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Abstract

Hot flushes, experienced by 75% of menopausal women,
are associated with estrogen deprivation. Estrogen was
shown to ameliorate hot flushes by interacting with
monoamine neurotransmitters in the brain; reducing
noradrenaline and increasing serotonin. Hormone re-
placement therapy (HRT), the first treatment option,
causes concerns over possible increased risks particularly
breast cancer. Folic acid is involved in the biosynthesis
of serotonin and nordrenaline, which is responsible for
its effects on mood and cognition, and degrees of folate
inadequacy, not severe enough to produce megaloblastic
anaemia, were found to be associated with depression
and cognitive malfunctioning. Also, increased age was
observed to relate to reduced serum and cerebrospinal
fluid folic acid levels. There is emerging evidence that
folic acid supplementation ameliorates hot flushes by the
same mechanism as estrogen. To explore this hypothesis,
a multi-centre, double-blind, placebo-controlled random-
ized is being set up to compare the effect of 5 mg folic
acid vs placebo in reducing the frequency and severity of
hot flushes in postmenopausal women, and on the blood
level of serotonin and noradrenaline. If folic acid supple-
mentation is demonstrated to be effective, this will be a
turning point in the clinical practice since it represents a
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cheap, safe and well-tolerated alternative to HRT.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Hormone replacement therapy usage by post-
menopausal women with hot flushes causes concerns
over possible increased risks particularly breast can-
cer. The improved longevity of women in general and
breast cancer survivors in particular, and the limited
success shown by the non-hormonal alternatives made
it imperative to find a therapy that is effective and safe.
It is hypothesized that folic acid supplementation may
ameliorate hot flushes by the same mechanism as es-
trogen supplementation, /.e., by reducing noradrenaline
and increasing serotonin neurotransmitters. This article
discusses the rationale, potential role, mechanisms
of action and safety issues related to its use in these
women.
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CURRENT DILEMMA

Hot flushes, the most characteristic menopausal symp-
tom, are experienced by up to 75% of menopausal wom-
en, and in half of them symptoms are severe enough to
seek medical advice!”. Hot flushes are associated with
estrogen deprivation and they are the most commonly re-

ported side effect of the selective estrogen receptor mod-
ulators”. Therefore, hormone replacement therapy (HRT)

November 10, 2013 | Volume 2 | Issue 4 |



Ewies AAA. Folic acid supplementation and hot flushes

is the first treatment option". However, the perception
of the risks and benefits of HRT had changed since the
publication of Women’s Health Initiative Trial in 2002
and an increasing number of women are secking alterna-
tives for conventional HRT because of the concerns over
possible increased risks particularly breast cancer'. In ad-
dition, there is evidence that non-hormonal mechanisms
play an important role in the pathophysiology of hot
flushes™.

Treatment of breast and endometrial cancer frequent-
ly results in the loss of ovarian function and menopausal
symptoms. Symptoms of iatrogenic menopause are usu-
ally more intense than those of natural menopause due to
sudden onset of symptoms, younger age, and the physical
and psychological impacts such as body image concerns
and sexual dysfunction[()]. Furthermore, the improved
longevity of breast cancer patients and the increased use,
in recent years, of aromatase inhibitors over tamoxifen,
78 made it
imperative to find a therapy that is effective and safe. In
addition, the use HRT in breast and endometrial cancer
survivors is not welcomed by most women and doctors

leading to profound estrogen deprivation

because of the potential stimulation of residual cancer

. . .. . 9
and the induction of new hormone-sensitive disease!.
The non-hormonal alternatives which are commonly

proposed to these women showed a limited success™' "1,

HOT FLUSHES - THE MECHANISM AND
ROLE OF ESTROGEN

The entire episode of hot flushes usually lasts no more
than 1-3 min. The frequency can range from 5 per year
to 50 per day, with great variations among individuals or
even within an individual, although 5-10 times per day is
more common. They generally persist for 1 to 5 yeats, but
in some women they can continue for as long as 44 years.
There is no accepted metric for measuring severity of hot
flushes".

Hot flushes exact aetiology is not yet understood.
Although many theories were postulated to explain the
pathophysiology, none of them could explain all aspects
of hot flushes. Estrogen replacement was shown to ame-
liorate hot flushes by interacting with monoamine neu-
rotransmitters in the brain; noradrenaline and serotonin
[5-hydroxytryptamine (5-HT)]".

It was hypothesized that hot flushes are triggered
within the hypothalamus by ar-adrenergic receptors on
noradrenergic neurons. There is evidence to suggest
increased central noradrenergic activity in women suffer-
ing from flushes, leading to disturbances in the thermo-
regulatory centre which is probably responsible for the
occurrence of flushes™. Tt was found that yohimbine, an
oe-adrenergic antagonist, increased central noradrenaline
release, provoking hot flushes, while clonidine, an a2-
adrenergic agonist, reduced central noradrenaline release,
raised the sweating threshold and lowered the shivering
threshold, leading to amelioration of flushes" ', This
theory was further supported by finding significantly el-

(49

Jgu:s:;:mg@ WJOG | www.wjgnet.com

88

evated plasma levels of 3-methoxy 4-hydroxy phenyl gly-
col (MHPG), the end metabolite of brain noradrenaline
in women with hot flushes!”"".

Furthermore, it was found that 5-HT1a, 5-HT2a and
5-HT7 receptors are implicated in hypothalamic control
of temperature[z’w]. It was hypothesized that hot flushes
are the net result of activation of estrogen withdrawal
induced up regulated 5-HT2a receptors in the hypothala-
mus by mild internal or external stimuli such as high am-
bient temperatures, anxiety, coffee, or alcohol, resulting
in a hyperthermic responsem. Estrogen affects the func-
tion of serotonin neural system, and the blood levels of
serotonin fluctuate with the circulating levels of estrogen.
In spontaneous and surgically menopausal women, it was
found that blood levels of serotonin were reduced by
about 50% when compared to premenopausal controls
and estrogen replacement restored levels to normal”.
Further, estrogen replacement in postmenopausal women
augmented serotonergic activity, increased the excretion
of 5-hydroxyindoleacetic acid (5-HIAA; the main me-
tabolite of serotonin)[zﬂ and increased the expression of
tryptophan hydroxylase, the key enzyme in serotonin bio-
synthesis'”. In addition, a number of serotonergic com-
pounds such as serotonin re-uptake inhibitors fluoxetine,
venlafaxine, sertraline and paroxetine, and the serotonin
disinhibition mianserin and mirtazapine were shown to
reduce both the number and intensity of hot flushes".

FOLIC ACID: WHAT CLINICIANS NEED
TO KNOW?
Background

Folic acid, a water-soluble B-Vitamin, serves as the parent
for a large family of compounds having similar nutritional
value to which the generic term “folates” is appliedm]. As
per the definition of a vitamin, it cannot be synthesized
de novo, and must be derived from diet or supplementation.
Dietary folates is found in leafy green vegetables, legumes,
beans, liver, citrus fruits and yeastm. The name “folate”
derives from the Latin for leaf (folia) since leafy green
vegetables do contain folate™*, Multiple biochemical
conversions are required for dietary folates to become tet-

rahydrofolates; the metabolically active and tissue-usable
forms. Folates are involved - via donation of a methyl
group - in numerous biochemical pathways including
monoamine neurotransmitters synthesis, which is respon-

sible for its effects on mood and cognition[zafm.

Pharmacokinetics

Folic acid, the synthetic molecule, is highly absorbed
(85%-95%) when compared to the dietary form (50%).
Folate absorption takes place in the lumen of the proxi-
mal small intestine. After assimilation by the intestinal ep-
ithelial cells, a substantial fraction of the absotbed folate
is methylated and reduced, partly through the action of
“methylene tetrahydrofolate reductase enzyme”, to 5-me-
thyl tetrahydrofolate, which is the main circulating form
of folic acid®. Vitamin Bi2is involved in the methyla-
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tion of homocysteine to methionine, which is needed to
convert 5-methyl tetrahydrofolate to tetrahydrofolate™.
The peak folate serum level after oral administration is
reached within 30 to 60 min. The average value of folic
acid in serum is 7-36 nmol/L. Tetrahydrofolate and its
derivatives are distributed in all body tissues. The liver,
the principal storage site, contains half of the total body
stores followed by erythrocytes. The normal erythrocyte
level is about 320-1300 nmol/L**,

Safety

Folic acid is usually well-tolerated with no adverse effects
associated with the consumption of excess folates from
food in human”**", Daily oral supplements of 5-10 mg
synthetic folic acid appear to be well tolerated and rarely
cause side effects in healthy individuals™™". A few cases
of allergic reactions have been reported including skin
rash, swelling of the face, lips, tongue or throat, or bron-
chospasm[%’m’m. Caution is necessary in administering
folic acid supplements alone in megaloblastic anaemia.
If the cause is vitamin B12 deficiency, the megaloblastic
anaemia may be corrected , but any nuerological manifes-
tations (eg., subacute combined degeneration of the cord)
are likely to get worse™. Folic acid supplements should be
used with cautions also in patients with epilepsy because
seizures activity may be induced since it reduces the serum
level of some anti-convulsants™. A recent meta-analysis
found no increase in overall and site-specific cancer in-
cidence in the randomized controlled trials of folic acid
supplementation at doses higher than those from fortifi-
cation. It included 13 trials (with 49621 participants) that
compared folic acid »s placebo, had treatment duration
of at least 1 year, and included at least 500 participants.
It was found that, during an average treatment duration
of 5.2 years, folic acid supplementation increased folate
serum concentrations by 4-fold (573 nmol/L for the folic
acid groups »s 135 nmol/L for the placebo groups), but
had no significant effect on overall cancer incidence (1904
cancers in the folic acid groups »s 1809 cancers in the
placebo groups, RR = 1.06, 95%CI: 0.99-1.13, P = 0.10).
There was also no trend towards greater effect with longer
treatment durations””

HOW FOLIC ACID COULD AFFECT BRAIN
FUNCTION

Folic acid is essential for the functioning of the ner-
vous system. It is necessary for the biosynthesis of the
monoamine neurotransmitters serotonin, noradrenaline
and dopamine. 5-methyltetrahydrofolate, participates in
re-methylation of the amino acid metabolite homocys-
teine, creating methionine. The downstream metabo-
lite of methionine; S-adenosylmethionine, is involved
in numerous one-carbon methylation reactions in the
body, including those that create neurotransmitters, ze.,
S-adenosylmethionine must be present as a methyl donor
for both the serotonin and catecholamine pathways to
function properly. After donation of its methyl group,
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S-adenosylmethionine becomes homocysteine™ . At

this point, homocysteine must either be further metabo-
lized to become cysteine, taurine, and glutathione or re-
methylated to become methionine again. Re-methylation
is done via “methionine synthetase”, which facilitates the
donation of a methyl group from vitamin B12 (which
gets its methyl group from 5-methyltetrahydrofolate).
Therefore, some researchers believe homocysteine is sim-
ply a marker of folate and/or B12 deficiency. Without
the participation of 5-methyltetrahydrofolate in this pro-
cess, S-adenosylmethionine and neutrotransmitter levels
decrease in the cerebrospinal fluid™***,
5-methyltetrahydrofolate also appears to stabilize,
enhance production of, or possibly act as a substitute for
tetrahydrobiopterin (BH4), which is an essential nutrient
cofactor in the biosynthesis monoamine neurotransmit-
ters serotonin, dopamine, noradrenaline, and adrena-
line™**, Tt appears to be important in regenerating BH4,
which is highly susceptible to oxidation. In the absence of
an adequate amount of BH4, 5-methyl tetrahydrofolate
may substitutes for BH4 in the “hydroxylase enzymes”

. . . . . 36,37
involved in monoamine neurotransmitters synthesis™*"’,

Folic acid deficiency in depression and old age

Over the past four decades, degrees of folate deficiency
not severe enough to produce megaloblastic anaemia,
were found to be associated with psychological symp-
toms, particularly depressive symptoms (e.g., apathy, fa-
tigue, insomnia, irritability and concentration difficulties)
and impaired cognitive functioningmw. Up to 71% of
individuals with severe folic acid deficiency were found to
have depression*'!, and a French study found a significant
association between high folate intake and a lower risk of
depression in middle-aged men and women'™. Bottiglieri
etal)in a study of 46 inpatients with severe depression,
found that 52% of them were having high homocysteine.
Further, depressed patients with increased serum ho-
mocysteine had significantly lower (1) serum, red blood
cell and cerebrospinal fluid folate; (2) cerebrospinal fluid
S-adenosylmethionine; and (3) the metabolites of sero-
tonin, noradrenaline and dopamine.

Several studies reported that low blood levels of folate
and vitamin B12, and high levels of homocysteine were
correlated with depression especially in the elderl§f[34’4o’4”.
A recent meta-analysis of 11 studies (# = 15315) found
a significant relationship between the risk of depres-
sion and low folate status'>* and it was reported that
15%-38% of adults with severe depression had border-
line or low serum and red blood cell folic acid™* . Tt is
estimated that 20%-30% of individuals with depression
have also high homocystein levels™****", Tnvestigations
revealed a connection between high homocysteine levels
and brain dysfunction, including cognitive function, de-
mentia, Alzheimet’s disease, and depressionm] because
it has a neurotoxic effect through several mechanisms,
including impaired methylation, excitotoxicity, oxidative
stress and hypoxia in the central nervous systemmj. Folate
deficiency, by elevating homocysteine levels, may have a
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Pl and folic acid supplementation was

role in depression
shown to reduce elevated homocysteine levels™.
Increased age has been observed to relate to reduced
serum and cerebrospinal fluid folic acid concentrations,
and with increased, homocysteine levels at the same

time*’

. The results of the studies are conflicting as re-
gards the relation between depression and serum folic
acid level in elderly population with some failing to iden-
tify a relationship[51’53] and others showing an inverse rela-
tionship[54’55]. It may be argued that folic acid deficiency in
individuals with depression, particularly the elderly, might
be attributed to poor nutrition, medication, chronic dis-
ease, increased needs, or malabsorption; however, low
folic acid levels were observed in overweight individu-
als with depression, and in individuals who had gained

weight inadvertentlym’m.

FOLIC ACID MAY CURE HOT FLUSHES:
THE CLINICAL EVIDENCE SO FAR

The scientific literatures were searched using NHS evi-

dence website: www.evidence.nhs.uk on March 4, 2013.
Then under Journals and Databases, “Healthcare Databas-
es Advanced Search” was accessed and the following data-
bases were searched; AMED, BNI, CINAHIL., EMBASE,
HEALTH BUSINESS ELITE; HMIC, MEDLINE,
PsycINFO. The key words for search were: “folic acid
and menopausal women” and “folic acid and hot flushes”.
The search result was combined using “OR” and retrieved
44 articles. Only one original article™, an abstract”™ and a
hypothesisﬁg] wete found (7 = 3). The rest of the articles
have been excluded; duplicates (7 = 22) or non-relevant
articles (z = 19).

Gaweesh ¢ @/ in a small prospective cohort study,
examined the effect of folic acid 5 mg supplementation
vs placebo for 4 wk on the occurrence of hot flushes
in 46 healthy postmenopausal Egyptian women. In the
treatment group, there was significant improvement of
symptoms and significant lowering in plasma levels of
MHPG. There was significant negative correlation be-
tween clinical improvement in hot flushes and the plasma
level of MHPG. The improvement was described as
“good” on complete disappearance of hot flushes, and
“moderate” when the frequency and intensity of the
flushes were satisfactorily reduced. The level of improve-
ment was subjectively decided by women based on their
overall feeling as regards the number and intensity of
hot flushes. In the treatment group, 9 (39.1%), 6 (26.1%)
and 8 (34.8%) women had good, moderate and no im-
provement, respectively. The equivalent figures for the
control group were 1 (5.3%), 2 (10.5%) and 16 (84.2%),
respectively. The number of women who had good im-
provement was significantly higher in the treatment group
(P = 0.01), but the difference between the two groups as
regards moderate improvement did not reach statistical
significance (P = 0.26). The number of women who had
no improvement was significantly higher (P = 0.002) in
the control group. On comparing the mean plasma levels
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of MHPG before and after treatment in both groups, a
significant lowering in mean level was found in the treat-
ment group (# = 6.12, mean % change = -24.1 + 17.9,
P < 0.001) when compared with the control group (# =
1.72, mean % change = -5.59 £ 16.4, P = 0.10). In the
treatment group, the test of correlation [Spearman’s rank
correlation coefficient (7)] showed a significant negative
correlation between clinical improvement in hot flushes
and the plasma level of MHPG (r = -0.453, P = 0.03).

Although these results are encouraging, the study had
many limitations. First, the study was underpowered with
small number of participants which is not sufficient to
generalize the results. Second, folic acid supplementation
was given for a short duration disallowing evaluation of
its benefit on the medium and long terms. Last, the bias
in allocation and assessment cannot be excluded since it
is not a randomized double blind controlled study.

The second study, which was published as an abstract
and included two groups (#» = 20 cach), investigated the
effect of 5 mg folic acid supplementation for 4 wk »s no
treatment. The treatment group demonstrated an average
of 57% reduction in the frequency in hot flushes by the
4™ week of treatment, while no change was observed in
the control group””,

HOW MIGHT FOLIC ACID AMELIORATE
HOT FLUSHES?

Hot flushes possibly occur because of the increased cen-

tral noradrenergic activity leading to disturbances in the
114,17,18] ..
, and/or activation of es-

thermoregulatory centre
trogen withdrawal induced up-regulated 5-HT2a receptors
in the hypothalamus by mild internal or external stimuli
resulting in a hyperthermic response’”. Animal studies
reported that folic acid, like estrogen, reduced noradrena-
line secretion®™ and increased serotonin activity”™. Tt
was found that folic acid administered to mice produced
an antidepressant-like effect mediated by an interaction
with the noradrenergic receptors (a1 and or2) and seroto-
nergic receptors (5-HT1a and 5-HTaa/20)"".

It was suggested that the link between folate and
noradrenaline and serotonin metabolism is probably
through BH4 since there is a significant positive correla-
tion between its CSF levels with that of 5-HIAA and
red cell folate in patients with severe depression[34’61]. As
previously mentioned, 5-methyltetrahydrofolate appears
to stabilize, enhance production of, or possibly act as a
substitute for BH4, which an essential nutrient cofactor
in the biosynthesis of serotonin and noradrenaline”**,
5-methyltetrahydrofolate causes a significant reduction
in the noradrenaline secretion to only 12.9% of control
release, probably by duplicating the rate limiting behav-
1our of a synthetic pteridine cofactor “DL,2-amino-
4—hydroxy—6,7,dirnethyltetrahydropteridine”[60]. Further,
folate deficiency was associated with decreased serotonin
activity™, and supplementation with folic acid increased
CSF levels of 5-HIAA in folate deficient patients with

depressionmz]. Interestingly, it was found that the regional
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distribution of 5-methyltetrahydrofolate in the brain was
similar to that of serotonin®’.

Stopien ez al®? suggested that there might be a role
for folate and possible methionine metabolism involve-
ment in the development of depression in postmeno-
pausal women, and it was also reported that there is an
association between hot flushes and high rate of depres-

65-67]

sion both in postmenopausal’ and perimenopausal

THE FUTURE

It is plausible to assume that folic acid supplementation
objectively ameliorates hot flushes by the same mecha-
nism as estrogen replacement, ze., by interacting with
monoamine neurotransmitters in the brain; namely nor-
adrenaline and serotonin. It lowers noradrenaline and
increases serotonin activities. Nevertheless, there is a need
for well designed studies: (1) To investigate the effect of
folic acid supplementation on the frequency and severity
of hot flushes; (2) To explore whether symptomatic post-
menopausal women are deficient in folate, and which pa-
tients are most suitable for folic acid therapy. It should be
borne in mind that folate levels in the normal range might
still be inadequate for the purpose of methyl donation
and neurotransmitter synthesis in some individuals™; (3)
To find out the optimum dose and the proper duration of
therapy. Although 5 mg folic acid supplementation is con-
sidered as the standard dose, some investigators alleged
that small doses up to 2 mg administered over a long time
span may be preferable because the entry of folate in the
nervous system is limited by the blood brain bartier, thus
rendering large quantities inefficient™; and (4) To study
the correlation between folate levels and monoamine neu-
rotransmitters serotonin and noradrenaline.

To resolve some of these issues, a multi-centre, dou-
ble-blind, placebo-controlled randomized, phase III trial
is being set up and sponsored by “University of Birming-
ham” and “Sandwell and West Birmingham Hospitals
NHS Trust”, United Kingdom to directly compare the ef-
fect of 5mg folic acid »s placebo in reducing the frequency
and severity of hot flushes in postmenopausal women,
and on the blood level of monoamine neurotransmitters
serotonin and noradrenaline. If folic acid supplementa-
tion is demonstrated to be effective, this will be a turning
point in the clinical practice worldwide since it represents
a cheap, safe, well-tolerated alternative to the conventional
HRT, particulatly in breast and endometrial cancer survi-
vors who have no options at the moment but to live with

their disabling symptoms.

REFERENCES

1 Freedman RR. Hot flashes: behavioral treatments, mecha-
nisms, and relation to sleep. Am | Med 2005; 118 Suppl 12B:
124-130 [PMID: 16414337 DOI: 10.1016/j.amjmed.2005.10.022]

2 Berendsen HH. The role of serotonin in hot flushes. Ma-
turitas 2000; 36: 155-164 [PMID: 11063896 DOI: 10.1016/
50378-5122(00)00151-1]

(49

Jgu;:;:mg@ WJOG | www.wjgnet.com

91

Ewies AAA. Folic acid supplementation and hot flushes

3 Alfhaily F, Ewies AA. Acupuncture in managing menopaus-
al symptoms: hope or mirage? Climacteric 2007; 10: 371-380
[PMID: 17852139 DOI: 10.1080/13697130701612315]

4 Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ,
Kooperberg C, Stefanick ML, Jackson RD, Beresford SA,
Howard BV, Johnson KC, Kotchen JM, Ockene J. Risks and
benefits of estrogen plus progestin in healthy postmeno-
pausal women: principal results From the Women’s Health
Initiative randomized controlled trial. JAMA 2002; 288:
321-333 [PMID: 12117397 DOI: 10.1001/jama.288.3.321]

5 Mann JJ, Stanley M, McBride PA, McEwen BS. Increased se-
rotonin2 and beta-adrenergic receptor binding in the frontal
cortices of suicide victims. Arch Gen Psychiatry 1986; 43: 954-959
[PMID: 3019268 DOI: 10.1001/ archpsyc.1986.01800100048007]

6  Singh P, Oehler MK. Hormone replacement after gynaeco-
logical cancer. Maturitas 2010; 65: 190-197 [PMID: 20018467
DOI: 10.1016/j.maturitas.2009.11.017]

7  Haspels AA, Luisi M, Kicovic PM. Endocrinological and
clinical investigations in post-menopausal women following
administration of vaginal cream containing oestriol. Maturi-
tas 1981; 3: 321-327 [PMID: 6801440 DOI: 10.1016/0378-5122(
81)90041-4]

] Morales L, Neven P, Timmerman D, Christiaens MR, Ver-
gote I, Van Limbergen E, Carbonez A, Van Huffel S, Ameye L,
Paridaens R. Acute effects of tamoxifen and third-generation
aromatase inhibitors on menopausal symptoms of breast
cancer patients. Anticancer Drugs 2004; 15: 753-760 [PMID:
15494636 DOI: 10.1097/00001813-200409000-00003]

9 Biglia N, Mariani L, Marenco D, Robba C, Peano E, Kubatzki

F, Sismondi P. Hormonal replacement therapy after gynae-

cological cancer. Gynakol Geburtshilfliche Rundsch 2006; 46:

191-196 [PMID: 17068403 DOI: 10.1159/000095727]

Elshafie MA, Ewies AA. Transdermal natural progester-

one cream for postmenopausal women: inconsistent data

and complex pharmacokinetics. ] Obstet Gynaecol 2007; 27:

655-659 [PMID: 17999287 DOI: 10.1080,/01443610701582727]

Ewies AA. A comprehensive approach to the menopause: so

far, one size should fit all. Obstet Gynecol Surv 2001; 56: 642-649

[PMID: 11590315 DOI: 10.1097/00006254-200110000-00023]

Ewies AA. Phytoestrogens in the management of the meno-

pause: up-to-date. Obstet Gynecol Surv 2002; 57: 306-313

[PMID: 11997677 DOI: 10.1097 /00006254-200205000-00023]

Feldman BM, Voda A, Gronseth E. The prevalence of hot

flash and associated variables among perimenopausal wom-

en. Res Nurs Health 1985; 8: 261-268 [PMID: 3852361 DOI:
10.1002/nur.4770080308]

Freedman RR, Woodward S, Sabharwal SC. Alpha 2-adren-

ergic mechanism in menopausal hot flushes. Obstet Gynecol

1990; 76: 573-578 [PMID: 2170883]

Delaunay L, Herail T, Sessler DI, Lienhart A, Bonnet F.

Clonidine increases the sweating threshold, but does not

reduce the gain of sweating. Anesth Analg 1996; 83: 844-848

[PMID: 8831332 DOI: 10.1097/00000539-199610000-00033]

Delaunay L, Bonnet F, Liu N, Beydon L, Catoire P, Sessler

DI. Clonidine comparably decreases the thermoregulatory

thresholds for vasoconstriction and shivering in humans.

Anesthesiology 1993; 79: 470-474 [PMID: 8363071 DOI: 10.1097

/00000542-199309000-00009]

Freedman RR. Biochemical, metabolic, and vascular mecha-

nisms in menopausal hot flashes. Fertil Steril 1998; 70: 332-337

[PMID: 9696230 DOI: 10.1016/S0015-0282(98)00137-X]

Casper RF, Yen SS. Neuroendocrinology of menopausal

flushes: an hypothesis of flush mechanism. Clin Endocrinol

(Oxf) 1985; 22: 293-312 [PMID: 3884189]

Bethea CL, Pecins-Thompson M, Schutzer WE, Gundlah C,

Lu ZN. Ovarian steroids and serotonin neural function. Mol

Neurobiol 1998; 18: 87-123 [PMID: 10065876 DOI: 10.1007/

BF02914268]

Blum I, Vered Y, Lifshitz A, Harel D, Blum M, Nordenberg

Y, Harsat A, Sulkes ], Gabbay U, Graff E. The effect of estro-

10

11

12

13

14

15

16

17

18

19

20

November 10, 2013 | Volume 2 | Issue 4 |



21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Ewies AAA. Folic acid supplementation and hot flushes

gen replacement therapy on plasma serotonin and catechol-
amines of postmenopausal women. Isr | Med Sci 1996; 32:
1158-1162 [PMID: 9007144]

Lippert TH, Filshie M, Miick AO, Seeger H, Zwirner M.
Serotonin metabolite excretion after postmenopausal estra-
diol therapy. Maturitas 1996; 24: 37-41 [PMID: 8794432 DOI:
10.1016/0378-5122(95)00998-1]

Raible M, Kueck B, Alkan S. Red blood cell disorders. In:
McClatchey K, editor. Clinical Laboratory Medicine. Phila-
delphia: Lippincott Williams and Wilkins, 2002: 830-865
Miller AL. The methylation, neurotransmitter, and antioxi-
dant connections between folate and depression. Altern Med
Rev 2008; 13: 216-226 [PMID: 18950248]

Gover P. Biochemical aspects of anaemia. In: Marshall W],
Bangert SK, editors. Clinical Biochemistry Metabolic and
Clinical Aspects. Philadelphia: Churchill Livingstone Else-
vier, 2008: 538-557

IPCS INCHEM. Folic Acid. 2010. Available from: URL:
http://www.inchem.org/documents/pims/pharm/foli-
caci.htm. Accessed on March 28, 2013

Informed Verlags AG. Folic Acid. 1996. Available from:
URL: http:/ /www.infomed.ch/100drugs/foltab.html. Ac-
cessed on March 28, 2013

Drake V]J. Folic Acid: Linus Pauling Institute, Oregon State
University. 2011. Available from: URL: http:/ /Ipi.oregonstate.
edu/infocenter/vitamins/fa/. Accessed on March 28, 2013
Butterworth CE, Tamura T. Folic acid safety and toxicity: a
brief review. Am | Clin Nutr 1989; 50: 353-358 [PMID: 2667316]
Hellstrom L. Lack of toxicity of folic acid given in pharma-
cological doses to healthy volunteers. Lancet 1971; 1: 59-61
[PMID: 4099217 DOI: 10.1016/S0140-6736(71)90780-X]
Eichner ER, Pierce HI, Hillman RS. Folate balance in dietary-
induced megaloblastic anemia. N Engl | Med 1971; 284: 933-938
[PMID: 5551802 DOI: 10.1056/ NEJM197104292841702]
Actavis. Folic Acid. 2012. Available from: URL: http:/ /xpil.
medicines.org.uk/viewpil.aspx?docid=18084. Accessed on
March 28, 2013

Wockhardt. Folic Acid. 2009. Available from: URL: http://
xpil.medicines.org.uk/viewpil.aspx?docid=18738. Accessed
on November 10, 2009

Vollset SE, Clarke R, Lewington S, Ebbing M, Halsey ], Lonn
E, Armitage J, Manson JE, Hankey GJ, Spence JD, Galan P,
Benaa KH, Jamison R, Gaziano JM, Guarino P, Baron JA, Lo-
gan RF, Giovannucci EL, den Heijer M, Ueland PM, Bennett
D, Collins R, Peto R. Effects of folic acid supplementation
on overall and site-specific cancer incidence during the ran-
domised trials: meta-analyses of data on 50,000 individuals.
Lancet 2013; 381: 1029-1036 [PMID: 23352552 DOI: 10.1016/
S0140-6736(12)62001-7]

Bottiglieri T, Laundy M, Crellin R, Toone BK, Carney MW,
Reynolds EH. Homocysteine, folate, methylation, and
monoamine metabolism in depression. | Neurol Neurosurg
Psychiatry 2000; 69: 228-232 [PMID: 10896698 DOI: 10.1136/
jnnp.69.2.228]

Tolmunen T, Voutilainen S, Hintikka J, Rissanen T, Tans-
kanen A, Viinaméki H, Kaplan GA, Salonen JT. Dietary fo-
late and depressive symptoms are associated in middle-aged
Finnish men. ] Nutr 2003; 133: 3233-3236 [PMID: 14519816]
Abou-Saleh MT, Anderson DN, Collins ], Hughes K, Cattell
RJ, Hamon CG, Blair JA. The role of pterins in depression
and the effects of antidepressive therapy. Biol Psychiatry
1995; 38: 458-463 [PMID: 8672606 DOI: 10.1016/0006-3223(94
)00323-U]

Hyndman ME, Verma S, Rosenfeld RJ, Anderson T], Parsons
HG. Interaction of 5-methyltetrahydrofolate and tetrahy-
drobiopterin on endothelial function. Am | Physiol Heart Circ
Physiol 2002; 282: H2167-H2172 [PMID: 12003825]

Botez MI, Young SN, Bachevalier J, Gauthier S. Folate defi-
ciency and decreased brain 5-hydroxytryptamine synthesis
in man and rat. Nature 1979; 278: 182-183 [PMID: 763364

(4 9

TR
JBaishideng®

WJOG | www.wjgnet.com

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

DOI: 10.1038/278182a0]

Manzoor M, Runcie J. Folate-responsive neuropathy: report
of 10 cases. Br Med | 1976; 1: 1176-1178 [PMID: 1268613 DOI:
10.1136/bmj.1.6019.1176]

Lazarou C, Kapsou M. The role of folic acid in prevention and
treatment of depression: an overview of existing evidence
and implications for practice. Complement Ther Clin Pract 2010;
16: 161-166 [PMID: 20621278 DOI: 10.1016/j.ctcp.2010.01.003]
Reynolds EH. Benefits and risks of folic acid to the nervous
system. ] Neurol Neurosurg Psychiatry 2002; 72: 567-571 [PMID:
11971038 DOI: 10.1136/jnnp.72.5.567]

Astorg P, Couthouis A, de Courcy GP, Bertrais S, Arnault N,
Meneton P, Galan P, Hercberg S. Association of folate intake
with the occurrence of depressive episodes in middle-aged
French men and women. Br | Nutr 2008; 100: 183-187 [PMID:
18062830 DOI: 10.1017/S0007114507873612]

Reynolds EH. Folic acid, ageing, depression, and dementia.
BM]J 2002; 324: 1512-1515 [PMID: 12077044 DOI: 10.1136/bmj.
324.7352.1512]

Gilbody S, Lightfoot T, Sheldon T. Is low folate a risk factor
for depression? A meta-analysis and exploration of heteroge-
neity. ] Epidemiol Community Health 2007; 61: 631-637 [PMID:
17568057 DOI: 10.1136/jech.2006.050385]

Alpert JE, Fava M. Nutrition and depression: the role of fo-
late. Nutr Rev 1997; 55: 145-149 [PMID: 9212690 DOI: 10.1111/
§.1753-4887.1997.tb06468.x]

Lerner V, Kanevsky M, Dwolatzky T, Rouach T, Kamin R,
Miodownik C. Vitamin B12 and folate serum levels in newly
admitted psychiatric patients. Clin Nutr 2006; 25: 60-67 [PMID:
16216392 DOI: 10.1016/j.cInu.2005.08.014]

Morris MS, Fava M, Jacques PF, Selhub J, Rosenberg IH.
Depression and folate status in the US Population. Psy-
chother Psychosom 2003; 72: 80-87 [PMID: 12601225 DOI:
10.1159/000068692]

Beydoun MA, Fanelli Kuczmarski MT, Beydoun HA, Shroff
MR, Mason MA, Evans MK, Zonderman AB. The sex-specific
role of plasma folate in mediating the association of dietary
quality with depressive symptoms. | Nutr 2010; 140: 338-347
[PMID: 20032481 DOI: 10.3945/jn.109.113878]

Bottiglieri T. Homocysteine and folate metabolism in de-
pression. Prog Neuropsychopharmacol Biol Psychiatry 2005; 29:
1103-1112 [DOI: 10.1016/j.pnpbp.2005.06.021]

D’Anci KE, Rosenberg IH. Folate and brain function in the
elderly. Curr Opin Clin Nutr Metab Care 2004; 7: 659-664
[PMID: 15534434 DOI: 10.1097/00075197-200411000-00011]
Kamphuis MH, Geerlings MI, Grobbee DE, Kromhout D.
Dietary intake of B(6-9-12) vitamins, serum homocysteine
levels and their association with depressive symptoms: the
Zutphen Elderly Study. Eur | Clin Nutr 2008; 62: 939-945
[PMID: 17538543 DOI: 10.1038/sj.ejcn.1602804]

Ubbink JB, Vermaak W], van der Merwe A, Becker PJ,
Delport R, Potgieter HC. Vitamin requirements for the treat-
ment of hyperhomocysteinemia in humans. | Nutr 1994; 124:
1927-1933 [PMID: 7931701]

Lindeman RD, Romero L], Koehler KM, Liang HC, LaRue
A, Baumgartner RN, Garry PJ. Serum vitamin B12, C and
folate concentrations in the New Mexico elder health survey:
correlations with cognitive and affective functions. | Am Coll
Nutr 2000; 19: 68-76 [PMID: 10682878]

Kim JM, Stewart R, Kim SW, Yang SJ, Shin IS, Yoon JS. Pre-
dictive value of folate, vitamin B12 and homocysteine levels
in late-life depression. Br | Psychiatry 2008; 192: 268-274
[PMID: 18378986 DOI: 10.1192/bjp.bp.107.039511]

Ng TP, Feng L, Niti M, Kua EH, Yap KB. Folate, vitamin B12,
homocysteine, and depressive symptoms in a population sam-
ple of older Chinese adults. | Am Geriatr Soc 2009; 57: 871-876
[PMID: 19484842 DOI: 10.1111/}.1532-5415.2009.02229.x]
Gaweesh SS, Abdel-Gawad MM, Nagaty AM, Ewies AA. Fo-
lic acid supplementation may cure hot flushes in postmeno-
pausal women: a prospective cohort study. Gynecol Endocrinol

November 10, 2013 | Volume 2 | Issue 4 |



57

58

59

60

61

62

63

2010; 26: 658-662 [PMID: 20230331 DOI: 10.3109/09513591003
686288]

Grodnitskaya E, Kurtser MA. Effect of folic acid supplemen-
tation on hot flushes in healthy menopausal women. Climac-
teric 2011; 14: 1369-7137

Gaweesh S, Ewies AA. Folic acid supplementation cures hot
flushes in postmenopausal women. Med Hypotheses 2010; 74:
286-288 [PMID: 19796883 DOI: 10.1016/j.mehy.2009.09.010]
Brocardo PS, Budni ], Kaster MP, Santos AR, Rodrigues AL.
Folic acid administration produces an antidepressant-like effect
in mice: evidence for the involvement of the serotonergic and
noradrenergic systems. Neuropharmacology 2008; 54: 464-473
[PMID: 18078962 DOI: 10.1016/j.neuropharm.2007.10.016]
Lucock MD, Green M, Levene MI. Methylfolate modulates po-
tassium evoked neuro-secretion: evidence for a role at the pter-
idine cofactor level of tyrosine 3-hydroxylase. Neurochem Res
1995; 20: 727-736 [PMID: 7566370 DOI: 10.1007/ BF01705542]
Bottiglieri T, Hyland K, Laundy M, Godfrey P, Carney MW,
Toone BK, Reynolds EH. Folate deficiency, biopterin and
monoamine metabolism in depression. Psychol Med 1992; 22:
871-876 [PMID: 1283223 DOI: 10.1017/50033291700038447]
Botez MI, Young SN, Bachevalier ], Gauthier S. Effect of folic
acid and vitamin B12 deficiencies on 5-hydroxyindoleace-
tic acid in human cerebrospinal fluid. Ann Neurol 1982; 12:
479-484 [PMID: 6185039 DOI: 10.1002/ ana.410120512]
Korevaar WC, Geyer MA, Knapp S, Hsu LL, Mandell AJ. Re-
gional distribution of 5-methyltetrahydrofolic acid in brain.

(4 9

TR
JBaishideng®

WJOG | www.wjgnet.com

93

Ewies AAA. Folic acid supplementation and hot flushes

64

65

66

67

68

Nat New Biol 1973; 245: 244-245 [PMID: 4518367]

Stopien R, Jasniewicz K, Meczekalski B, Warenik-Szy-
mankiewicz A, Lianeri M, Jagodziriski PP. Polymorphic vari-
ants of genes encoding MTHFR, MTR, and MTHFD1 and
the risk of depression in postmenopausal women in Poland.
Maturitas 2008; 61: 252-255 [PMID: 18801628 DOI: 10.1016/
j.maturitas.2008.08.002]

Cohen LS, Soares CN, Vitonis AF, Otto MW, Harlow BL. Risk
for new onset of depression during the menopausal transition:
the Harvard study of moods and cycles. Arch Gen Psychia-
try 2006; 63: 385-390 [PMID: 16585467 DOI: 10.1001/arch-
Ppsyc.63.4.385]

Avis NE, Brambilla D, McKinlay SM, Vass K. A longitudinal
analysis of the association between menopause and de-
pression. Results from the Massachusetts Women’s Health
Study. Ann Epidemiol 1994; 4: 214-220 [PMID: 8055122 DOI:
10.1016/1047-2797(94)90099-X]

Bliimel JE, Castelo-Branco C, Cancelo MJ, Cérdova AT,
Binfa LE, Bonilla HG, Mufioz IG, Vergara VG, Sarra SC. Re-
lationship between psychological complaints and vasomotor
symptoms during climacteric. Maturitas 2004; 49: 205-210
[PMID: 15488348 DOI: 10.1016/j.maturitas.2004.01.011]

Joffe H, Hall JE, Soares CN, Hennen ], Reilly CJ, Carlson K,
Cohen LS. Vasomotor symptoms are associated with depres-
sion in perimenopausal women seeking primary care. Meno-
pause 2002; 9: 392-398 [PMID: 12439097 DOI: 10.1097/000421
92-200211000-00003]

P- Reviewers: Freedman R, Ren AG, Xu XP  S- Editor: Wen LL

L- Editor: A E- Editor: Zheng XM

i

November 10, 2013 | Volume 2 | Issue 4 |



7B
JRnishideng®

Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza,
315-321 Lockhart Road, Wan Chai, Hong Kong, China
Fax: +852-65557188
Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.






