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The potential role of folate metabolism in interstitial cystitis

Carolyn D. Keagy1

Received: 25 May 2018 /Accepted: 14 September 2018 /Published online: 6 October 2018
# The International Urogynecological Association 2018

Abstract
The topic of interstitial cystitis (IC), also known as painful bladder syndrome (PBS), and folate/one carbon metabolism has
previously been unaddressed in research. This narrative review highlights a potential connection for those with mast cell-related
IC and histamine-mediated pain that is explored through four conceptual sections. The first section focuses on the nature of mast
cell involvement and histamine-mediated pain in some interstitial cystitis patients. The second section reviews the literature on
folate status in wider allergic conditions. The third section addresses the role of folate and methylation in general in histamine
excretion. Finally, folate metabolism and vascular function are addressed because of the vascular abnormalities present in some
IC bladders.
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Background

Interstitial cystitis (IC), also known as painful bladder syn-
drome (PBS), is a bladder condition characterized by pain,
urgency, and frequency of urination in the presence of sterile
urine culture. This disease is heterogeneous with treatment
options, including Botox injections of the pelvic floor mus-
cles, pelvic floor physical therapy, antihistamines, mast cell
stabilizers, and heparin. Thus, IC populations likely have mul-
tiple disease etiologies wherein the predominant theories are
myofascial pelvic floor dysfunction, reduction in the glycos-
aminoglycan (GAG) layer of the bladder, and/or mast cell
activity with histamine-mediated pain [1–4]. This paper re-
view addresses the population that positively responds to an-
tihistamine and mast cell stabilizer treatment, and should not
be generalized to the full population of PBS patients that may
have symptoms with other causes. IC has documented asso-
ciations with allergies, irritable bowel syndrome, skin sensi-
tivities, and subsequent implications in stroke and cardiovas-
cular disease [5–7].

Although the predominant manifestation is in the bladder,
it is theorized that it might be a systemic condition [8]. Others

have gone so far as to put forth the idea that IC is a manifes-
tation of a wider allergic disorder owing to its successful treat-
ment with anti-Immunoglobulin E (IgE) medications [9].
Research has found the IC bladders with ulcers have increased
levels of IgE on biopsy [10]. Moreover, the key cell in allergic
histamine-mediated responses, mast cells, have been found to
play an important role in the pathophysiology of IC bladders
[11–19]. This different bladder histology of IC bladders, in
those with Hunner’s lesions and those without, may present
as different clinical subtypes based on the proliferation of mast
cells within different layers of the bladder wall and muscle
[20]. A subset of IC patients present with an increase in acti-
vated mast cells in their bladders, and possibly more generally
as mast cell activation syndrome (MCAS) [21].

Other research on MCAS, a systemic allergic disease, has
highlighted IC as a possible presentation to be considered in
the differential diagnosis because of the common role of mast
cells in both IC and MCAS [22, 23]. Additionally, there is
evidence that the pain present in IC patients is histamine me-
diated—a dominant chemical mediator released during mast
cell degranulation [4]. The key to almost all allergic responses
is the mast cell and it is the key feature that links ICwith wider
allergic states [24]. Thus, there is sufficient research to theo-
rize that in a subset of IC patients, the nature of their disease is
similar to allergy, or an atopic disorder in the bladder with
systemic implications, rather than an isolated pathological
condition of the bladder. This view of IC being a form of
allergic disease then broadens the issue to larger metabolic
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systems that may be implicated in allergy and ultimately IC.
One metabolic system whose allergic status for which there is
a significant amount of research, yet has never been applied to
IC, is folate and methylation via its role in one carbon metab-
olism. The following is a review of how this previous research
is related to folate status, and various allergic states or relevant
disorders, and how it may relate to the plight of IC patients.
Additionally, owing to the vascular involvement found in IC,
folate is also reviewed with regard to histamine and homocys-
teine levels, which have implications for cardiovascular dis-
ease. These links, and the role of folate and methylation in IC,
have been previously unexplored by the scientific community;
therefore, this article aims to highlight the gap in the research
so that fruitful research can begin in this area.

Allergy and folate status in gestational
and nongestational studies

Allergic disorders have been widely examined for links to
aberrant folate status with conflicting results (Table 1). In an
effort at the transparency of both negative and positive find-
ings, the below reviews significant results for both sides of an
inconclusive yet suggestive field on the relationship of allergic
states with folate metabolism. Although some may only be
familiar with the relationship between folate and neural tube
defects, explicit investigations of the role of folate in allergic
states in situ started in 2006, wherein impaired folate correlat-
ed positively with atopic states [25]. The question of folate
and atopic states, namely asthma, was extended to gestational
states in 2009 [26, 27]. Since then, there have been many
studies with discrepant results. The discrepancies in results
are likely methodological owing to the small sample sizes,
analytical measurement issues of serum folate vs red blood
cell folate (RBC folate or intracellular folate), estimation of
dietary folate, folate supplementation, and genotypic variation
of folate-related genes, namely C667T on the methylenetetra-
hydrofolate reductase (MTHFR) gene [28]. This gene codes
for an enzyme that catalyzes the reaction to converting food
folate or folic acid, by way of 5,10-methylenetetrahydrofolate,
to the biologically active 5-methyltetrahydrofolate. This form
of folate, with the assistance of b12, is then involved in the
conversion of homocysteine to methionine. Finally, methio-
nine metabolism produces s-adenosylmethionine, which is a
methyl donor for histamine ring N-methylation, and the ulti-
mate excretion of histamine (Fig. 1) [29, 30]. Studies of folate
status in atopy, asthma, and allergic expression can be broadly
grouped into those that measure folate in the gestational envi-
ronment, and those that measure the folate status of patients
experiencing various forms of allergy.

Most of the gestational folate supplementation research has
assessed whether folic acid has been implicated in the later
development of allergic states. For this review, preference has

been given to meta-analysis rather than individual studies ow-
ing to their pooled results of multiple smaller studies. A recent
(2013) meta-analysis of eight electronic databases for articles
on gestational folate status showed through pooled risk anal-
ysis that there was no link between maternal folic acid sup-
plementation during the first trimester of gestation, and sub-
sequent asthma in offspring [31]. This study is notable be-
cause of its focus on folate in both food reported via diary
and in supplement form, in addition to the time of exposure
limited to periconception through the first trimester. This is
corroborated by another study in (2014) that provided a sys-
temic review, but highlighted that the effect on asthma occurs
in the early years of youth and is transient when there is an
effect. This study was not able to assess for genetic variant
status as only two studies to date have had that data with
limited effects, and dismissed it as a concern owing to
Mendelian randomization of samples within those studies
[32]. Another recent (2015) meta-analysis of previously pub-
lished work showed that there may be a link between maternal
folic acid supplementation and later development of asthma
and other allergic disease, but only in those who were homo-
zygous for the T variant on the C667T single-nucleotide poly-
morphism ofMTHFR, a concern that was not addressed in the
previous meta-analysis. A significant limitation of this meta-
analysis is that it did not specifically address dietary sources of
folate, and only looked at supplementation, thus missing total
folate consumption in its myriad forms [33].

Another additional major feature of these studies is that
there is no consistent measurement of serum folate vs RBC
folate in participants, which is a particular concern for the
highlighted variants of C667T that may have folate in their
plasma that is not being adequately transported intracellularly.
One study reports that increased intracellular folate levels in
pregnancy, particularly during the third trimester, had an in-
verse relationship with the development of asthma in offspring
by the age of 6 or 7—the age when asthma diagnosis stabilizes
from a transient wheeze in early childhood [34]. The distinc-
tion between folate found intracellularly in RBC readings or
serum is possibly the biggest methodological divide in these
studies. This is illustrated by a new shift to examine unmetab-
olized folic acid and its impact on offspring. Specifically, un-
metabolized folic acid in fetal cord blood at birth, rather than
total folate or 5-methyltetrahydrofolate in the cord blood, was
associated with later food allergies [35].

Most of these studies have focused on serum folate status.
One meta-analysis in 2014 of high folic acid doses did not
show a general impact of folic acid on asthma, but that the
high doses of folic acid in gestation correlated with later asth-
ma development and low doses were protective of later asth-
ma development [36, 37]. Thus, part of the design flaw of
these studies is that they do not parse out effects by level of
total folate consumption, the types of folate, and the gene
status that may not be metabolizing folic acid. One review
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by Blatter et al. in 2014 concluded that the research to date
does not support an adjustment to the current folic acid

recommendations, whereas there may be a weak effect of
gestational folic acid use on gestational allergy outcomes

Table 1 Primary findings of previous allergy and folate status literature

Publication Sample size Measurement Primary findings

Crider et al. [31] 5 articles Folic acid use yes/no comparison No association in periconceptional folic acid
exposure and asthma/wheeze

Brown et al. [33] 10 studies N/A—varies by study Majority of studies do not show a folate and
asthma link in gestation, but there is some
evidence of a dose-dependent response

Wang et al. [33] 26 studies Reported maternal folic acid use,
objective measure, or gene
polymorphism

Maternal folic acid supplementation during
early pregnancy may increase the risk of
wheeze in early childhood and MTHFR
C677T TT polymorphism may be confer a
high risk of asthma development

Magdelijns et al. [34] 2,834 women Questionnaire and intracellular
folate blood measurement at
the end of the third trimester

ICF correlated inversely with asthma at 6 or
7 years of age in offspring. No association in
the gestational use of folic acid and the
development of asthma or allergic disease

McGowan et al. [35] 1,394 children; 502
cord blood; 362 early
childhood folate
readings

Cord blood and later childhood
blood measurement of total
folate, unmetabolized folic
acid, and 5-MTHF.

Higher levels of unmetabolized folic acid at birth
were associated with the development of food
allergy. Mean total folate levels at birth were
lower among those who developed food allergy.
No associations with early life folates of any
type and food allergy

Yang et al. [36] 150 infant asthma
cases, 212 controls,
meta-analysis of
14,438 subjects

Supplementation dose High dose of maternal folic acid supplementation
increases the risk of infant asthma. Low dose of
maternal folic acid supplementation has a
protective effect on infant asthma

Zetstra-van der
Woude et al. [37]

913 pregnancies Supplementation dose, and
asthma medication dispensed
to children

High-dose folic acid exposure was associated
with increased occurrence of asthma in children

Blatter et al. [38] N/A N/A—varies by study Possible weak to moderate effect of folate on
asthma, but the authors do not see a strong
enough relationship to modify current
recommendations

Blatter et al. [39] 582 Puerto Rican
children aged
6 to 14 years

Skin prick test, serum folate,
and plasma vitamin D

Positive relationship between folate deficiency and
increased degree of atopy and severe asthma;
exacerbated by vitamin D status

Montrose et al. [40] 32 Montana children Dietary questionnaire, spirometry,
quality of life assessment,
and DNA

Methyl donor status, e.g., folate and B vitamins
involved in methylation, may have an impact on
genes related to asthma

Husemoen et al. [25] 1,671 Danish participants,
aged 30–60 years

MTHFR C677T genotype, plasma
total homocysteine, and dietary
intake

C667T individuals have a higher rate of allergic
expression, and this interacts with dietary intake
of methionine, folates, B12, B6, and B2.
Homocysteine had no relationship

Thuesen et al. [41] 6,784 Danish participants
aged 30–60 years. Follow
up of 4,516 five years later

MTHFR C677T genotype,
spirometry, serum folate and B12,
IgE, and dietary questionnaire

Low serum folate levels and the TT genotype of the
MTHFR C677T polymorphism were associated
with increased prevalence of self-reported
doctor-diagnosed asthma, but not atopy or lung
function

Matsui and Matsui [42] 8,083 US subjects aged
2+ years.

Serum folate and IgE Inverse association of serum folate levels with total
IgE levels. IgE levels decreased across quartiles
indicating a dose–response relationship of IgE,
atopy, wheeze, and asthma with serum folate

Farres et al. [43] 180 Egyptians Skin prick test, spirometry, serum
folate, and total IgE levels

Serum folate is lower in the atopic asthma population
than non-atopic asthma and control populations.
Folate correlates inversely with degree of atopy

MTHFR methylenetetrahydrofolate
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[38]. Thus, folate may have an impact on the gestational state
with regard to total dose and whether it has been metabolized,
as the above results have been conflicting because of the over-
ly general design for large populations without accounting for
metabolic nuance.

In nongestational investigations of allergy and folate, there
have been several recent publications of note. A relatively large
cross-sectional examination of asthma and folate deficiency
showed that among Puerto Rican children (n= 582) folate defi-
ciency correlated with increased degree of atopy and severe asth-
ma. Additionally, when folate deficiency was compounded by
vitamin D deficiency, there was an eight-fold increase in allergic
expression [39]. Another study, with a much smaller sample,
found that in child asthmatics (n = 32) a diet rich in methyl do-
nors, specifically folate, phosphocholine, and betaine, reported
significantly higher quality of life metrics regarding their diagno-
sis than those with low methyl donor diets [40]. The report also
found increased methylation of the IFNγ CpG sites, genetic
markers involved in the immune response of asthmatics, with
higher methyl donor diets. Regretfully, neither of these studies
directly investigated the role of MTHFR, particularly the TT
genotype, which is a key gene in folate/one-carbon metabolism.
Other researchers have suspected the involvement of this gene,
and in a large adult population (n = 1,671) the presence of atopy,
as identified by IgE, was examined with regard to MTHFR
C667T status, dietary folate intake, and homocysteine levels.

The authors found that the homozygous C667T polymorphism
was significantly associated with atopy, and that impaired folate
metabolism is causally related to the development of atopy, yet
homocysteine was not significantly different across groups, sug-
gesting its lack of involvement in atopy. Despite the promising
results of this study, it failed to assess supplement intake of par-
ticipants [25]. Subsequent research has confirmed that the
MTHFR C667T TT polymorphism confers an increased risk
for asthma, although it found that this did not hold true for lung
function, or atopy [41]. In one of the largest cross-sectional stud-
ies (n = 8,083) Matsui and Matsui reported that higher serum
folate was inversely correlated with IgE levels and atopic expres-
sion [42]. Although this study did not account for MTHFR sta-
tus, they did assess their results across racial populations and
socio-economic status, which were both influential in serum fo-
late levels. In a smaller sample than that of Matsui and Matsui,
Farres et al. corroborated this relationship (n = 60), wherein an
inverse relationship between serum folate and IgE levels existed
among a population of Egyptian asthmatics [43]. Thus, some of
the conflicting results regarding the role of folate in allergic ex-
pression may reflect a difference in baseline folate due to race
and class population variation, genotype, in addition to measure-
ment differences. Despite these issues there is enough evidence
to suspect the role of folate metabolism in allergic disorders
in vivo. Hence, it is possible that folate status plays a role in
the pathogenesis and expression of IC patients who have a wider
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Fig. 1 Folate and histamine metabolism. Adapted from Sharp and Little [29] and Maintz and Novak [30]
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allergic profile or respond positively to antihistamines and/or
Elmiron in the treatment of their IC symptoms.

Histamine, folate, and associated methyl
donors

Generally, much of the previous research has focused on se-
rum or RBC folate status, rather than on one carbon metabo-
lism that is widespread physiologically. The effect of folate
and associated B vitamins in one carbon metabolism is likely
multifaceted, affecting the methylation of CpG sites, cellular
development, and other methylation activities. Specifically,
metabolizing histamine via enzymatic methylation results in
a decreased reactive burden of allergic and pseudo-allergic
patients. It is important to note that not all atopic expression
is IgE-mediated and can be the result of increased histamine
due to impaired excretion via diamine oxidase enzyme (DAO)
and methylation—this is the clinical difference between true
allergy and pseudo-allergy, which present in a similar manner.
Specifically, ring N-methylation via the histamine N-
methyltransferase (HNMT) enzyme is one of the principle
mechanisms of mammalian metabolism of histamine, which
is then excreted in urine [44–46]. A downstream effect of
folate’s regulation of homocysteine and conversion to methi-
onine is the later donation of a methyl group from s-
adenosylmethionine to HNMT for enzymatic activity [47,
48]. Some antifolate medications for chemotherapy have been
documented to inhibit HNMT activity and increase ambient
histamine levels [49]. Although methyl groups are required
for the excretion of histamine, they are also involved in the
methylation of phospholipids, which results in a subsequent
histamine release from mast cells [50]. Hence, methyl groups
are widespread in their effect, and could both increase and
decrease histamine levels in patients. The increase appears to
be mediated by Ca2+ levels, wherein if there is an absence of
Ca2+, then the methylation of phospholipids does not result in
a histamine increase [51]. The donation of a methyl group can
come from any number of B vitamins (e.g., betaine, folate,
and choline), which has implications in the methylation of
CpG sites, and histamine metabolism [52]. The secondary
path through which histamine is metabolized is through di-
amine oxidase enzyme (DAO), which predominantly affects
dietary histamine that has a similar system-wide effect to en-
dogenous histamine sources from histidine [53]. This may be
particularly salient in the management of allergic conditions,
such as spontaneous urticaria, that can be a form of histamine
intolerance due to additional histamine input in the diet [54].
Hence, increasing methyl donors, while limiting histamine
ingestion, may have additional implications in the expression
of allergic disease, beyond the more obvious role of folate and
instead looking at its larger role as a methyl donor in one
carbon metabolism.

Folate and vascular dysfunction

A documented feature of IC is vascular dysfunction within the
surface of the bladder [55].This appears tomanifest as reduced
microvascular density, increased vascular endothelial growth
factor (VEGF), and increased endothelial apoptosis.
Treatment with 100-U onabotulinumtoxinA injections
showed a reduction in VEGF, symptoms, mast cell activity,
and apoptosis [56]. Others have documented reduced micro-
vascular density in the suburothelium of women with IC blad-
ders [57]. Yet, contrary to other work, the authors did not find
any difference in endothelial cellular proliferation from regu-
lar bladders. Further research that was limited to those with
pain as the primary presentation of IC showed a documented
increase in endothelial apoptosis, as marked by Annexin V
binding to phosphatidylserine, and TUNEL staining showed
microvascular endothelial apoptosis, but not in the venule
[58]. Thus, one perspective of the pathophysiology of IC is
its vascular origins marked by increased VEGF, increased
apoptosis, and less vascular density. In broader vascular terms,
the aforementioned comorbidity with cardiovascular diseases
such as ischemic stroke and coronary artery disease suggest a
wider vascular syndrome [5, 6].

This may be an interaction with global inflammatory me-
diators of mast cells, e.g., heparin and histamine, or vascular
toxic agents such as homocysteine. To our knowledge, no
research has been done to date on homocysteine in any IC
population, and pairs with concerns regarding folate due to
the role of B vitamins in regulating homocysteine levels.
Most importantly, VEGF expression is increased in the pres-
ence of ambient homocysteine, as investigated in the case of
diabetic retinopathy, and in cellular investigations of THP-1
macrophages [59, 60]. The relationship of homocysteine with
VEGF expression is the most direct possible mechanism of
folate metabolism on the vascular nature of IC. If homocyste-
ine is elevated because of an impaired folate metabolism, the
resulting elevation in VEGFwould match the vascular presen-
tation of IC bladders. Homocysteine is documented to have
other cardiovascular effects as well. Homocysteine at elevated
levels is experimentally documented to remodel the myocar-
dium via fibrosis and by having an impact on endothelial
function [61]. In rats with methionine-induced hyperhomo-
cysteinemia, there was an associated increase in mast cells in
the heart in addition to cardiac remodeling [62]. This increase
in mast cells appears to be somewhat protective, as other re-
search has shown that whenmast cell proliferation is hindered,
the effects of homocysteine are worse than those with normal
mast cell responses [63]. To date, these studies have only been
investigated the heart; however, it is possible that other organs
may have a similar response to homocysteine that has yet to be
researched. Other cardiovascular implicated diagnoses, e.g.,
stroke, already recognize the importance of B vitamins in
the regulation of homocysteine and subsequent endothelial

Int Urogynecol J (2019) 30:363–370 367



dysfunction [64]. Additionally, the role of folate and methyl
groups in the regulation of homocysteine also has potential
cardiovascular effects vis-a-̇vis the direct impact on histamine
levels. High serum histamine is correlated with both coronary
artery disease and ischemic stroke [65, 66]. Thus, B vitamins,
particularly folate, may have multi-vector effects on cardio-
vascular disease via homocysteine, and/or the modulation of
histamine levels withmethylation, that are mast cell-mediated.
It is reasonable to postulate that other diseases with strong
cardiovascular profiles might benefit from B vitamins to re-
duce homocysteine, maintain endothelial function, and possi-
bly regulate mast cell activity system-wide.

Discussion

Although it may be an oversimplification, it is undeniably true
that folate has many complex functions in the human body,
from its role in cell development, to IgE status, to functioning
as a methyl donor, and regulating homocysteine. Some may
claim that there is no reason to further research it; however,
one core conclusion of this review is that previous studies
have had major issues with the measurement of folate status
(RBC versus serum), form (folic acid versus total folate versus
5-methyltetrahydrofolate), intake measurement (diet and sup-
plements), race and class considerations, and newfound genet-
ic variants. Most of the previous research was done before the
accessibility of genetic variant status and has presented issues
for current research because of funding and sample sizes.
Additionally, though not reviewed here, there is promising
research in other disease statuses, namely autism, regarding
auto-immune disease and folate receptor antibodies [67, 68].
This review does not discuss this topic, as autism is not a
known comorbidity for IC, but there may be similar concerns
that antibodies might be a factor in why folate is not metabo-
lized and one carbon metabolism is hindered. In the future,
there needs to be folate research that focuses on the wider role
of one carbon metabolism that has system-wide effects and
examination of other key genetic markers in both phospholip-
id and histamine methylation that would have an impact on
allergic expression downstream. Most importantly, folate sta-
tus and methyl donors need to be researched in the pathogen-
esis of histamine-sensitive IC looking at multiple factors in
one study: IgE status, RBC folate, unmetabolized folate, ho-
mocysteine, VEGF, and mast cell proliferation in the bladder.
Similarly, this future research needs to be conscientious of
previous design flaws around subtypes of IC with different
functional etiologies, comorbid conditions (e.g., allergies), in-
dividual folate and histamine metabolism genetic variant sta-
tus, diet, and measurement of folate. The review of existing
literature suggests that folate and one carbon metabolism
might have implications for the management and

pathogenesis of mast cell-related IC, but this still needs to be
tested and validated through further research.
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