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Ethnicity and culture represent important factors in shaping psychopathology
as well as pharmacotherapeutic responses in psychiatric patients. A large body
of literature, accumulated over the past several decades, demonstrates that
these factors not only determine the metabolism and disposition of medications
(pharmacokinetics), but also their interactions with therapeutic targets (phar-
macodynamics). This article focuses on the impact of such variations on the
diagnosis and treatment of depression and anxiety disorders between East and
West. Genes controlling the expression of drug metabolizing enzymes as well
as the function of the brain are highly polymorphic, and the patterns and dis-
tribution of these polymorphisms are typically divergent across ethnic groups.
To the extent that these genetic patterns determine drug response, ethnic vari-
ations in these genetic dispositions will lead to differential responses in clinical
settings. In addition, the expression of these genes is significantly influenced
by environmental factors including diet as well as exposure to other natural
products. Superimposed on these biological influences, culturally determined
beliefs and behavioral patterns also profoundly influence patients’ expectations
of treatment response, adherence, and interactions with clinicians. In addition
to pharmacotherapeutic responses, emerging data also indicate that significant
ethnic variations exist in genetic polymorphisms and neurobiologic correlates
(biomarkers) that may be associated with the vulnerability to psychiatric dis-
orders. These considerations argue for the importance of examining biological
variations across ethnic groups, especially in the clinical context, in terms of
the assessment and treatment of psychiatric patients, and in our understand-
ing of psychiatric phenomenology and nosology.

Introduction

Representing salient dimensions responsible for shaping
human behavior and experiences, sociocultural factors
have long been recognized to exert major pathogenetic as
well as pathoplastic effects on psychiatric disorders, and
to significantly influence the course, outcome and treat-
ment response of psychiatric patients. However, until re-
cently, clinicians and researchers have tended to focus
exclusively on psychosocial processes and mechanisms
when investigating variations across ethnic groups, in

both their psychopathological manifestations and treat-
ment response. Inherent in this tendency is an implicit
assumption that biological substrates of psychiatric phe-
nomena are (or should be) universal, and thus their role
in determining ethnic variations is minimal and perhaps
negligible. Contrary to this traditional view regarding the
relationship between culture and biology as being ba-
sically dichotomous in nature, much evidence indicates
that they are intertwined and interactive, and that nei-
ther should be considered in vacuum. In addition, re-
cent advances in molecular medicine show that variations
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(polymorphisms) in genes, including those centrally in-
volved in the functioning of the brain, are typically un-
evenly distributed across ethnic groups. Emerging data
indicate that such genotypic ethnic variations may also
determine an individuals’ therapeutic responses, as well
as vulnerability to psychiatric disorders. Together, these
considerations argue for the importance of examining bi-
ological variations across ethnic groups, especially in the
clinical context, in terms of the assessment and treatment
of psychiatric patients [1].

This review will start with a brief survey of the liter-
ature on ethnic variations in psychopharmacologic re-
sponse, including pharmacokinetic, pharmacodynamic,
and pharmacokinetic aspects (as well as mechanisms re-
sponsible for such variations). This is followed by sections
focusing on ethnic variations in psychiatric diseases and
neurobiologic correlates (biomarkers) that may be rele-
vant to psychiatric phenomenology and nosology. Find-
ings in the former area (psychopharmacologic response)
tend to be more definitive, with many of them possibly
ready for clinical application (i.e., pharmacogenomics and
individualized medicine). In contrast, researches in the
latter (e.g., psychiatric diseases and biomarkers) are re-
cently emerging and tend to be tentative but intriguing
nonetheless. Since the relevant fields are rapidly evolv-
ing, many new findings will be available by the time this
article is published. Thus, this review is not meant to be
comprehensive or definitive; rather it represents a gen-
eral survey of major issues and directions in the area.

Psychopharmacological Response

Substantial and often dramatic racial and ethnic varia-
tions in response to various nonpsychotropic therapies,
sometimes with dire clinical consequences, have been
known for close to a century [2]. For psychotropic med-
ications, however, data confirming clinical impressions
elucidating the underlying mechanisms have emerged
more gradually, converging over the last decade to clearly
demonstrate the existence of ethnic differences in terms
of response to psychotropic therapies [3,4]. Early reports
focused on dosage and adverse event profiles and in-
dicated that Asian patients tend to experience adverse
events at lower dosages of psychotropic medications than
their Caucasian counterparts [4–6]. In one study, Asians
showed a greater therapeutic response than Caucasians
while receiving a significantly lower mean dose of cloza-
pine and lower mean clozapine concentrations than Cau-
casians; moreover, Asians were also significantly more
likely to experience anticholinergic and other side effects
[7]. Corresponding to these, a survey of the unit dose
of medications marketed in non-Western countries for
most drugs showed that they were typically one-quarter

to one-third of those available in Western countries, sug-
gesting that those residing in the former countries tended
to be treated with medications in dose ranges that are
much lower than those in the United States and Europe
[8].

Similar to what has been found in Asian groups, His-
panics might respond to tricyclic antidepressants (TCAs)
with lower dosages while concurrently suffering from
greater side effects [9,10]. In addition, Escobar and
Tuason [9] showed that Colombian depressed patients re-
sponded significantly better than their Caucasian coun-
terparts to trazodone treatment. This was replicated in a
collaborative study on the treatment of depression spon-
sored by the World Health Organization [11], indicating
better response with lower doses at some sites (i.e., Japan
and India), as compared to the U.S. site. Versiani et al.
[12] studied depressed patients recruited from five Latin
American countries (Brazil, Mexico, Peru, Colombia, and
Venezuela), and found a remarkably high rate of over-
all response to both amitriptyline and paroxetine (74%),
with amitriptyline having an additional advantage in the
improvement of sleep symptoms. At the same time, pa-
tients treated with amitriptyline were also more likely
to experience sedation, tremors, weight gain, and anti-
cholinergic side effects.

Also similarly, African-American depressed patients
may be more susceptible to the effects of TCAs than their
Caucasian counterparts displaying faster and more favor-
able clinical responses [13–15], as well as a significantly
higher propensity to develop serious side effects, such as
delirium [16].

Less information has been available in the literature
on selective serotonin reuptake inhibitors (SSRIs). In a
recent study, Chinese depressed patients were found to
require lower dosages with consequently lower plasma
concentrations of sertraline compared to Caucasian pa-
tients to achieve clinical efficacy [17]. As indicated above,
a multisite study showed that Hispanics had an overall
74% response rate with 20 mg fluoxetine [12]. Wagner
et al. [18] also reported that among HIV-positive de-
pressed patients, African Americans were more likely
to be nonresponders to fluoxetine treatment than their
Caucasian counterparts; but there were no significant
differences between the two groups in their treatment
emergent side effect profiles. A pooled analysis study that
included 104 double-blind, placebo-controlled clinical tri-
als was conducted to investigate paroxetine efficacy and
safety for mood and anxiety disorder among white, black,
Hispanic, and Asian subjects. It revealed that Hispanic and
Asian subjects had a lower response rate, while Hispanics
had the lowest and Asians had the highest full response
rates. Speed of response and adverse effects were similar
across groups [19].
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In summary, although there are contradictory re-
sults, the literature in aggregate does support the idea
that ethnicity and culture represent important factors
in determining psychotropic responses. Advances in re-
cent decades have revealed that there are indeed bio-
logical bases for such variations. While not minimizing
the importance of “nonbiological” factors in influencing
pharmacological practices, the biological basis for ethnic
variations in pharmacological responses is now clearly
established with the advent of pharmacokinetics and
pharmacodynamics, and most recently pharmacogenet-
ics and pharmacogenomics. These are briefly reviewed
below.

Pharmacokinetics

A prototype of this kind of studies was a cross-
ethnic study on serum haloperidol levels in normal
male volunteers [1], which measured serum haloperi-
dol concentration in Caucasians, American-born Asians,
and foreign-born Asians over a 7-h period following
haloperidol administration (0.5 mg given intramuscu-
larly or 1.0 mg given orally). The results were similar
between the two Asian groups but significantly differ-
ent between Caucasian and Asian subjects. After con-
trolling for body surface area, Caucasians still had lower
serum haloperidol concentrations than compared to both
Asian groups. A number of studies with similar designs
have investigated ethnic differences in the pharmacoki-
netic profiles of TCAs. Kishimoto and Hollister [20], for
example, compared the kinetics of a single dose of nor-
triptyline in Japanese and Caucasian Americans. Follow-
ing a single dose of 100 mg nortriptyline, the area under
the curve (AUC) for the Caucasian American subjects was
730 ng/mL/h. Although the Japanese subjects received a
lower dose of 50 mg as there were concerns about pos-
sible side effects, they still achieved higher blood lev-
els (AUC of 1150 ng/mL/h) than the Caucasian subjects.
Similarly, a study in the United Kingdom compared the
pharmacokinetic profiles of clomipramine in South Asian
immigrants (Indian and Pakistani) with that of British
Caucasians [21]. Following a single dose of 25 mg or
50 mg clomipramine, the South Asian subjects (whether
residing in Asia or in England) had higher blood levels
than the Caucasian subjects. However, when the study
was repeated with just those South Asian immigrants
who had changed to a more Western diet, the previously
observed difference in blood levels compared with the
Caucasian subjects disappeared. These and other studies
[19,22,23] indicate that substantial ethnic differences in
the pharmacokinetics of TCAs exist; they also suggest that
such differences may be caused by both genetic and en-
vironmental (including dietary practice) factors.

Similarly, a number of carefully designed studies have
also demonstrated substantial ethnic variations in the
kinetics of benzodiazepines between Asians and Cau-
casians. Lin and his associates studied plasma alpra-
zolam concentrations in American-born Asian, foreign-
born Asian and Caucasian healthy male volunteers, and
found that both Asian groups had lower plasma clear-
ance and higher drug concentrations after both oral and
intravenous administration of the medication [1]. In a
later study with similar design, Ajir et al. [24] reported
that the Asian subjects had higher serum concentrations
and lower clearance of adinazolam and its metabolites
than their Caucasian and African American counterparts.
These and other studies [25–27] provided strong support
of significant ethnic differences in response to benzodi-
azepines.

Two earlier studies compared antidepressant responses
between African American and Caucasian patients and
found substantially higher steady-state plasma TCA con-
centrations in the former group when treated with the
same doses of amitriptyline or nortriptyline [28,29].
These studies also gave evidence that African Americans
may be less efficient in the demethylation of tri-
cyclics. Ziegler and Briggs [28] suggested that this slower
metabolic profile might be responsible for the faster and
more effective antidepressant responses reported earlier
by other researchers.

Despite the widespread use of SSRIs and other newer
antidepressants in Asian and Western countries, there are
few studies on ethnic variations in the pharmacokinet-
ics of these agents. In an open-label prospective six-week
study among Australian Chinese, Malaysian Chinese, and
Australian Caucasians depressed patients, the mean ser-
traline concentration to dose ratios at the short-term and
steady state were not significantly different between the
three groups. Although there was a lack of difference in
the pharmacokinetic results, Chinese depressed patients
appeared to require lower dosages with consequently
lower plasma concentrations of sertraline compared to
Caucasian patients, to achieve clinical efficacy [17]. Sim-
ilarly, there also is a paucity of information regarding
the pharmacokinetics of the newer “nonbenzodiazepine”
anxiolytics across ethnic groups.

Pharmacodynamics

Although there are many examples discussing eth-
nic differences in the pharmacodynamics of nonpsychi-
atric medications, including propranolol [30] and opiates
[31,32], less information is available on psychotropics in
this regard. However, there are suggestions in the liter-
ature that differences may exist. In one of the studies
described previously [1], prolactin-response differences
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in normal Caucasian and Asian male volunteers were
measured in addition to serum haloperidol concentra-
tions. Following low doses of haloperidol, the prolactin
response is elevated in a dose-dependent manner. In
this study, the Asian subjects had more prominent pro-
lactin responses than the Caucasian subjects, and such
differences remained robust after adjusting for differences
in serum haloperidol concentrations between the two
groups. Similarly, a lower therapeutic lithium concentra-
tion appears to more appropriate for Asian patients than
for Caucasians. In the United States and Europe, the ther-
apeutic level is between 0.8 and 1.2 mg, but in Asian
patients the therapeutic level is between 0.4 and 0.8 mg
[5,33–35]. The use of a lower therapeutic level appears to
be consistent across a number of Asian countries. Regard-
ing TCAs, Hu et al. [36] reported that severely depressed
hospitalized Taiwanese patients responded to substan-
tially lower combined concentrations of imipramine and
desipramine (130 ng/mL) than Caucasians as reported
in the literature (180–200 ng/mL). These results suggest
that in addition to pharmacokinetic factors, pharmaco-
dynamic factors (dopamine receptor-mediated responses)
also contribute significantly to ethnic differences in re-
sponse to the administration of psychotropic drugs.

Pharmacogenetics

Remarkable progress in the field of molecular genetics in
the past several decades has made it clear that many of
the clinically observed individual and cross-ethnic varia-
tions in pharmacological responses, both in terms of how
drugs are metabolized (part of the pharmacokinetic pro-
cess) and how they act on the target organ (pharmaco-
dynamics), have specific genetic bases. At this point, the
field’s understanding of the genetic mechanisms respon-
sible for ethnic and individual variations in pharmacoki-
netics is extensive and still expanding. In contrast, our
knowledge base with regard to the genetics responsible
for variations in therapeutic target responses is less ad-
vanced, although it also is rapidly evolving. In the fol-
lowing paragraphs, some of the most salient findings in
these areas will be highlighted.

With very few exceptions, the metabolism of psy-
chotropics involves the cytochrome P450 enzymes,
which are often responsible for the rate-limiting step of
the biotransformation and elimination of these drugs.
Three of the most commonly involved in psychotropic
drug metabolism, CYP2D6, CYP3A4 and CYP2C19, will
be discussed here. CYP2D6 is involved in the metabolism
of a large majority of the psychotropic drugs (Table 1) and
has unusually complicated mutation patterns. The num-
ber of functional genes varies from zero up to 13 copies.
The functional risk of mutations encoding this enzyme

Table 1 Psychotropic drugs metabolized by CYP2D6

Antidepressants

Amitriptyline, clomipramine, imipramine, desipramine nortriptyline,

trimipramine, N-desmethyl-clomipramine fluoxetine, norfluoxetine,

paroxetine, venlafaxine sertraline

Neuroleptics

Chlorpromazine, thioridazine, perphenazine, haloperidol reduced

haloperidol risperidone, clozapine, sertindole

Others

Codeine, opiate, propranolol, dextromethorphan, etc.

is important. For example, nortriptyline [37] and ven-
lafaxine [38,39] are metabolized very slowly in patients
possessing no functional CYP2D6 gene, and are thus clas-
sified as poor metabolizers (PM). In contrast, for individ-
uals who have multiple copies of functional genes, the
drug is rapidly metabolized. Ethnic differences that exist
in terms of the activity of CYP2D6 are largely determined
by the genetic polymorphisms that exist across differ-
ent ethnic groups. Some groups rapidly metabolize psy-
chotropic medication and need a higher dose compared
with poor metabolizer groups who are very sensitive to
even low doses of medication. The frequency of the phe-
notype of poor metabolizers differs among ethnic groups.
Less than 1% of Asians, 2–5% African-Americans, and
6–10% Caucasians are poor metabolizers of CYP2D6 [2].
Gene duplications are found in 19–29% of Arabs and
Ethiopians and 1–5% in others [40,41]. Similarly, Luo
et al. found a high frequency of gene duplication in
two Israeli groups: 18% in Ethiopian Jews and 13% in
Sephardic Jews. In contrast, only 6% of Yemenite Jews,
and 4% of Bedouin Arabs shared this mutation [42].

At the other side of the spectrum, the CYP2D6∗4 al-
lele (splice site G1934A transition) [43], which causes
a truncated protein and leads to a complete loss of en-
zyme activity, is responsible for the bimodal distribution
of the CYP2D6 phenotype, with 5–9% of Caucasians clas-
sified as poor metabolizers. This allele is extremely rare
in other populations. The CYP2D6∗17 allele, which con-
tains four mutations (one silent and three amino acid
exchanges T107I, R296C, and S486T) [41], results in
reduced CYP2D6 activity and is found in 25–40% of sub-
Saharan African blacks and is rarely seen in those not of
sub-Saharan African origin. Similarly, the CYP2D6∗10 al-
lele (C100T mutation, resulting in a Pro34 Ser amino acid
substitution) [44] also reduces the CYP2D6 activity and is
found in 47–70% of Asians and 5% of others. Thus, the
pharmacogenetics of CYP2D6 serves as a dramatic exam-
ple demonstrating the importance of genotypic profiles in
determining the phenotypic expression of the enzyme as
well as the pharmacokinetics of medications metabolized
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by this enzyme. The advances made in molecular anal-
ysis may explain in part what many have previously
observed clinically, as reviewed above. That is, Asians
and African Americans are often more prone to devel-
oping side effects from psychotropics than other eth-
nic groups. In addition to genetic variations, the expres-
sion of CYP2D6 also could be inhibited by a large vari-
ety of commonly used medications, leading to potentially
serious drug–drug interaction problems [45,46]. These
inhibitors include quinidine and cimetidine, as well as
many antidepressants and neuroleptics.

CYP2C19 is another of the cytochrome P450 enzymes
involved in the metabolism of a number of psychotropic
drugs. Major ethnic differences exist in terms of the ac-
tivity of this enzyme. Across various groups, the percent-
age of poor metabolizers ranges from 3% to 20%. The
reduction in activity of this enzyme is caused by two spe-
cific mutations. The first is CYP2C19∗2 (G681A) [47],
which has a mutation in exon 5 that causes an aber-
rant splice site. The other variant allele is CYP2C19∗3
(G636A), with a point mutation in exon 4 producing
a premature stop codon. CYP2C19∗3 [47] is specific to
Asian individuals and is not found outside of Asian pop-
ulations. The percentage of poor metabolizers has been
reported to be 20% in Asians, approximately 5% in His-
panics, and approximately 3% in Caucasians [47,48]. The
rate in African-American populations is less clear, with
incidences between 4% and 19% being reported [41].
Our data [49] showed a 5.4% poor metabolizers rate
in African Americans, in comparison to 16.7% in East
Asians, 23.9% in Southeast Asians, 5% in Caucasians,
and 3.2% in Mexican Americans. As with CYP2D6, drug–
drug interaction is also an important consideration in
the prescription of medications metabolized by CYP2C19.
Fluvoxamine is a potent inhibitor of 2C19 along with
other SSRIs, such as paroxetine and fluoxetine. Medica-
tions for the management of anxiety that are metabolized
by CYP2C19 include diazepam, imipramine, amitripty-
line, clomipramine, and citalopram.

CYP3A4 is also involved in the metabolism of the ma-
jority of available drugs (Table 2). The role of this en-
zyme in drug metabolism has attracted attention from
both physicians and pharmaceutical companies in recent
years, as there have been incidences of fatal drug in-
teractions related to this enzyme, which have resulted
in the withdrawal of some drugs from the market. An
example of ethnic differences in the activity of this en-
zyme comes from a study examining the metabolism of
the calcium channel blocker, nifedipine [50,51]. Asian
Indians were found to metabolize nifedipine at a slower
rate than British Caucasians. As described above, another
study reported similar differences between Caucasian and
East Asian male volunteers in the rate of metabolism

Table 2 Drugs metabolized by CYP3A4

Typical Antipsychotics

Thioridazine, haloperidol

Atypical Antipsychotics

Clozapine, quetiapine, risperidone, sertindole, ziprasidone

Antidepressants

Nefazadone, sertraline, mirtazepine, tricyclic antidepressants

Mood Stabilizers

Carbamazepine, gabapentin, lamotrigine

Benzodiazepines

Alprazolam, clonazepam, diazepam, midazolam, triazolam, zolpidem

Calcium Channel Blockers

Diltiazem, nifedipine, nimodipine, verapamil

of alprazolam [1]. In this study, Asian volunteers had
a higher AUC (183 ng/mL/h in American-born Asians,
173 ng/mL/h in Foreign-born Asians) than the Caucasian
subjects (138 ng/mL/h) following single dose oral admin-
istration of the same dose (0.5 mg) after adjustment for
body surface area. Alprazolam is mostly metabolized by
CYP3A4. It is reasonable to speculate that there are eth-
nic differences in the activity of this enzyme.

Besides the genetic influences, the activity of drug
metabolic enzymes is also determined by environmental
factors. Branch et al. [52] reported a significantly longer
antipyrine half-life among Sudanese living in their home
villages as compared to Sudanese residing in Britain and
to white British subjects. Similar findings were reported
in subsequent studies involving South Asians living in
Asia, South Asian immigrants residing in Britain, and
white British subjects [53,54]. With clomipramine and
antipyrine as test drugs, these studies found that im-
migrants who continued to follow their traditional veg-
etarian diet exhibited pharmacokinetic profiles similar
to their brethren in Asia. In contrast, those who had
switched to a British diet showed significantly faster rates
of metabolism. These examples demonstrate that both
genetic and environmental factors are involved in de-
termining the activity of this and other cytochrome en-
zymes. Distinct patterns of genetic polymorphisms exist
across ethnic groups; these can be tested and investigated
alongside possible environmental and dietary factors that
may cause differential expression of these genes.

Polymorphisms in those genes controlling the function
of neurotransmitter systems (e.g., transporters, receptors,
etc.) are thought to be related to the pathogenesis of
many psychiatric disorders as well as to temperament,
personality disorders and personality traits (Table 3). A
case in point is the serotonin transporter gene promoter
region polymorphism (5-HTTLPR), which appears to be
correlated with antidepressant response [55–59] as well
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Table 3 Genes with a possible association and increased susceptibility

for psychiatric disorders

Genes Encoding the Biosynthesis and Catabolism of Neurotransmitters

Tryptophan hydroxylase (TPH)

Tyrosine hydroxylase (TH)

Catechol-O-methyltransferase (COMT)

Monoamine oxidase (MAO)

Receptor Genes

For example, 5-HT-2A, 5-HT-1A, DRD2

Transporter Genes

Serotonin transporter (5-HTT)

Norepinephrine transporter (NET)

Dopamine transporter (DAT)

as vulnerability for a wide range of psychiatric disorders
including depression, anxiety, and suicidal risks [60,61].
The association between this polymorphism and antide-
pressant response is particularly intriguing. Since 1998,
at least five groups in Italy and North America (with
predominant Caucasian patient populations) showed that
the 5-HTTLPR long (l) allele is associated with better or
more rapid SSRIs response [55–57,59]. Two recent stud-
ies also implicate the 5HTTLPR short (s) allele in SSRI-
emergent adverse effects [62,63]. In contrast, in two of
three studies involving Asian depressed patients [59,64],
the association was in the reverse direction: Both studies
reported that the s allele was predictive of better SSRI re-
sponse. In this context, it is particularly worth noting that
the frequency of the 5-HTTLPR l allele vary substantially
across ethnic groups, ranging from below 20% in East
Asians to greater than 70% in those with African ances-
try [65] (Fig. 1). These findings together demonstrate that
serotonin transporter does play a pivotal role in mediat-
ing the therapeutic effects of antidepressants, and at the
same time show that its genotype may interact with eth-
nicity in a way that has not yet been clearly delineated.
Thus, any finding derived from research conducted in a

Figure 1 Percentage of the Serotonin

transporter gene (SLC6A4) polymorphism

among different populations.

particular ethnic group should not be automatically as-
sumed to be applicable in other groups, particularly those
with especially divergent allele distribution patterns.

Another example of significant ethnic differences in
genetic variation can be found in the case of catechol-
O-methyltransferase (COMT), which catalyses the O-
methylation of neurotransmitters, catechol hormones
and drugs such as levodopa and methyldopa. Variations
in COMT activity are caused by a single mutation. Thus,
those homozygous for the low activity (l) allele (G1947A)
[66] will have the lowest enzyme activity. Conversely,
those homozygous for the high activity (h) allele will
have elevated enzyme activity, with the heterozygous
falling in the intermediate range. Ethnic differences in
COMT activity have been observed in several popula-
tions with major differences occurring between Asian and
Caucasian populations in terms of the percentage inci-
dence of low activity COMT (18% and 50%, respectively)
[67,68]. Since COMT mediates the biotransformation of
major neurotransmitters including dopamine and nore-
pinephrine, it is not surprising that the polymorphism has
been found to be associated with risks for psychopathol-
ogy (including schizophrenia and mood disorders) as well
as the treatment outcome of a number of neuropsychi-
atric disorders [69–73]. It is still unclear how the substan-
tial ethnic variations in the COMT allele frequency might
alter or modify such associations.

Neurobiological Correlates

As shown in the discussion above, it should be evi-
dent that ethnic variations could often be quite signifi-
cant, both in terms of genetic predispositions (genotype)
and clinical manifestations (clinical phenotype). What re-
mains much less often explored is the role of ethnicity
in relation to the neurobiological correlates (endopheno-
type) or biological markers of neuropsychiatric disorders.
A number of studies, however, have dealt with markers
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related to depression and anxiety disorders. Some of
these involved electroencephalographic (EEG) sleep pat-
terns and also neuroendocrine changes, more specifically
hypothalamo-pituitary-adrenal (HPA) axis activity and
cortisol secretion. These will be briefly reviewed below.

Sleep Eeg Patterns

Alterations in sleep patterns and sleep disturbances are
very common presenting complaints in psychiatric dis-
orders. The total sleep time, sleep efficiency and rapid
eye movement (REM) latency are all reduced in depres-
sion [74]. In contrast, REM sleep as a percentage of to-
tal sleep time is increased in depression [75]. Insomnia
is also a common feature of this condition [75] and is
highlighted as one of the most consistent symptoms of
depression across samples in various countries. Although
much is known about the changes in sleep patterns as-
sociated with psychiatric disorders, there is little infor-
mation regarding the relationship between ethnicity and
these changes. The data that are available suggest that
there may be ethnic differences in the architecture of
sleep stages. A World Health Organization (WHO) collab-
orative study assessed the reliability and consistency of
EEG sleep abnormalities in major depression [76]. Com-
pared with controls, depressed patients showed sleep-
continuity disturbances such as an increase in sleep-onset
latency and a decrease in total sleep time and sleep effi-
ciency. This was in agreement with the findings of other
studies [74,75]. This study also reported that stages 2 and
3, as percentages of total sleep time, were reduced in de-
pressed patients. Additionally, REM latency was short-
ened (58.44 min in depressed patients, 78.06 min in nor-
mal controls) and REM density increased. However, REM
latency in depressed patients from Tokyo and Mexico City

Figure 2 Night-time rapid eye movement

duration profiles in African-American, Asian,

Caucasian, and Hispanic patients with major

depression.

(85 and 77.4 min, respectively) was significantly different
from depressed patients of other centres.

The influence of ethnicity on the manifestation of
EEG sleep changes has been investigated in patients with
unipolar major depression from the four ethnic groups.
The sleep patterns of these patients were compared with
those of age- and gender-matched normal volunteers
from the same ethnic groups [77]. Sleep continuity, sleep
architecture and REM sleep were generally comparable
among the four ethnic groups. For the normal volun-
teers, the results were similar to those reported by other
studies. The African-American subjects had evidence of
more stage 1 and 2 sleep but had diminished stage 4
sleep whereas the Hispanic subjects had higher REM den-
sity than the Caucasian and Asian groups. Among de-
pressed patients, the African-American and Asian sub-
jects had less total REM sleep and shorter REM durations
during the first three REM episodes but longer REM du-
ration during the fourth REM episode, compared with
Caucasian and Hispanic subjects (Fig. 2). These findings
suggest that although sleep patterns are remarkably sim-
ilar across cultures, there are important cross-ethnic dif-
ferences, particularly in the depth of sleep and in phasic
REM measures. However, the pathological implications
of these differences remain to be explored in careful
prospective studies of depressed patients from different
ethnic backgrounds and in well characterized, racially
matched control comparisons.

Sleep paralysis is a temporary period of involuntary
immobility that can occur at sleep onset or offset and is
often accompanied by visual hallucination and fear. Iso-
lated sleep paralysis (ISP) refers to sleep paralysis, which
occurs without other features of narcolepsy. ISP is highly
suspected to be related to sleep onset REM [78]. Preva-
lence rates of ISP vary among ethnic groups, with most
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estimates ranging from 5% to 30%, but with one estimate
reaching 62% [79,80]. The most consistently elevated
rates have been reported from African-American [81,82],
Nigerian and Sudanese [83,84], Cambodian refugees
[85], Japanese [86], and Chinese [87]. Many studies sug-
gest a relation between ISP and posttraumatic stress disor-
der [88–90], panic disorder [91,92], and anxiety disorder
but not depression disorder [93]. Notably, whereas evi-
dences of association of ISP with panic disorder have been
strong among African-Americans, they failed to reach sta-
tistical significance with Caucasians [82,92]. The strong
association of PTSD and ISP is also found in Cambodian
refugees [90]. It has been suggested that there is a possi-
bility of interaction of ISP and anxiety disorders with eth-
nicity [94,95]. As in previous described, the contribution
of cross-ethnic sleep architecture differences to differen-
tial disease vulnerability, particularly in the depth of sleep
and in phasic REM measures, deserve further research
efforts.

HPA Axis Activity

Activation of the hypothalamic-pituitary-adrenal (HPA)
axis is an important component of the normal stress re-
sponse. Prolonged HPA overactivity occurs at all levels of
this axis in depressed patients. A commonly used marker
for the HPA axis function is the dexamethasone suppres-
sion test (DST), which measures suppression of cortisol;
a nonsuppression rate of approximately 50% has been
reported for depressed patients [96]. DST results from
several studies suggest that depressed non-Caucasian pa-
tients have different patterns of HPA axis activity com-
pared to depressed Caucasian patients. One such study
showed that depressed African-American patients had
a relatively low rate of DST nonsuppression compared
with depressed Caucasian patients (25% and 58% non-
suppression, respectively) [97]. Of the eight Hispanic de-
pressed patients included in this study, none were found
to have nonsuppression. Comparable results were re-
ported by another group who observed DST nonsuppres-
sion in 43% of depressed Caucasian patients but none
of the depressed African-American patients [98]. Other
studies had similar findings and consistently suggest that
DST nonsuppression is lower in depressed non-Caucasian
patients [3,99,100].

Our group has examined the HPA function of de-
pressed patients and normal volunteers from four ethnic
groups. Two groups of patients with chronic fatigue were
also recruited. These included Caucasian and Chinese
subjects. Selection criteria for the Caucasian subjects were
based on the Center for Disease Control (CDC) criteria
for chronic fatigue syndrome while those for the Chinese
subjects were based on the ICD-10 criteria for neurasthe-

nia. Overall, depressed patients tended to show higher
HPA activity than normal volunteers, while the chronic
fatigue patients tended to show lower HPA activities com-
pared to the normal volunteers. The results of a com-
parison of the free cortisol and urinary cortisol levels in
these same groups suggest that there may be ethnic dif-
ferences although the results did not reach a significant
level. The Chinese and Caucasian patients with promi-
nent fatigue showed lower postdexamethasone cortisol
levels.

Overall, there appear to be similarities in the patterns
of EEG sleep and neuroendocrine changes in depressed
patients. Between the ethnic groups, statistically signifi-
cant differences are consistently seen, although the inter-
pretation of why they exist is unclear. One possible ex-
planation is that the biological markers proposed for one
group may not necessarily work well in other groups. For
example, in the DST, dexamethasone is known to be me-
tabolized at different rates in different patients; this may
also be the case across ethnic groups, with the result that
ethnic variations in metabolic rates affect the results of
these studies. In addition, relatively few studies examin-
ing biological markers have included non-Caucasian sub-
jects and these have involved a small sample size. This
is in contrast to the vast number of studies that have
been conducted in the Western population. In order for a
fair comparison to be made, additional studies with non-
Caucasian groups are needed. The results of these will
provide a clearer picture of which aspect of the chrono-
biologic and neuroendocrine changes in depression may
vary between ethnic groups.

Discussion

While it is important to investigate biological differences
between populations, caution must be exercised to en-
sure that ethnic stereotyping does not occur. Although
there are wide intergroup variations, there is also even
greater intragroup variations within each ethnic group.
It is important for the psychiatrist to be mindful of such
variations at both individual and cross-ethnic levels, and
treat his/her patient as an individual. For example, in the
haloperidol study [1], most of the Caucasian subjects had
lower blood levels of haloperidol but within the groups
there was variation with some overlap. Some of the Cau-
casian subjects had higher blood levels, while some Asian
individuals had low blood levels. So it cannot be gener-
alized that Asian patients always need a lower dose of
haloperidol than Caucasian patients. However, patients
from different ethnic and/or environmental backgrounds
may respond differently to psychotropic drugs. The un-
derlying psychogenic or biochemical causes of mental
illness may vary between different cultures and create
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differences in the presenting symptomatology. The psy-
chotropic effect of drugs may then differ or be interpreted
differently. Also, the pharmacokinetics of drugs, particu-
larly rates of metabolism, may differ due to genetic and/or
environmental factors. The relevance of such differences
to general clinical treatment will depend on the type of
drug. If the margin of safety of a particular compound is
small, then variation due to ethnic origin may be an im-
portant factor. Clinical findings should not therefore be
extrapolated from one culture to another without exam-
ination of relevant ethnic groups.

Although striking ethnic differences in pharmacolog-
ical responses to various medications have been doc-
umented in the general medical literature, there is a
paucity of such information in the psychopharmaco-
logical literature. Recent work has provided a number
of studies that illustrate interesting interethnic pharma-
cogenetic, pharmacokinetic, and pharmacodynamic dif-
ferences. Future studies should explore newer assay
methods and imaging techniques capable of measur-
ing receptor-drug interactions. They should also utilize
existing research methodologies to more systematically
scrutinize the nature and extent of such differences.
They should be designed not only to ascertain differ-
ences in drug responses, but also to examine genetic
and environmental (e.g., diet, exposure to enzyme in-
ducers) factors that may contribute to these differences.
Pharmacogenetic probes could be used in combination
with studies examining pharmacokinetic and pharmaco-
dynamic issues for such purposes.

Taken together, the literature clearly indicates that the
disposition and effect of a large number of psychotropic
agents are influenced substantially by ethnicity and cul-
ture. Recent advances in the realm of pharmacokinet-
ics, pharmacogenetics, and pharmacodynamics have led
to a greater understanding of some of the mechanisms
responsible for such differences. Racial and ethnic dif-
ferences in response to psychotropic medication, such as
higher blood levels among some ethnic populations, af-
fect dosage requirements and potential side effects. These
findings highlight the importance of considering ethnic
and racial factors in psychiatric research.
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