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Coyne Battles Darwin, Many Other
Evolutionary Biologists—and Himself

by Paul W. Andrews, PhD, JD
and J. Anderson Thomson Jr, MD

astyear, we published alengthy
L article in Psychological Re-
view, “The Bright Side of
Being Blue: Depression as an Adapta-
tion for Analyzing Complex Prob-
lems,”" that biologist Jerry Coyne
criticized in the August 2010 issue of
Psychiatric Times.> We proposed that
depression may be an evolved adapta-
tion for analyzing complex social
problems, calling this the analytical
rumination hypothesis (ARH). Lim-
ited space prevents us from address-
ing all of Coyne’s points. We focus on
afew, referring readers to our original
articletoevaluate other arguments for
themselves.

Coyne argues that our evolution-
ary analysis of depression was flawed
because we did not show that the
reproductive benefits of depression
outweigh its costs. This is a coura-
geous claim, for with it Coyne also
challenges Charles Darwin, who
made many compelling arguments
about adaptation without showing
reproductive benefit.’ Indeed, if
Dawin had needed to measure fit-
ness to make compelling arguments
about adaptation, the theory of natu-
ral selection would never have got-
ten off the ground. Coyne also takes
himself to task with this claim. In a
recent book, Coyne* argues that the
woodpecker has impressive adapta-
tions for driving its beak into wood
without discussing any evidence of
reproductive benefit.

Consider another example. To our
knowledge, no biologist has ever for-
mally demonstrated that the fitness
benefits of eyes outweigh their costs.
Nevertheless, we know with virtual
certainty that the eye is an adaptation
because it has a useful effect (vision),
and this effect so completely explains
its internal structures (pupil, lens,
retina, rods, cones, etc) and how they
operate in a coordinated fashion to
promote vision that selection for vi-
sionis the only plausible explanation.

Analyses of how traits are struc-
tured and operate are called design
analyses, and there is little disagree-
ment among evolutionary biologists
that design evidence alone can make
compelling cases for adaptation. The
late George Williams® wrote aleading

treatment of design analysis, and it is
considered a classic. Stephen Jay
Gould, who was often critical of evo-
lutionary psychology, believed that
natural selection was the only known
natural mechanism with the power to
build structures of “eminently work-
able design,” and he often relied on
design evidence to make adaptation-
istarguments.’

We constructed our design analy-
sis of depression around a key fact:
analytical reasoning must be uninter-
rupted to be effective. We drew on a
multitude of research—from genes,
neurobiology, cognition, and behav-
ior—to argue that depression coordi-
nates many traits to promote uninter-
rupted analytical thought.

Coyne argues that reproductive
data are needed to prevent ridiculous
concoctions. “The ‘coordination’ of
symptoms is a post facto rationaliza-
tion: with sufficient imagination, one

pression. For instance, we predicted
that future research will show that
depression is useful in helping peo-
ple solve the problems that triggered
their episodes. All current evidence
that depression interferes with prob-
lem solving is based on non-trigger-
ing problems.

We discussed evidence that unin-
terrupted analytical reasoning re-
quires sustained neuronal activity in
the left ventrolateral prefrontal cortex
(VLPFC), asite implicated in depres-
sive rumination. On the basis of the
metabolic requirements of neurons
engaged in sustained firing, we pre-
dicted future research would show
enhanced lactate metabolism and
glutamate-glutamine cycling in the
left VLPFC of depressed patients, and
that these processes are driven by the
sustained transmission of serotonin to
this area. Simply put, part of our de-
sign analysis requires us to challenge

can view nearly any mental illness as
an orderly and useful syndrome.”
However, to be successful, design
analyses must be immune to the ef-
fects of spurious imagination: they
must show such “eminently workable
design” thatalternatives tonatural se-
lection are implausible explanations
for the trait’s structure and opera-
tion.”” Once a design analysis leaves
no room for doubt that natural selec-
tion has molded a trait for a particular
effect—vision, uninterrupted analyt-
ical reasoning, drilling a beak into
wood —it follows that the fitness ben-
efits must have outweighed the costs.

We cannot help feeling amused at
the claim of post facto rationalization.
Ifit were true, we would have avoided
making risky predictions that contra-
dict widely held beliefs about de-

Erroneous conclusions, and medical
harm, can come from accepting any
hypothesis uncritically, and growing
evidence indicates thattreatments
based on disorder hypotheses for
depression do cause harm.

the common wisdom that depression
is a state of low forebrain serotonin
levels. We refer readers to our article
for further explanation of these
points.

Coyne points to the impairments
associated with depression as evi-
dence of disorder, but this is spurious
imagination. When the immune sys-
tem mounts a response to infection, it
causes discomfort and decreases
physical, sexual, and cognitive func-
tioning. These impairments arise be-
cause an immune response requires
enormous energy and the body adap-
tively down-regulates other systems
that could drain limited resources.®
We reviewed evidence that many
similar impairments associated with
depression analogously arise because
uninterrupted analytical thought re-

quires the down-regulation of other
body systems that could drain limited
attentional resources.

Coyne faults us for not mentioning
suicide in our article, which he con-
siders strong evidence of depressive
disorder. (We eliminated our discus-
sion of suicide from the final article
because it was already long.) Depres-
sionand suicidal behavior are related,
but they are not equivalent—in most
clinical episodes of depression, sui-
cidal ideation is absent. Perhaps de-
pressive episodes that lead to suicidal
behavior are true instances of disor-
der. However, acknowledging this
possibility does not require any back-
pedaling. In our article, we argued
that while depressive disorder is
probably overdiagnosed, it mustexist
because all body systems are suscep-
tible to malfunctioning.

Moreover, most evolutionary bi-
ologists know that natural selection
trades off survival when doing so en-
hances genetic propagation. An early
evolutionary insight into suicide
came from biologistJ. B. S. Haldane,
who famously quipped that he
wouldn’t sacrifice his life to save his
brother, but he would to save 2 broth-
ers or 8 cousins.’ There are clear in-
stances when design evidence alone
reveals selection for suicide."” In
some ant species, workers explode
when they are attacked, spraying a
glue-like substance that immobilizes
their attackers and helps protect other
colony members." In the Australian
redback spider, males flip their abdo-
mens into the jaws of the females with
whom they are mating so they can be
devoured, fertilizing more eggs in the
process.'” These examples illustrate
a profound insight into modern biol-
ogy: organisms evolved to promote
the propagation of their genes, not
necessarily their own survival.

Adaptationist hypotheses for hu-
man suicidal behavior do not involve
anything as exotic as exploding abdo-
mens or copulatory backflips. They
are related to psychiatric research
suggesting that many suicidal acts
are desperate gambles undertaken to
elicit important social benefits.'*'
These hypotheses predict that suicid-
aldecision making involves ananaly-
sis of the risks and benefits at stake
that most likely occurs during suicid-

(Please see Darwin, page 23)



System Disorders — Infrequent: hypersensitivity; Musculoskeletal and Connective Tissue Disorders — Frequent:
musculoskeletal complaints, myalgia; Infrequent: muscle twitching; Nervous System Disorders — Frequent:
coordination abnormal, dysgeusia, memory impairment, migraine, paraesthesia, tremor; Infrequent: amnesia, aphasia,
hypoesthesia, speech disorder; Psychiatric Disorders — Frequent: agitation, confusional state, disorientation; Renal
and Urinary Disorders — Frequent: micturition urgency; Infrequent: bladder pain, urinary incontinence; Respiratory,
Thoracic and Mediastinal Disorders — Frequent: dyspnea; Skin and Subcutaneous Tissue Disorders — Frequent:
night sweats; Infrequent: acne, hyperhidrosis, photosensitivity reaction; Vascular Disorders — Infrequent: flushing.
Postmarketing Experience — Spontaneous reports regarding trazodone hydrochloride received from postmarketing
experience include the following: abnormal dreams, agitation, alopecia, anxiety, aphasia, apnea, ataxia, breast
enlargement or engorgement, cardiospasm, cerebrovascular accident, chills, cholestasis, clitorism, congestive heart
failure, diplopia, edema, extrapyramidal symptoms, grand mal seizures, hallucinations, hemolytic anemia, hirsutism,
hyperbilirubinemia, increased amylase, increased salivation, insomnia, leukocytosis, leukonychia, jaundice, lactation,
liver enzyme alterations, methemoglobinemia, nausea/ vomiting (most frequently), paresthesia, paranoid reaction,
priapism [see Warnings and Precautions and Patient Counseling Information), pruritus, psoriasis, psychosis, rash,
stupor, inappropriate ADH syndrome, tardive dyskinesia, unexplained death, urinary incontinence, urinary retention,
urticaria, vasodilation, vertigo, and weakness. Cardiovascular system effects which have been reported include
the following: conduction block, orthostatic hypotension and syncope, palpitations, bradycardia, atrial fibrillation,
myocardial infarction, cardiac arrest, arrhythmia, ventricular ectopic activity, including ventricular tachycardia and QT
prolongation. In postmarketing surveillance, prolonged QT interval, Torsades de Pointes, and ventricular tachycardia
have been reported with the immediate-release form of trazodone at doses of 100 mg per day or less [see Warnings
and Precautions).

DRUG INTERACTIONS: MAOIs — MAOIs should not be used within 14 days of Oleptro [see Warnings and
Precautions]. Central Nervous System (CNS) Depressants — Trazodone may enhance the response to alcohol,
barbiturates, and other CNS depressants. Cytochrome P450 3A4 Inhibitors — In vitro drug metabolism studies
suggest that there is a potential for drug interactions when trazodone is given with cytochrome P450 3A4 (CYP3A4)
inhibitors. The effect of short-term administration of ritonavir (200 mg twice daily, 4 doses) on the pharmacokinetics of
asingle dose of trazodone (50 mg) has been studied in 10 healthy subjects. The Cmax of trazodone increased by 34%,
the AUC increased 2.4-fold, the half-life increased by 2.2-fold, and the clearance decreased by 52%. Adverse effects
including nausea, hypotension, and syncope were observed when ritonavir and trazodone were co-administered. It is
likely that ketoconazole, indinavir, and other CYP3A4 inhibitors such as itraconazole may lead to substantial increases
in trazodone plasma concentrations with the potential for adverse effects. If trazodone is used with a potent CYP3A4
inhibitor, the risk of cardiac arrhythmia may be increased [see Warnings and Precautions] and a lower dose of
trazodone should be considered. Cytochrome P450 Inducers (e.g., carbamazepine) — Carbamazepine induces
CYP3A4. Following co-administration of carbamazepine 400 mg per day with trazodone 100 mg to 300 mg daily,
carbamazepine reduced plasma concentrations of trazodone and m-chlorophenlypiperazine (an active metabolite)
by 76% and 60% respectively, compared to pre-carbamazepine values. Patients should be closely monitored to see
if there is a need for an increased dose of trazodone when taking both drugs. Digoxin and Phenytoin — Increased
serum digoxin or phenytoin levels have been reported in patients receiving trazodone concurrently with either of
these drugs. Monitor serum levels and adjust dosages as needed. Serotonergic Drugs — Based on the mechanism
of action of Oleptro and the potential for serotonin syndrome, caution is advised when Oleptro is co-administered
with other drugs that may affect the neurotransmitter systems [see Warnings and Precautions]. NSAIDs, Aspirin,
or Other Drugs Affecting Coagulation or Bleeding — Due to a possible association between serotonin modulating
drugs and gastrointestinal bleeding, patients should be monitored for and cautioned about the potential risk of
bleeding associated with the concomitant use of trazodone and NSAIDs, aspirin, or other drugs that affect coagulation
or bleeding [see Warnings and Precautions). Warfarin — There have been reports of altered (either increased or
decreased) prothrombin times in taking both warfarin and trazodone.

USE IN SPECIFIC POPULATIONS: Pregnancy; Pregnancy Category C — Trazodone hydrochloride has been shown to
cause increased fetal resorption and other adverse effects on the fetus in two studies using the rat when given at dose
levels approximately 30 — 50 times the proposed maximum human dose. There was also an increase in congenital
anomalies in one of three rabbit studies at approximately 15 — 50 times the maximum human dose. There are no
adequate and well-controlled studies in pregnant women. Oleptro should be used during pregnancy only if the potential
benefit justifies the potential risk to the fetus. Nursing Mothers — Trazodone and/or its metabolites have been found in
the milk of lactating rats, suggesting that the drug may be secreted in human milk. Caution should be exercised when
Oleptro is administered to a nursing woman. Pediatric Use — Safety and effectiveness in the pediatric population have
not been established [see Boxed Warning and Warnings and Precautions. Oleptro should not be used in children
or adolescents. Geriatric Use — Of 202 patients treated with Oleptro in the clinical trial, there were 9 patients older than
65. No overall differences in safety or effectiveness were observed between these subjects and younger subjects, and
other reported clinical literature and experience with trazodone have not identified differences in responses between
elderly and younger patients. However, as experience in the elderly with Oleptro is limited, it should be used with
caution in geriatric patients. Antidepressants have been associated with cases of clinically significant hyponatremia
in elderly patients who may be at greater risk for this adverse reaction [see Warnings and Precautions). Renal
Impairment - Oleptro has not been studied in patients with renal impairment. Trazodone should be used with caution
in this population. Hepatic Impairment — Oleptro has not been studied in patients with hepatic impairment. Trazodone
should be used with caution in this population.

DRUG ABUSE AND DEPENDENCE: Controlled Substance — Oleptro is not a controlled substance. Abuse — Although
trazodone hydrochloride has not been systematically studied in preclinical or clinical studies for its potential for abuse,
no indication of drug-seeking behavior was seen in the clinical studies with Oleptro. However, it is difficult to predict
the extent to which a CNS-active drug will be misused, diverted, and abused. Consequently, physicians should carefully
evaluate patients for a history of drug abuse and follow such patients closely, observing them for signs of misuse or
abuse of trazodone hydrochloride (e.g., development of tolerance, incrementation of dose, drug-seeking behavior).
OVERDOSAGE: Human Experience - It is expected that the health risks associated with overdose of Oleptro are most
likely similar to those for trazodone immediate-release formulations. Death from overdose has occurred in patients
ingesting trazodone and other CNS depressant drugs concurrently (alcohol; alcohol and chloral hydrate and diazepam;
amobarbital; chlordiazepoxide; or meprobamate). The most severe reactions reported to have occurred with overdose
of trazodone alone have been priapism, respiratory arrest, seizures, and ECG changes, including QT prolongation.
The reactions reported most frequently have been drowsiness and vomiting. Overdosage may cause an increase
in incidence or severity of any of the reported adverse reactions. Management of Overdose — There is no specific
antidote for Oleptro overdose. Treatment should consist of those general measures employed in the management
of overdosage with any drug effective in the treatment of major depressive disorder. Ensure an adequate airway,
oxygenation and ventilation. Monitor cardiac rhythm and vital signs. General supportive and symptomatic measures
are also recommended. Induction of emesis is not recommended. Gastric lavage with a large bore orogastric tube
with appropriate airway protection, if needed, may be indicated if performed soon after ingestion, or in symptomatic
patients. Activated charcoal should be administered. Forced diuresis may be useful in facilitating elimination of the
drug. In managing overdosage, consider the possibility of multiple drug involvement. The physician should consider
contacting a poison control center for additional information on the treatment of any overdose.

Labopharm Europe Limited
Unit 5, The Seapoint Building
44/45 Clontarf Road, Dublin 3, IRELAND

Oleptro™ is a registered trademark of Labopharm Inc.
Contramid® is a registered trademark of Labopharm Inc.
© 2010, Labopharm Europe Limited

All rights reserved. OLP 0009 7/10

[February 2010]

DECEMBER 2010

PSYCHIATRIC TIMES 23 |

Darwin

Continued from page 18

al ideation.” The ARH suggests that
depression would enhance the quality
of this cost-benefit analysis, which
might explain evidence that antide-
pressants promote suicidal behav-
ior.” Elucidating the intricacies of the
relationship between depression and
suicide requires further research.

Next, Coyne argues that the ARH
cannot account for the fact that much
of the phenotypic variability in de-
pression has genetic underpinnings.
As part of his argument, he errone-
ously claims that there are only 2
ways genetic variability can be main-
tained in traits that are selectively
advantageous —environmental vari-
ability and heterozygote advan-
tage —neither of which seems to be
at play in depression. In fact, muta-
tion introduces variation even at loci
that have otherwise been driven to
fixation by selection.

Because mutation at any given
locus is rare, selection against muta-
tions keeps genetic variability low in
simple traits with few underlying
genes. However, highly polygenic,
adaptive traits are more genetically
variable because they are vulnerable
to mutation at many loci and it takes
time for selection to eliminate muta-
tions.'*"” The ARH implies that de-
pression is highly polygenic because
it is a complex trait that regulates
many different body systems, so the
underlying genetic variability is pre-
dicted to be the result of a balance
between mutation and selection.

Coyne makes other points that
amount to saying we have not proved
the ARH. We never said the ARH had
been proved, but rather that it must
“be subjected to greater scrutiny,”! **¥
and we provided many suggestions
for testing it. Coyne prematurely re-
jects the ARH on the basis of surpris-
ingly substandard reasoning, and he
uncritically accepts disorder hypoth-
eses. Erroneous conclusions, and
medical harm, can come fromaccept-
ing any hypothesis uncritically, and
growing evidence indicates that treat-
ments based on disorder hypotheses
for depression do cause harm.'>'%2°

Dr Andrews is an evolutionary biologist cur-
rently working at the Virginia Institute for
Psychiatric and Behavioral Genetics in
Richmond. Dr Thomson is a staff psychiatrist
at the University of Virginia Elson Student
Health Center and has a private practice in
Charlottesville, Va.
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