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Depression is the leading cause of mental disability worldwide. Women who are depressed
during pregnancy are at a higher risk for preterm delivery, preeclampsia, birth difficulties, and
postpartum depression. The treatment of depression in conventional medicine has focused
on physiological factors that lead to impaired neurotransmitter function and treatments to im-
prove neurotransmitter function. Pharmaceutical substances pose risks for pregnant and
lactating women, and lower risk options are preferred. Micronutrients, including certain B vi-
tamins, folate, and docosahexaenoic acid (DHA†), play a role in the synthesis and absorp-
tion of neurotransmitters. Experimental studies suggest that supplementation with specific
micronutrients may alleviate depressive symptoms and improve birth outcomes in patients
with perinatal depression. Alternative treatments for depression, including nutritional sup-
plements, are an important treatment option for depressive symptoms while limiting poten-
tial side effects and treatment costs. This article explores the biological basis of perinatal
depression and reviews the potential benefits of non-pharmacological interventions. 

introduction

Depression is the leading cause of

mental disability worldwide, according to

the World Health Organization (WHO) [1].

Depression affects about 121 million peo-

ple globally; less than 25 percent of those

affected have access to effective treatment

[2]. The burden of mental disability from

depression falls disproportionately on

women, who have two to three times

greater risk than men [3]. The WHO pre-

dicts that by the year 2020, depression will

be the second largest contributor to the
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global disability-adjusted life years (DALY)

for all ages and both sexes [4]. The WHO

initiative on depression in public health set a

goal to close the treatment gap through the

use of “cost-effective” treatments that will

be available to those who currently have

limited or no access to treatment [5]. 

Perinatal depression is a serious mental

health problem. It has negative effects on

women and poses risks for delivery and in-

fant development [6]. Reducing perinatal

depression may therefore be critical to end-

ing the growing rates of depression and

meeting the goals of the WHO initiative on

depression in public health. 

Women’s risk of developing major de-

pressive disorder (MDD) during childbear-

ing years may be as high as 20 percent [2];

the lifetime risk of developing MDD in

women is 10 percent to 25 percent [4].

Women with MDD often do not seek prena-

tal care during pregnancy and are more likely

to engage in activities that may harm the

fetus, such as drug and alcohol use [7]. Inad-

equate prenatal care and/or drug and alcohol

use during pregnancy can lead to failure to

thrive, poor development, both social and

physical, abnormal brain development, and

reduced motor tone and activity in the new-

born [7]. As many as 20 percent of pregnant

women demonstrate depressive symptoms,

and the prevalence decreases slightly from

12 percent to 16 percent postpartum [6]. 

Postpartum depression ranges from ma-

ternity blues to psychosis [8]. Women with pre-

natal depression have increased risk of

pregnancy complications including preeclamp-

sia, birth difficulties for mother and child, [6]

and postpartum depression [9]. Infants of moth-

ers with major depressive disorder are at risk

for below average physical growth, malnutri-

tion, and chronic illnesses [10]. Beyond these

physical ailments, perinatal depression can

have negative effects on care giving, which in

turn affects cognitive and social development,

including language development [11]. One re-

cent study revealed that perinatal depression is

linked to the development of depression in ado-

lescent offspring. Children at 16 years of age

born to women with depression during preg-

nancy were nearly five times more likely to de-

velop depression than were adolescents born to

women without depression [12]. 

Depression may also affect the inci-

dence of infectious diseases. Depressed

mothers may be less likely to seek proper

medical treatment and adhere to treatment

regimens. One study found that depression

was linked to the perception that an HIV di-

agnosis would decrease a woman’s access to

health services as a result of discrimination

[13]. HIV-positive mothers with depression

may not seek appropriate perinatal care and

as a result may be at increased risk of

mother-to-child transmission of HIV [13]. 

There is currently debate about whether

antidepressants, specifically selective sero-

tonin reuptake inhibitors (SSRIs) and other

serotonergic/noradrenergic antidepressants,

are safe during pregnancy [14]. The Ameri-

can Academy of Pediatrics recommends

using the lowest effective dose of psy-

chotropic drugs in pregnant patients who re-

quire pharmacologic interventions [15]. The

Food and Drug Administration (FDA) clas-

sifies SSRIs and other serotonergic/nora-

drenergic antidepressants as pregnancy

category C or D [16]. Pregnancy category C

indicates that studies in animals demonstrate

adverse effects on the fetus or that studies in

women or animals are not available [16].

When studies are not available, the drug

should only be given if the potential benefit

justifies the potential risk to the fetus [16].

Pregnancy category D indicates that there is

positive evidence of risk to a human fetus,

but that the benefit in an emergent situation

may be acceptable despite the risk [16]. An-

tidepressants have been associated with

major fetal malformation, persistent pul-

monary hypertension of the newborn, self-

limiting neonatal behavioral syndrome, and

possibly the occurrence of miscarriage [14]. 

Nutritional interventions have the po-

tential to serve as both preventive measures

and treatment measures for depression.

Since depression awareness is on the rise,

prophylactic use of nutritional measures

may reduce the incidence of perinatal de-

pression. In addition, nutritional measures

may serve as a primary solution for mild de-

pression and as an adjunctive measure in se-
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vere cases of depression. Since antidepres-

sants pose risks to the fetus, providing a safe

intervention that may reduce the necessary

dose of an antidepressant may decrease the

risk to the fetus while providing the same

level of therapy to the mother. 

It is important to find a way to treat de-

pression in pregnant and lactating women

without harming infants. Nutritional inter-

ventions may be a safe and cost-effective

way of alleviating depression during preg-

nancy. The importance of nutritional status

as a factor in perinatal depression merits fur-

ther investigation. There is limited research

available in the area of perinatal depression

and nutrition. Much of the available research

on the impact of nutrition on depression sug-

gests that there is a promising link between

the two; however, this hypothesis has not yet

been adequately tested.

nutrition and brain function

Nutrition is essential for normal brain

functioning, including the proper function-

ing of neurotransmitters, which may be a

key element of the connection between nu-

trition and depression [17]. Nutritional sta-

tus, particularly fatty acids, folate, and B12,

have been shown to affect depression. Low

omega-3 fatty acid status has been linked to

an increased incidence of depression [18].

Membrane phospholipids mediate the en-

trance of neurotransmitters into the cell. If

the cell has an inadequate amount of mem-

brane phospholipids, the ability of neuro-

transmitters to pass through cell membranes

may be impaired. Several studies have

shown that providing folic acid supplements

in conjunction with selective serotonin re-

uptake inhibitors led to a 50 percent de-

crease in depression scores [19]. Low levels

of serotonin, dopamine, and norepinephrine

may affect the formation of S-adenosylme-

thionine (SAMe), a universal methyl donor

that takes part in the formation of membrane

phospholipids and synthesis of neurotrans-

mitters. 

In order to explore how non-pharmaco-

logical interventions may affect depressive

symptoms, it is important to first examine

the physiology of depression. The next sec-

tions will review the basic physiology of

perinatal depression and the impact that nu-

tritional interventions may have on depres-

sive symptoms.  

Physiology of Perinatal 
dePression

Three different physiological causes of

depression have been identified: low sero-

tonin, dopamine, and norepinephrine levels

in the brain; altered neuromembranes and

the impact of polyunsaturated fatty acids on

these membranes; and hormones, especially

hormonal changes that occur during and

after pregnancy [8,20,21]. Each of these

pathways is affected by specific nutrients

and may be altered by nutritional ap-

proaches. 

Patients with depression have altered

levels of monoamine neurotransmitters [21].

Research has shown that monoamine neuro-

transmitters that fail to cross the blood brain

barrier may result in depression. Early in-

vestigation of the relationship between

monoamine neurotransmitters and depres-

sion initially focused on serotonin. How-

ever, studies that deplete serotonin in human

subjects concluded that not all individuals

with depression responded with similar lev-

els of mood changes to depletion [22]. For

example, in a study by Ruhe et al., adult pa-

tients ingested a tryptophan-deficient amino

acid mixture that decreased serotonin levels

in the brain. This study showed that previ-

ously depressed patients would experience

a brief relapse of symptoms, while individ-

uals without a history of depression tended

not to exhibit any mood changes [23]. 

The tryptophan-serotonin pathway,

whereby tryptophan crosses the blood-brain

barrier and converts to serotonin, has also

been linked to depression [24]. Failure to

process sufficient amounts of tetrahydro-

biopterin, a cofactor in the biosynthesis of

monoamine neurotransmitters, will lead to a

slower production of neurotransmitters [23].

The dopaminergic system has currently be-

come of interest as a potential pathway in-

volved in depression. Studies suggest that
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dopamine may be the primary neurotrans-

mitter responsible for depression. 

Despite several hypotheses about the

specific role that monoamine neurotrans-

mitters play in depression, research has yet

to identify an exact malfunction in the

monoamine system that is consistently as-

sociated with depression [25]. Most likely,

several neurotransmitters are related to de-

pression. Nutritional interventions, particu-

larly folate supplementation, may aid in

maintaining healthy levels of monoamine

neurotransmitters in the brain [26]. 

Polyunsaturated fatty acid availability

determines the structure and properties of

phospholipid membranes, especially in the

brain [18]. These fatty acids play a key role

in receptor function, neurotransmitter up-

take, and signal transmission [17]. Docosa-

hexaenoic acid (DHA) concentrations are

highest in the brain. High concentrations of

DHA are essential to proper serotonin re-

ceptor sensitivity in the brain [27]. Dietary

profiles of polyunsaturated fatty acids, in-

cluding DHA, have changed dramatically in

the last 30 years [27]. These changes may

have affected brain chemistry.  

Depressed patients have reduced con-

centrations of n-3 fatty acids, which alter the

ratio between arachidonic acid (AA) and

eicosapentaenoic acid (EPA) in cell mem-

branes [28]. A study of 34 patients with major

depressive disorder and 14 normal volunteers

found a deficiency of n-3 fatty acids and a re-

sulting increase in monounsaturated fatty

acids in depressed patients [29]. Another

study reported that patients with a higher

plasma ratio of AA to EPA had more severe

depressive symptoms [30]. Polyunsaturated

fatty acid deficiency, especially n-3 fatty

acids, alters the fatty acid composition of neu-

ral membranes in the brain, which changes

membrane fluidity and structure. Such

changes can interfere with serotonin, norepi-

nephrine, and dopamine metabolism and sig-

naling [30]. In a placebo-controlled trial of

EPA as an add-on therapy for major depres-

sive disorder, patients who received 1g/day

of EPA were more likely than controls to

show a 50 percent reduction in the Hamilton

Depression Rating Scale (HDRS) [31].

Hormones including progesterone,

estradiol, prolactin, thyroid-stimulating hor-

mone, and thyroxine are hypothesized to

have a role in the physiology of maternal de-

pression [32]. Hormones change drastically

during pregnancy. For example, estradiol

levels increase 50 times during pregnancy

[8]. Research on nutrients and their role in

the biosynthesis and function of hormones

is just beginning. Additional work is needed

to fully understand the relationship between

nutrition and hormone function. 

Hormonal depression may be caused by

low production of serum estrogen or changes

in gonadal hormones. These may block neu-

rotransmitters, causing depressive symptoms.

Several hormone-related mechanisms have

been investigated as contributors to perinatal

depression, including the hypothalamic-pitu-

itary-adrenal (HPA) axis and cortisol and

pregnancy-related hormones including estro-

gen, progesterone, testosterone, and oxytocin.

Studies investigating the involvement of the

HPA axis and cortisol have had mixed results.

Some studies have found that adrenocorti-

cotropic hormone and cortisol levels are un-

related to depression; others have shown that

higher adrenocorticotropic hormone and

lower cortisol levels are associated with peri-

natal depression [33,34,35,36]. 

A study by Pedersen and colleagues ex-

amined the relationship between thyroid sta-

tus in late pregnancy and perinatal depression

scores, both prenatal and postpartum, in 31

women with normal range thyroid hormone

levels. Thyroid measures and mood assess-

ments were taken at 32 to 35, 36, and 37 weeks

of pregnancy. Patients also rated their mood

every other week between postpartum weeks 2

through 24. Mood ratings were measured on

the Edinburgh Postnatal Depression Scale and

the Beck Depression Inventory. Results

showed that thyroxine concentrations and free

thyroxine indices were correlated significantly

and negatively with depression scores post-

partum [37]. However, a review by Bloch,

Daly, and Rubinow showed that the link be-

tween postpartum depression and a particular

hormonal deficiency are uncertain [38].

During pregnancy, estradiol increases

50 times and progesterone increases 10
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times by the third trimester [39]. Abrupt hor-

mone withdrawal postpartum is hypothe-

sized to lead to the development of

depression, though whether it is a particular

hormone or several is unknown [39]. 

Women who had a major depressive

disorder prior to pregnancy are more likely

to develop postpartum depression than

women who had no symptoms of depression

prior to pregnancy [40], suggesting that

these pathways likely contribute to perina-

tal depression. Understanding the interaction

of pregnancy-related hormones and neuro-

transmitters may be essential to understand-

ing the neurobiology of perinatal depression.

Epidemiological evidence has linked B-6 to

hormone-related depression in women [32].

Although B-6 alone may not be an effective

treatment of depression, B-6 supplementa-

tion may be a valuable adjunctive therapy in

the treatment of depression [32].

There are several nutrient changes that

develop during pregnancy. These nutrient

changes may compound underlying physio-

logical changes that develop with depressive

symptoms. Pregnant women may be at a

higher risk of depression because of concur-

rent nutrient deficiencies that develop dur-

ing pregnancy. As a result, it is important to

account for increased nutritional demands

during pregnancy. 

nutrient changes during
Pregnancy

Pregnant women are at an increased

risk of nutrient deficiencies because nutrient

requirements are higher during pregnancy

[41]. The WHO recommends that pregnant

women consume three times more vitamin

B-12 (0.4 mcg/day non-pregnant to 1.4

mcg/day pregnant) in order to compensate

for changes in B-12 metabolism during

pregnancy [42]. Additionally, pregnant

women require 70 percent more folate com-

pared with non-pregnant and non-lactating

women [41].

The high nutrient demands of pregnancy

coupled with an inadequate intake of nutri-

ents before pregnancy can lead to nutrient

depletion by the end of gestation. These nu-

trients do not easily recover postpartum [17].

For example, DHA is essential to brain

growth and development in the fetus. As a

result, maternal requirements for n-3 fatty

acids are high. Maternal DHA status begins

to decline in the second trimester and is ulti-

mately depleted by the end of most pregnan-

cies. DHA status does not return to its

original level until over 6 months postpartum

[43]. As a result, women who do not supple-

ment their diets with n-3 fatty acids are likely

to develop DHA deficiency, which is associ-

ated with major depressive disorders. 

Folate, vitamin B-12, and vitamin B-6

are critical factors in homocysteine metabo-

lism, and homocysteine is a necessary pre-

cursor in the biosynthesis of the monoamine

neurotransmitters serotonin, dopamine, and

norepinephrine. Folate likely influences the

rate of synthesis of tetrahydrobiopterin,

which is a cofactor in the hydroxylation of

tryptophan and is involved in the biosynthe-

sis of dopamine, norepinephrine, and sero-

tonin. All of these neurotransmitters are

implicated in the pathogensis of depression

[44]. Essential fatty acids make up 45 per-

cent of the fatty acids in synaptic mem-

branes; as a result, they are necessary for

normal neuronal membrane function [45].

The following sections will elucidate

the specific roles of homocysteine metabo-

lism, polyunsaturated fatty acids, and vita-

min B-12 in the development of depression

and review the available literature address-

ing the potential effects of non-pharmaco-

logical interventions on these pathways. 

homocysteine metabolism
and dePression 

Homocysteine is a non-protein-forming

sulfur amino acid. Homocysteine is a key

component of two major metabolic path-

ways: remethylation to methionine (requir-

ing folate and vitamin B-12) and

transsulfuration to cystathionine (requiring

pyridoxal-5-phosphate, the RBC plasma

form of vitamin B-6). These pathways are

coordinated by SAMe [46]. The first of

these pathways, remethylation to methion-

ine, is vitamin B-12 dependent [47]. Once
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methionine is formed, the majority of it is

activated to form SAMe in a folate-depen-

dent reaction, which serves as a methyl

donor in neurological reactions such as the

synthesis of neurotransmitters, the formation

of membrane phospholipids, and the metab-

olism of nucleic acids [48]. Folate and vita-

min B-12 are needed for the synthesis and

metabolism of serotonin and other

monoamine neurotransmitters [49].

High homocysteine levels and folate

deficiency are not only risk factors for peri-

natal depression, but also for several pla-

centa-mediated diseases: low birth weight,

preeclampsia, spontaneous abortion, and

placental abruption [50,51]. Folate supple-

mentation prevents neural tube defects and

decreases incidence of low birth weight

[51]. Folate deficiency may lead to perinatal

depression and poor birth outcomes or poor

birth outcomes alone in two ways: Folate

deficiency may lead to perinatal depression

as well as poor birth outcomes, which could

in turn cause depression in women. In either

case, folate supplementation may reduce the

risk of poor birth outcomes by preventing

placenta-mediated diseases and lowering in-

cidences of perinatal depression. 

Several studies have shown that plasma

and red cell folate levels are low in major

depression; this may be related to poor re-

sponse to antidepressants [48]. In a placebo-

controlled study by Coppen and Bailey, 127

patients with major depression based on

DSM-III-R criteria were randomly assigned

to receive either 500 ug/d of folic acid or an

identical looking placebo in addition to 20

mg/d of fluoxetine, both for 10 weeks. Ten

weeks showed significantly lower Hamilton

rating scale scores in those receiving

placebo and fluoxetine. Interestingly, this re-

sult was confined to women, who had a

baseline Hamilton Rating Scale score of

11.7 (SD 6.7) and a 10-week score of 6.8

(SD 4.1) [48]. Similarly, in a study by

Reyonds and colleagues, of 101 patients

with depressive disease, patients with low

folate levels had significantly higher de-

pressive scores based on a self-rating de-

pression inventory [52]. Another study

found that in depressed patients 60 years or

older, the effectiveness of a selective sero-

tonin reuptake inhibitor (sertraline), as well

as that of a tricyclic antidepressant (nor-

triptyline), depended on folate levels [53]. 

Beyond its potential as a supplement to

pharmaceutical interventions, folic acid it-

self may have antidepressant effects. A study

by Godfrey and colleagues included 123 pa-

tients with a diagnosis of major depression

or schizophrenia. Forty-one of these patients

had a folate deficiency and took part in a

double-blind, placebo-controlled trial of

methylfolate. These patients took 15 mg of

methylfolate daily for 6 months in addition

to their standard psychiatric treatment.

Among both the depressed and schizo-

phrenic patients, supplementation with

methylfolate significantly improved clinical

and social recovery [54]. In a study by

Passeri and colleagues, 96 patients with de-

mentia and a score of >18 on the HDRS par-

ticipated in a double-blind multicenter study.

Of these patients, 47 received 50 mg/d of 5’-

methyltetrahydrofolic acid (5’-MTHF), the

active form of folic acid, and 49 received

100 mg/d of trazodone, a tetracyclic antide-

pressant, both for 8 weeks. After 4 weeks of

treatment, HDRS score dropped from 23 +/-

5 to 20 +/-6 in the 5’-MTHF group and from

23+/-3 to 21 +/-4 in the trazodone group

[55]. 

SAMe has been evaluated as a supple-

ment and has an antidepressant effect similar

to tricyclic antidepressants [56,57,58]. In a

study by Pancheri, Scapicchio, and Delle Chi-

aie, 147 patients received 150 mg/d of oral

imipramine and 146 patients received 400

mg/d of SAMe, both for four weeks. All pa-

tients had a diagnosis of major depressive dis-

order and scores of >18 on the HDRS. The

study found that the efficacy of SAMe is not

significantly different from imipramine, but

was better tolerated by patients [56]. In a re-

view by Papakostas, Alpert, and Fava, the au-

thors indicate that the literature supports the

antidepressant efficacy of SAMe, specifically

that parenteral SAMe is more effective than

placebo and at least as effective as standard

antidepressants. Further supplementation with

SAMe may enhance the treatment response of

standard antidepressants [57,58,59,60,61].
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High homocysteine levels may influence de-

pressive symptoms through decreased pro-

duction of SAMe, combined with the

increased production of S-adenosylhomocys-

teine (SAH), leading to impaired synthesis of

neurotrasmitters and membrane phospholipids

[57].

Polyunsaturated fatty acids
and dePression

Polyunsaturated fatty acids are classi-

fied into two main groups: n-3, in which the

parent essential fatty acid is alphalinolenic

acid (ALA), and n-6, in which the parent es-

sential fatty acid is linoleic acid (LA). n-3

and n-6 fatty acids must be obtained through

diet [62]. Major sources of ALA are fish,

canola oil, soybean oil, and walnuts; major

sources of LA are vegetable oils, margarine,

lean meats, organ meats, and eggs [62]. 

n-3 fatty acids may influence depres-

sion through their effects on membrane flu-

idity. Deficiency of n-3 fatty acids alters the

fatty acid composition of organ membranes,

including the brain; this results in a change

in membrane viscosity. Changes in mem-

brane viscosity influence the metabolism of

serotonin 5-hydroxytryptamine, a neuro-

transmitter associated with the pathophysi-

ology of depression [28]. Depressed patients

have reduced concentrations of n-3 fatty

acids, especially DHA, in red blood cell

membranes and an increased AA:EPA ratio.

This alteration is generally attributed to low

dietary intake of n-3 fatty acids [28].

EPA and DHA are the primary n-3 de-

rived long-chain fatty acids. n-3 fatty acids

accumulate in membrane phospholipids of

neural tissue primarily as DHA, which is re-

quired for brain function. EPA and DHA con-

trol membrane fluidity, enzymatic activities,

binding between molecules and receptors,

biochemical interactions, and movement of

nutrients [63]. Both observational and ex-

perimental studies suggest an association be-

tween n-3 fatty acids and depression [64].

AA is an n-6 fatty acid that is derived

from LA. AA competes with EPA and DHA

for membrane space and conversion to bio-

logically potent eicosanoids. When there is

an abundance of AA, excessive production

of eicosanoids results. The over-production

of eicosanoids affects function of the im-

mune, cardiovascular, renal, bone, and cen-

tral nervous systems [30]. AA has

pro-inflammatory effects, while EPA has

anti-inflammatory effects. When there is an

equal distribution of n-6 and n-3 fatty acids,

EPA is able to mediate the inflammatory ef-

fects of AA [65]. It is important to have an

even distribution of n-6 and n-3 fatty acids

so that the effects of each are kept in check. 

There is epidemiological evidence that

low dietary intake of n-3 fatty acids may be

a contributing factor in major depressive dis-

order. There has been a substantial increase

in lifetime risk for major depression in the

past century. This increase corresponds to a

shift in diet. Americans began eating diets

richer in n-6 fatty acids and lower in n-3

fatty acids [66]. The average ratio of n-6 to

n-3 fatty acids in American diets has risen

from approximately 1:1 to 15:1 [67,68]. 

A study of fatty acids and depression

found that n-3 fatty acids are significantly

depleted in the red blood cell membranes of

depressed patients. Depleted n-3 fatty acid

levels were strongly associated with the

severity of depression. Depressed subjects

did not differ from non-depressed subjects

in terms of absolute total energy intake or

current dietary intake of n-3 fatty acids [66]. 

Postpartum depression is associated

with alterations in fatty acid composition of

serum lipids [69]. Major depressed patients

who were not postpartum have lower total

n-3 fatty acids in serum cholesterol esters

compared to minor depressed patients or

healthy controls [70]. A study of patients

with postpartum depression found that post

partum depression patients had reduced n-3

fatty acids and a shift in the balance of fatty

acids from n-3 toward n-6 [69].

Maternal concentrations of both EPA

and DHA decrease during pregnancy. It may

take up to 1 year for DHA concentrations to

normalize [71]. A study of 112 women at 32

weeks postpartum showed that postpartum

depression was associated with lower DHA

levels. The non-depressed had significantly

higher DHA status than the depressed par-
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ticipants did [72]. DHA is particularly im-

portant during pregnancy because it accu-

mulates rapidly in the neural tissue of the

fetus from gestation through the first year of

life [28]. Studies of rats showed that restric-

tion of n-3 fatty acids during pregnancy and

lactation results in impaired neural function

in offspring that cannot be reversed by later

supplementation [73]. In a cross-national

study in which seafood consumption, DHA

content in mother’s milk, and postpartum

depression were compared, lower concen-

trations of DHA in mother’s milk and lower

national rates of seafood consumption were

largely associated with higher rates of major

postpartum depressive symptoms [74]. 

Rats given a DHA-deficient diet

showed that, with a decreased tissue con-

centration of DHA, there is a 55 percent de-

crease in dopamine concentration in neural

tissue [75]. This suggests that essential fatty

acids play a role in the production of neuro-

transmitters. A study of the brain tissue of

Flinders Sensitive Line rats, rats that model

behaviors characteristic of major depression,

confirmed that there is altered brain fatty

acid composition in an animal model of de-

pression. There is an increased concentra-

tion of n-6 fatty acids in the brain tissue of

FSL rats (21 percent higher in the hypothal-

amus, 24 percent higher in the nucleus ac-

cumbens, 31 percent in the prefrontal cortex,

and 23 percent in the striatum) [76].

Fatty acid supplementation also demon-

strates a relationship between essential fatty

acids and depression. A study conducted

among healthy Japanese students found that

DHA supplementation reduced aggression.

Interestingly, these students had a higher

baseline level of n-3 fatty acids than did av-

erage Americans [77]. A study of monkeys

given a low-cholesterol diet showed that n-

3 fatty acids have an effect on cholesterol

and behavior. Results showed that the ani-

mals on a low-cholesterol diet had lower

serum cholesterol, exhibited more violent

behavior, and had a greater ratio of n-6 to n-

3 fatty acids than did animals on a high-cho-

lesterol diet [78]. Additionally, a study of the

behavioral effects of n-3 fatty acids in mice

showed that n-3 deficiency resulted in de-

creased attention, motivation, and reactivity

to stimuli and rewards [79]. Several studies

have shown significant negative correlations

between red blood cell membrane n-3 fatty

acid levels and depression [66].

conclusion

Nutritional interventions may be a cost-

effective way of preventing and treating de-

pression in pregnancy. When used

prophylactically, nutritional interventions

may decrease the incidence or severity of

perinatal depression. When used as treat-

ment methods, nutritional interventions may

reduce the utilization of or the necessary

dose of psychotropic drugs. Decreasing the

amount of psychotropic drugs used during

pregnancy may reduce the risk of harm to

the fetus, while still providing the mother

with an equivalent amount of therapy. Safely

reducing perinatal and postpartum depres-

sion rates may lead to more positive birth

outcomes and a reduction in the depression

cycle in offspring. 

references

1. The World Health Organization: Depression:
A Global Public Health Concern [Internet].
[cited 2012 Dec 28] Available from:
http://www.who.int/mental_health/manage-
ment/depression/who_paper_depression_wf
mh_2012.pdf. 

2. Goldman LS, Nielsen NH, Champion HC.
Awareness, diagnosis, and treatment of de-
pression. J Gen Intern Med. 1999;14(9):569-
80. 

3. The World Health Organization: Gender and
Women’s Mental Health [Internet]. [cited
2012 Dec 28] Available from:
http://www.who.int/mental_health/preven-
tion/genderwomen/en/. 

4. Bennett HA, Einarson A, Taddio A, Koren G,
Einarson T. Prevalence of depression during
pregnancy: systematic review. Obstet Gy-
necol. 2004;103(4):698-709. 

5. The World Health Organization: WHO Pro-
gram for Depression in Public Health [Inter-
net].[cited 2012 Dec 28] Available from:
http://www.who.int/mental_health/manage-
ment/depression/depressioninph/en/.

6. Leung BM, Kaplan BJ. Perinatal depression:
prevalence, risks, and the nutrition link—a
review of the literature. J Am Diet Assoc.
2009;109(9);1566-75. 

7. Bowen A, Muhajarine N. Antenatal Depres-
sion: Nurses who understand the prevalence,
signs and symptoms, can risk factors associ-
ated with antenatal depression (AD) can play
a valuable role in identifying AD and pre-
venting the sequelae in pregnant women and

134 Rechenberg and Humphries: Nutrition and depression



their families. Can Nurse. 2006;102(9):26-
30.

8. Zonana JE, Gorman JM. The neurobiology of
postpartum depression. CNS Spectr.
2005;10(10):792-9,805.

9. Bowen A, Muhajarine N. Prevalence of ante-
natal depression in women enrolled in an out-
reach program in Canada. J Obstet Gynecol
Neonatal Nurs. 2006;35(4):491-8.

10. Stewart R. Maternal depression and infant
growth – a review of recent evidence. Matern
Child Nutr. 2007;3(2):94-107.

11. Stein A, Malmberg L, Sylva K, Barnes J,
Leach P. The influence of maternal depres-
sion, caregiving, and socioeconomic status in
the post-natal year on children's language de-
velopment. Child Care Health Dev.
2008;34(5):603-12.

12. Pawlby SJ, Sharp DJ, Hay DF, O’Keane V.
Antenatal depression predicts depression in
adolescent offspring: Prospective longitudi-
nal community-based study. J Affect Disord.
2009;113(3):236-43. 

13. Rochat TJ, Richter LM, Doll HA, Buthelezi
NP, Tomkins A, Stein A. Depression among
pregnant rural South African women undergo-
ing HIV testing. JAMA. 2006;295(12):1376-
8.

14. Tuccori M, Testi A, Antonioli L, Formai M,
Montagnani S, Ghisu N, et al. Safety concerns
associated with the use of serotonin reuptake
inhibitors and other serotonergic/noradrener-
gic antidepressants during pregnancy: a re-
view. Clin Ther. 2009;31(Pt 1):1426-53. 

15. Committee on Drugs, American Academy of
Pediatrics. Use of psychoactive medication
during pregnancy and possible effects on the
fetus and newborn. Pediatrics. 2000;105:880-
7.

16. Addis A, Sharabi S, Bonatl M. Risk classifi-
cation systems for drug use during preg-
nancy: Are they a reliable source of
information? Drug Saf. 2000;23(3):245-53.

17. Bodnar LM, Wisner KL. Nutrition and de-
pression: implications for improving mental
health among childbearing-aged women.
Biol Psychiatry. 2005;58(9):679-85.

18. Bourre J. Dietary omega-3 fatty acids and
psychiatry: mood, behavior, stress, depres-
sion, dementia and aging. J Nutr Health
Aging. 2005;9(1):31-8. 

19. Alpert JE, Mischoulon D, Rubenstein GE,
Bottonari K, Nierenberg AA, Fava M. Folinic
acid (Leucovorin) as an adjunctive treatment
for SSRI- refractory depression. Ann Clin
Psychiatry. 2002;14(1):33-8.

20. Parry BL, Sorenson D, Meliska CJ, Basavaraj
N, Zirpoli GG, Gamst A, et al. Hormonal
Basis of mood and postpartum disorders.
Curr Womens Health Rep. 2003;3(3):230-5. 

21. Ressler KJ, Nemeroff CB. Role of serotoner-
gic and noradrenergic systems in the patho-
physiology of depression and anxiety

disorders. Depress Anxiety. 2000;12(Suppl
1):2-19. 

22. aan het Rot M, Mathew SJ, Charney DS.
Neurobiological mechanisms in major de-
pressive disorder. CMAJ. 2009;180(3):305-
13.

23. Ruhe HG, Mason NS, Schene AH. Mood is
indirectly related to serotonin, norepineph-
rine and dopamine levels in humans: a meta-
analysis of monoamine depletion studies.
Mol Psychiatry. 2007;12(4):331-59.

24. Williams AL, Cotter A, Sabina A, Girad C,
Goodman J, Katz DL. The role for vitamin
B-6 as treatment for depression: a systematic
review. Fam Pract. 2005;22(5):532-7.

25. Delgado PL. Depression: the case for a
monoamine deficiency. J Clin Psychiatry.
2000;61(Supp 6):7-11.

26. Bottiglieri T, Laundy M, Crellin R, Toone
BK, Carney MW, Reynolds EH. Homocys-
teine, folate, methylation, and monoamine
metabolism in depression. J Neurol Neuro-
surg Psychiatry. 2000;69(2):228-32.

27. Hibbeln JR, Salem N. Dietary polyunsatu-
rated fatty acids and depression: When cho-
lesterol does not satisfy. Am J Clin Nutr.
1995;62(1):1-9.

28. Ramakrishnan U, Imhoff-Kunsch B, DiGiro-
lamo AM. Role of docosahexaenoic acid in
maternal and child mental health. Am J Clin
Nutr. 2009;89(3):958S-62S.

29. Maes M, Christophe A, Delanghe J, Altamura
C, Neels H, Metzler HY. Lowered omega 3
polyunsaturated fatty acids in serum phos-
pholipids and cholesteryl esters of depressed
patients. Psychiatry Res. 1999;85(3):275-91.

30. Freeman MP, Hibbeln JR, Wisner KL, Davis
JM, Mischoulon D, Peet M, et al. Omega-3
fatty acids: evidence basis for treatment and
future research in psychiatry. J Clin Psychia-
try. 2006;67(12):1954-67.

31. Peet M, Horrobin DF. A dose-ranging study of
the effects of ethyl-eicosapentaenoate in pa-
tients with ongoing depression despite appar-
ently adequate treatment with standard drugs.
Arch Gen Psychiatry. 2002;59(10):913-9.

32. Abou-Saleh MT, Ghubash R, Karim L,
Krymski M, Bhai I. Hormonal Aspects of
Postpartum Depression. Psychoneuroen-
docrinology. 1998;23(5):465-75.

33. Jolley SN, Elmore S, Barnard KE, Carr DB.
Dysregulation of the hypothalamic-pituitary-
adrenal axis in postpartum depression. Biol
Res Nurs. 2007;8(3):210-22.

34. Harris B, Johns S, Fung H, Thomas R,

Walker R, Read G, et al. The hormonal envi-

ronment of post-natal depression. Br J Psy-

chiatry. 1989;154(5):660-7.
35. Harris B, Lovett L, Smith J, Read G, Walker

R, Newcombe R. Cardiff puerperal mood and
hormone study. III. Postnatal depression at 5
to 6 weeks postpartum, and its hormonal cor-

135Rechenberg and Humphries: Nutrition and depression



relates across the peripartum period. Br J
Psychiatry. 1996;168(6):739-44.

36. Okano T, Nomura J. Endocrine study of the
maternity blues. Prog Neuropsychopharma-
col Biol Psychiatry. 1992;16(6):921-32.

37. Pedersen CA, Johnson JL, Silva S, Bunevi-
cius R, Meltzer-Brody S, Hamer R, et al. An-
tenatal thyroid correlates of postpartum
depression. Psychoneuroendocrinology.
2007;32(3):235-45.

38. Bloch M, Daly RC, Rubinow DR. Endocrine
factors in the etiology of postpartum depres-
sion. Compr Psychiatry. 2003;44(3):234-46.

39. Miller LJ. Postpartum depression. JAMA.
2002;287(6):762-5.

40. Dennis CL, Janssen PA, Singer J. Identifying
women at risk for postpartum depression in
the immediate postpartum period. Acta Psy-
chiatr Scand. 2004;110(5):338-46.

41. Allen LH. Vitamin B-12 metabolism and sta-
tus during pregnancy, lactation and infancy.
Adv Exp Med Biol. 1994;352:173-86.

42. The Institute of Medicine [Internet].[cited 2012
Dec 28] Available from: http://www.iom.edu.

43. Al M, van Houwelingen AC, Hornstra G.
Long-chain polyunsaturated fatty acids, preg-
nancy, and pregnancy outcome. Am J Clin
Nutr. 2000;71(1 Suppl):285S-91S.

44. Alpert JE, Mischoulon D, Nierenberg AA,
Fava M. Nutrition and depression: focus on
folate. Nutrition. 2000;16(7-8):544-6.

45. Hibbeln JR, Umhau JC, George DT, Salem
N. Do plasma polyunsaturates predict hostil-
ity and depression? World Rev Nutr Diet.
1997;82:175-86.

46. Selhub J. Homocysteine Metabolism. Annu
Rev Nutr. 1999;19:217-46.

47. Machlin LJ. Handbook of Vitamins: nutri-
tional, biochemical, and clinical aspects (Vol.
13). New York: M. Dekker; 1984.

48. Coppen A, Bailey J. Enhancement of the an-
tidepressant action of fluoxetine by folic acid:
a randomised, placebo controlled trial. J Af-
fect Disord. 2000;60(2):121-30.

49. Bottiglieri T. Folate, vitamin B12, and neu-
ropsychiatric disorders. Nutr Rev.
2009;54(12):382-90.

50. Ray JG, Laskin CA. Folic acid and homocys-
teine metabolic defects and the risk of placen-
tal abruption, pre-eclampsia and spontaneous
pregnancy loss: A systematic review. Placenta.
1999;20(7):519-29.

51. Picciano MF. Pregnancy and lactation: phys-
iological adjustments, nutritional require-
ments and the role of dietary supplements. J
Nutr. 2003;133(6):1997S-2002S.

52. Reynolds EH, Preece JM, Bailey JY, Coppen
A. Folate deficiency in depressive illness. Br
J Psychiatry. 1970;117(538):287-92.

53. Alpert M, Silva RR, Pouget ER. Prediction
of treatment response in geriatric depression
from baseline folate level: interaction with an
SSRI or a tricyclic antidepressant. J Clin Psy-
chopharmacol. 2003;23(3):309-13.

54. Godfrey PS, Toone BK, Bottliglien T,
Laundy M, Reynolds EH, Carney MW, et al.
Enhancement of recovery from psychiatric
illness by methylfolate. Lancet.
1990;336(8712):392-5.

55. Passeri M, Cucinotta D, Abate G, Senin U,
Ventura A, Stramba BM, et al. Oral 5-methyl-
tetrahydrofolic acid in senile organic mental
disorders with depression: results of a dou-
ble-blind multicenter trial. Aging (Milano).
1993;5(1):63-71.

56. Pancherii P, Scapicchio P, DelleChiaie RD. A
double-blind, randomized parallel-group, effi-
cacy and safety study of intramuscular S-adeno-
syl-L-methionine 1,4-butanedisulphonate
versus imipramine in patients with major de-
pressive disorder. Int J Neuropsychopharmacol.
2002;5(4):287-94.

57. Papakostas GI, Alpert JE, Fava M. S-adeno-
syl-methionine in depression: a comprehen-
sive review of the literature. Curr Psychiatry
Rep. 2003;5(6):460-6.

58. Spillman M, Fava M. S-adenosyl-methionine
in psychiatric disorders: historical perspec-
tive and current status. CNS Drugs.
1996;6:416-25.

59. Janicak PG, Lipinski J, Davis JM, Comaty
JE, Waternaux C, Cohen B, et al. S-adeno-
sylmethionine in depression: a literature re-
view and preliminary report. Ala J Med Sci.
1988;25:306-13.

60. Caruso I, Fumagalli M, Boccassini L, Puttini
P, Giniselli G, Cavallari G. Antidepressant
activity of S-adenosylmethionine. Lancet.
1984:1(8382):904.

61. Delle Chiaie R, Pancheri P, Scapicchio P. Effi-
cacy and tolerability of oral and intramuscular
S-adenosyl-l-methionine 1,4-butanedisulfonate
(SAMe) in the treatment of major depression:
comparison with imipramine in 2 multicenter
studies. Am J Clin Nutr. 2002;76(5):1172S-6S.

62. Kris-Etherton PM, Taylor DS, Yu-Poth S,
Huth P, Moriarty K, Fishell V, et al. Polyun-
saturated fatty acids in the food chain in the
United States. Am J Clin Nutr. 2000;71(1
Suppl):179S-88S.

63. Klerman GL, Weisman MM. Increasing rates
of depression. JAMA. 1989;261(15):2229-
35.

64. Sontrop J, Campbell MK. Omega-3 Polyun-
saturated fatty acids and depression: a review
of the evidence and a methodological cri-
tique. Prev Med. 2006;42(1):4-13.

65. Simopoulos AP. Omega-3 fatty acids in in-
flammation and autoimmune diseases. J Am
Coll Nutr. 2002;21(6):495-505.

66. Edwards R, Peet M, Shay J, Horrobin D.
Omega-3 polyunsaturated fatty acid levels in
the diet and in red blood cell membranes of
depressed patients. J Affect Disord.1998;48(2-
3):149-55.

67. Anderson IM, Parry-Billings M, Newsholme
EA. Dieting reduces plasma tryptophan and

136 Rechenberg and Humphries: Nutrition and depression



alters brain 5-HT function in women. Psychol
Med. 1990;20(4):785-91.

68. Simopoulos AP. The importance of the ratio
of omega-6/omega-3 essential fatty acids.
Biomed Pharmacother. 2002;56(8):365-79.

69. De Vriese SR, Christophe AB, Maes M. Low-
ered serum n-3 polyunsaturated fatty acid
(PUFA) levels predict the occurrence of post-
partum depression: further evidence that low-
ered n-PUFAs are related to major
depression. Life Sci. 2003;73(25):3181-7.

70. Maes M, Smith R, Christophe A, Cosyns P,
Desnyder R, Meltzer H. Fatty acid composi-
tion in major depression: decreased omega 3
fractions in cholesteryl esters and increased
C20: 4 omega 6/C20:5 omega 3 ratio in cho-
lesterol esters and phospholipids. J Affect
Disord. 1996;38(1):35-46.

71. Hornstra G. Essential fatty acids in mothers
and their neonates. Am J Clin Nutr.
2000;71(5 Suppl):1262S-9S.

72. Otto SJ, de Groot R, Hornstra G. Increased
risk of postpartum depressive symptoms is
associated with slower normalization after
pregnancy of the functional docosahexaenoic
acid status. Prostaglandins Leukot Essent
Fatty Acids. 2003;69(4):237-43.

73. McNamara RK, Carlson SE. Role of omega-3
fatty acids in brain development and function:
potential implications for the pathogenesis and

prevention of psychopathology. Prostaglandins
Leukot Essent Fatty Acids. 2006;75(4):329-49.

74. Hibbeln JR. Seafood consumption, the DHA
content of mothers’ milk and prevalence rates
of postpartum depression: a cross-national, eco-
logical analysis. J Affect Disord. 2002;69(1):15-
30.

75. Bruinsma KA, Taren DL. Dieting, essential
fatty acid intake, and depression. Nutr Rev.
2000;58(4):98-108.

76. Green P, Gispan-Herman I, Yadid G. Increased
arachidonic acid concentration in the brain of
flinders sensitive line rats: an animal model of
depression. J Lipid Res. 2005;46(6):1093-6.

77. Hamazaki T, Sawazaki S, Itomura M, Asaoka
E, Nagao Y, Nishimura N, et al. The effect of
docosahexaenoic acid on aggression in young
adults: a double blind study. J Clin Invest.
1996;97(4):1129-33.

78. Kaplan JR, Manuchk SB, Shively C. The ef-
fects of fat and cholesterol on social behavior in
monkeys. Psychosom Med. 1991;53(6):634-
42.

79. Frances H, Monier C, Bourre JM. Effects of
dietary α-linolenic acid deficiency on neuro-
muscular and cognitive functions in mice.
Life Sci. 1995;57(21):1935-47.

137Rechenberg and Humphries: Nutrition and depression


