely to
face this problem because they seek
treatment for pain far more often
than men. In fact, clinical pain con-
ditions, except for back pain, occur at
far higher rates in women, Basbaum
said. For instance, 9 of 10 patients
with fibromyalgia and 8 of 10 pa-
tients with temporomandibular dis-
order are women. Women are also 2
times more likely to have irritable
bowel syndrome (IBS), 9 times more
likely to have interstitial cystitis, and
3 times more likely to have migraine.

Exactly why women experience
pain differently from men remains
largely unclear. “However many peo-
ple you talk to, that’s how many ex-
planations you will get. A variety of
factors probably contributes to the
sex differences in pain,” said Roger
B. Fillingim, PhD, associate profes-
sor at University of Florida College
of Dentistry in Gainesville. Some
pain experts postulate that the differ-
ences originated during primitive
times when gender roles were more
clear-cut and people’s response to
pain was more closely linked to sur-
vival strategies. Societal, behavioral,
and psychological influences still
clearly play a part in sex differences
in pain.

For a long time, doctors tended
to undertreat women’s pain, chalking
up their symptoms of pain to their
being more emotional or lacking in
toughness, but recent clinical studies,
backed by abundant animal studies,

have demonstrated that women have
a lower threshold and tolerance for
pain. Currently, researchers are be-
ginning to identify specific biological
underpinnings of sex differences in
pain. These findings are providing
clues about why women suffer more
and, in doing so, are making wom-
en’s reports of pain more difficult for
physicians to dismiss. Continued re-
search in this direction may lead to a
day when doctors treat pain in both
female and male patients more effec-
tively.

PAIN RESPONSE DIFFERENCES

PROVIDED EARLY CLUES

Pain research has focused on
emerging awareness of significant sex
differences in the body’s opioid re-
ceptor system, which comprises �, �,
and � receptors. These receptors,
which are found in the brain and spi-
nal cord, are responsible for regulat-
ing pain. Each shows an affinity for
different endogenous opioid pep-
tides—namely, endorphins, en-
kephalins, and dynorphins—that are
released by the pituitary gland. These
peptides stimulate the receptors and
block painful stimuli from reaching
the higher brain centers where the
perception of pain occurs.

Early clues to sex differences in
the opioid receptor system were an-
ecdotal. Clinicians noticed that nal-
buphine (a �-receptor agonist) pro-
vided better pain relief for women
during childbirth than morphine (a
�-receptor agonist). Men, on the
other hand, tended to prefer mor-
phine when they were in severe pain.
According to a 2003 literature review
of sex-based differences in clinical
practice by researchers at St. Olav’s
University Hospital in Trondheim,
Norway, women taking the same
morphine dose as men experienced
more respiratory-depressive side ef-
fects, while men required 30% to
40% more morphine than women to
achieve similar pain relief.

Limited randomized, controlled
clinical studies have so far supported
the anecdotal evidence. In a recent
randomized, controlled study pub-
lished in the January 2004 issue of
Southern Medical Journal, women
(n � 45) reported statistically signif-
icantly lower pain scores after 60
minutes when given butorphanol (a
�-receptor agonist) than when given
morphine. Men (n � 49) reported
less pain with morphine, although
this trend was nonsignificant. The
findings led the authors to recom-
mend �-receptor agonists for female
patients with injury-related pain.

Other researchers found that al-
though women receiving a 5-mg dose
of the �-receptor agonist nalbuphine
were relieved of postoperative dental
pain, the drug was actually antianal-
gesic for men, who experienced more
pain while receiving it than they did
while taking placebo. Lead researcher
Robert W. Gear, DDS, PhD, assis-
tant research physiologist and assis-
tant clinical professor in the Depart-
ment of Oral and Maxillofacial
Surgery at University of California
School of Dentistry in San Francisco,
discovered that adding 0.4 mg of nal-
oxone, an opioid receptor antagonist
that equally affects all 3 types of opi-
oid receptors, to the 5-mg dose of
nalbuphine resulted in significantly
improved pain relief in both sexes.
(When the investigators tried a simi-
lar experiment with a 2.5-mg dose of
nalbuphine, they could not replicate
the findings of the previous experi-
ment.)

Gear hypothesized from his
work that the body actually has 2
separate receptors for �-receptor opi-
oids, one that produces the analgesic
effect and another that produces the
antianalgesic effect. Naloxone may
block the action of nalbuphene at the
antianalgesic � receptor and, in so
doing, unmask the separate analgesia
� receptor, so that it is expressed
completely in both men and women,
Gear suggested. “The sex difference
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is explained, we think, because men
may have more of the antianalgesia
receptors than women,” said Gear. If
these antianalgesia receptors could be
identified, Gear added, they might
provide a potent new target for new
pain-killing drugs.

MECHANISMS CONTRIBUTING TO

SEX DIFFERENCES

Armed with the mounting evi-
dence of sex differences in the opioid
receptor system, researchers at
McGill University in Montréal, Can-
ada, used mapping to identify a gene
responsible for the sex difference in
analgesia from drugs acting at the
�-opioid receptor. The gene turned
out to be the melanocortin-1 recep-
tor (Mc1r) gene, which is linked to
red hair and fair skin in humans.

The McGill University research-
ers found in their 2003 Proceedings
of the National Academy of Sciences
study that �-specific analgesics ad-
ministered to mutant mice with an
inactive variation of Mc1r analogous
to the “redhead” variation in humans
produced more analgesia than in nor-
mal mice. “Whether the melanocor-
tin-1 receptor worked mattered for
the functioning of the pain inhibi-
tion system in female mice,” said Jef-
frey S. Mogil, PhD, professor of pain
studies at McGill. But it did not
seem to matter at all with the male
mice: They did not appear to use the
melanocortin receptor system to
modulate pain.

The McGill study included a
follow-up study wherein men and
women with several Mc1r variations,
causing different hair colors and skin
types, received the �-receptor agonist
pentazocine. Mc1r variations caused
women to have a heightened re-
sponse to the pain reliever, particu-
larly redheaded, fair-skinned women,
but did not produce pain relief in
men. This interesting result indicated
that the Mc1r gene has the “unex-
pected” role of modulating a �-spe-
cific pain pathway that exists only in
women, Mogil said.

These findings were the latest in

convincing Mogil that pain response
is mediated by different brain circuits
in men and women, with most of the
sex differences in the opioid pain
modulatory system. “Not only are
there sex differences in the output of
pain systems, but I believe that males
and females actually have separate
and neurally distinct pain processing
with different neurochemicals and
genes,” he said. “I don’t think that
there is anything else like this in bi-
ology,” he added.

DIFFERENCES IN HOW PAIN IS
PROCESSED

While Mogil continues his ge-
netics studies, other researchers are
using different tools to learn about
this gender-distinct pain processing
pathway. For instance, some re-
searchers are using positron emission
tomography to view the brain local-
ization of the response to pain stim-
uli. Researchers studying IBS at Uni-
versity of California, Los Angeles, for
instance, used positron emission to-
mography, as well as measures of au-
tonomic system response (such as
blood pressure and heart rate), to
track differences in responses to pain.
They found that female patients with
IBS not only were generally more
sensitive to gastrointestinal pain than
male patients with IBS but also that
their brains reacted differently. The
female patients with IBS showed
greater activity in the emotion-based
limbic regions, whereas the men with
IBS showed greater activity in the an-
alytic cognitive regions, according to
the report in the June 2003 issue of
Gastroenterology. “This probably has
something to do with the emotional
response to pain. Women seem to
process pain differently from men in
certain situations. It may have to do
with more general sex differences in
stress biology,” said Bruce D. Nali-
boff, PhD, clinical professor in the
Department of Psychiatry and Bio-
behavioral Sciences at University of
California, Los Angeles, School of
Medicine and chief of the psycho-
physiology research laboratory at the

Veterans Affairs Greater Los Angeles
Healthcare System. Naliboff and his
colleagues are now using functional
magnetic resonance imaging to learn
more about sex differences in the
brain’s response to pain.

Positron emission tomography
has detected sex differences in the re-
gional activation of the �-opioid sys-
tem in response to sustained pain.
Researchers at the University of
Michigan in Ann Arbor attached a
radioactive tracer to a molecule that
only binds to �-opioid receptors to
trace the localization of the activation
of the �-opioid neurotransmitter sys-
tem, which mediates the effects of
endorphins or enkephalins. The re-
searchers first showed that the endor-
phin system became activated in the
brains of 13 men and 7 women who
were subjected to moderate levels of
pain in their jaw muscle over 20 min-
utes. Endorphin-system activation
corresponded in time with a drop in
the volunteers’ perceived pain and
pain-related emotions, according to a
report in the 13 July 2001 issue of
Science.

In a follow-up report a year later,
the researchers stated that the �-opi-
oid–mediated pain response differed
by gender. According to the report in
the 15 June 2002 issue of the Journal
of Neuroscience, 14 men scanned be-
fore and during jaw pain showed in-
creases in endorphin release in cer-
tain brain areas during the painful
state, similar to the earlier results.
The 14 women in the study showed
a reduction in endorphin release and
experienced intense pain. The
women reported more pain-related
negative emotions than the men.
Positron emission tomography
showed that, during pain, the men
had more �-opioid activation in the
anterior thalamus, ventral basal gan-
glia, and amygdala than the women.
The women also had reductions in
basal-state �-opioid activation in the
nucleus accumbens, an area associ-
ated with hyperalgesia in animal ex-
periments. The findings indicated
that men and women differ in the
magnitude and direction of the
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�-opioid system in distinct brain nu-
clei.

THE ROLE OF SEX HORMONES

Sex hormones appear to be a ma-
jor factor in pain. All of the women
in the 2002 Journal of Neuroscience
study were tested during the time in
their menstrual cycle when levels of
estrogen and progesterone were low-
est, noted lead author Jon-Kar Zu-
bieta, MD, PhD, associate professor
of psychiatry and radiology at Uni-
versity of Michigan. Fluctuating lev-
els of sex hormones have long been
associated with changes in pain toler-
ance, so Zubieta and colleagues
wanted to find out if the pain expe-
rienced by women differed depend-
ing on their estrogen level.

Zubieta and colleagues followed
up the Journal of Neuroscience study
by scanning healthy women once
during their early follicular phase
when estrogen levels are low and
then again during that same phase in
another month after they had worn
an estrogen-releasing skin patch for a
week. The patch increased their es-
trogen to levels normally seen in the
menstrual cycle. (This design allowed
the investigators to study estrogen’s
effect in the absence of progesterone,
which normally increases along with
estrogen.) Positive emission tomogra-
phy performed without any painful
jaw stimulus showed that more
�-opioid receptors were available in
the presence of high estrogen levels.
After the painful jaw injection, the
women reported feeling less pain
than when their estrogen levels were
low, and in fact, positive emission to-
mography showed a much greater in-
crease in endorphin release and acti-
vation of the receptors. The effect
was seen in multiple brain areas that
are known to be involved with the
perception and regulation of pain.

Other research has linked low es-
trogen levels to impaired activation
of the body’s pain-response system.
The risk for migraine, for instance, is
highest during menstruation, when
estrogen levels are low. “Our research

shows that exogenous sex hormones
will block the headache in women
with menstrual migraine, but not the
bleeding, while progestins will block
the bleeding but not the headache,”
said Richard B. Lipton, MD, profes-
sor and vice chair of neurology and
professor of epidemiology and popu-
lation health at the Albert Einstein
College of Medicine in Bronx, New
York.

Because migraine remains almost
2 times more common in women af-
ter menopause and even past age 80
years, cyclical hormonal factors are
only partly responsible for sex pain
differences, Lipton noted. “It may be
that estrogens produce enduring
changes in the brain that set up a
predisposition even after hormones
stop cycling,” Lipton said. “In any
case, it’s clear that sex hormones in-
fluence inflammation and also neural
processing of pain. But the experi-
ence of pain is complex and depends
on more than just the hormonal mi-
lieu,” he added.

The role of estrogen is more
complex than these experiments indi-
cate because increased estrogen levels,
not decreased levels, are also associ-
ated with pain activation. For in-
stance, some research has linked in-
creased levels of pain in women with
temporomandibular disorder to in-
creases in estrogen levels during the
menstrual cycle. But human studies
on the effects of sex hormones are
difficult to perform because they may
involve gonadectomy or administra-
tion of female hormones to men and
vice versa, pain experts noted. Studies
involving female rodents have indi-
cated that high levels of estrogen are
associated with decreased opioid an-
algesia. In a recent animal experi-
ment involving rats without ovaries,
researchers found that temporoman-
dibular joint neurons were more ex-
citable in rats receiving long-term es-
trogen replacement, an effect that
was exacerbated in the presence of
temporomandibular joint inflamma-
tion—suggesting increased pain for
rats without estrogen. The estrogen
also suppressed swelling and blood

flow in the joint, an action that is
known to augment tissue damage as-
sociated with persistent inflamma-
tion, said principal investigator Mi-
chael S. Gold, PhD, associate
professor in the Department of Bio-
medical Sciences at University of
Maryland Dental School in Balti-
more. The results of these experi-
ments were published in the Journal
of Neurophysiology in March 2005. In
addition, results from experiments in
male rats indicated that testosterone
has an effect that is just the opposite
of estrogen, actually increasing swell-
ing and blood flow but reducing the
excitability of the temporomandibu-
lar joint afferents, Gold noted.

GENDER-BASED PAIN TREATMENT

Research deciphering sex differ-
ences in pain is still in early develop-
ment, according to pain experts, and
pain remains largely mysterious.
“Pain is a matrix of activity, and
there is no one pain center, just like
there is no one beauty center. But
that doesn’t mean that the matrix
can’t be evaluated and better under-
stood,” Basbaum said.

Although there are no biomark-
ers for pain yet and just a few identi-
fied pain-associated genes, researchers
are hopeful that clinicians will one
day be able to individualize treat-
ment according to a patient’s sex or
other aspects of his or her biological
profile. Drug companies may even
develop a pain-relieving medication
that “will literally kill pain in one sex
and not in another,” Mogil said.

Understanding sex differences in
pain—and other differences among
men and women—might advance
faster if more basic research, such as
animal models, included both sexes.
“Although women are now included
in all clinical trials, basic science re-
search in rats and mice is still 92%
males only,” Mogil said. The main
reason is probably habit, he said.
Also, many scientists believe that the
extra variability of estrous cycles
would make experiments more diffi-
cult to interpret. However, when
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Mogil reviewed the past decade of his
research, in which he used both male
and female mice, he found that males
actually showed slightly more vari-
ability than females. On the basis of
this finding, published in Pain in Au-
gust 2005, Mogil said that “there are
no excuses left: If you don’t use both
males and females, you’re ignoring
half the population that you’re trying
to model.” He noted that he had
identified many findings about sex
differences simply because his ongo-
ing work included both male and fe-
male subjects.

In 1993, the National Institutes
of Health mandated that clinical re-
search include women, and scientific
investigation into differences in pain
sensitivity and pain conditions that
particularly affect women appears to
have increased dramatically in recent
years. Still, only a limited number of
studies actually focus on this issue.
Just 3% of recent National Institutes
of Health grants include a hypothesis

about sex or gender differences, ac-
cording to a 2005 report from the
Society for Women’s Health Re-
search. And although recognition of
the importance of diagnosing and
treating pain conditions has in-
creased greatly, pain research overall
remains a low priority. Pain accounts
for more than 20% of medical visits
and 10% of prescription drug sales,
but just 0.6% of the National Insti-
tutes of Health budget goes to basic
and clinical pain research, according
to an article in the September 2003
issue of The Journal of Pain.

Whether drug companies are de-
voting adequate attention to develop-
ing new painkillers is a matter of
some debate. More varied and effec-
tive pain relievers with fewer side ef-
fects would clearly be useful because
most pain relievers are limited by
their side effect profile, Basbaum
said.

Drug companies are interested
in the potential for more targeted

pain therapies because there are
clearly significant genetic differences
in how people process pain and re-
spond to analgesic drugs, according
to Basbaum. Targeting a painkiller to
a specific population would limit the
potential market to, say, women
only, but such a drug might also per-
form better in clinical trials and in
the clinic because it would only be
tested and used in those people it was
designed to help. “If you could pre-
dict that a patient was going to be
more sensitive to a particular type of
analgesic drug, it would certainly be
worth a lot,” Basbaum said.

– Jennifer Fisher Wilson
Science Reporter, Annals of Internal
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