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Abstract

Background/Objectives: Diamine oxidase (DAO) deficiency can lead to excessive histamine
absorption at the intestinal level, triggering symptoms that affect the gastrointestinal,
neurological, dermatological, respiratory, circulatory, and musculoskeletal systems. This
condition, known as histamine intolerance, is more prevalent in women. While serum
DAO levels have been observed to increase during pregnancy in healthy women, there is
a lack of in-depth studies evaluating the relationship between pregnancy, DAO activity,
and histamine intolerance symptoms. This is the first study to assess serum DAO activity
before, during, and after pregnancy, as well as the evolution of histamine intolerance
symptoms in women diagnosed with this condition. Due to low histamine, diets are quite
restrictive, no dietary intervention was considered for pregnant women. Methods: This
prospective observational study used an assessment questionnaire to evaluate the presence
or absence of histamine-related symptoms in 30 adult women with histamine intolerance
before, during, and after pregnancy. Serum DAO activity was also measured at the three
time points. Results: Nearly all women (27 out of 30) experienced symptom improvement
during pregnancy (p < 0.001). Specifically, at least 77% of women reported a marked
reduction in flatulence, bloating, headache, rhinorrhea, flushing, pruritus, hypotonia, or
muscle pain. Concurrently, the DAO activity significantly increased 11-fold from the
baseline, coinciding with symptom relief. At two months postpartum, symptoms tended
to reappear, accompanied by a significant decrease in DAO activity in all participants.
Conclusions: This first-of-its-kind observational study demonstrates an improvement in
histamine intolerance symptoms and an increase in serum DAO activity during pregnancy.
The pronounced symptom relief suggests that restrictive diets, such as low-histamine diets,
may not be necessary during pregnancy. Further research is required to confirm these
novel findings.

Keywords: histamine intolerance; diamine oxidase (DAO) enzyme; DAO deficiency;
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1. Introduction
Diamine oxidase (DAO) is an enzyme responsible for metabolizing dietary histamine

in the gut and potentially histamine produced by the intestinal microbiota [1–3]. Conse-
quently, individuals with DAO deficiency may absorb excessive amounts of histamine
at the intestinal level, leading to its accumulation in the bloodstream and the onset of a
wide range of symptoms. This condition, known as histamine intolerance, is notably more
prevalent among women, particularly those who are middle-aged [1,4].

DAO deficiency can be genetic or acquired [4]. Several single-nucleotide polymor-
phisms (SNPs) in the DAO-encoding gene (AOC1), located on chromosome 7 (7q36.1), have
been associated with reduced DAO activity, particularly variants rs10156191, rs1049742,
rs1049793, and rs2052129 [5]. Research indicates that the degree of alteration (i.e., whether
the variants are in a heterozygous or homozygous state) is more significant than the pres-
ence of one or more altered variants [5–7]. Furthermore, Duelo et al. (2024) reported that
patients carrying TT alleles of the rs2052129 variant, located in the gene promoter region,
showed significantly lower serum DAO activity [5].

In addition to genetic factors, DAO deficiency can result from inflammatory conditions
or impaired intestinal function, which may restrict DAO secretion. It can also be induced
by certain drugs known to inhibit DAO activity, including commonly used medications
such as acetylcysteine, clavulanic acid, metoclopramide, and verapamil [4]. In addition to
these etiological factors, intestinal dysbiosis has been proposed as a potential contributor
to DAO deficiency. Although research in this area remains limited, studies suggest that
alterations in gut microbiota composition may reduce DAO activity or that an overabun-
dance of histamine-secreting bacteria could lead to histamine accumulation in the gut [3].
Understanding the role of gut microbiota in histamine intolerance remains a key challenge
in this field of research.

Histamine accumulation in the plasma can trigger symptoms across multiple organs
and systems owing to the widespread distribution of histamine receptors throughout the
body [4]. While gastrointestinal symptoms such as bloating and constipation are the most
common, other frequently observed manifestations affect the skin, as well as the neurolog-
ical, respiratory, circulatory, and musculoskeletal systems [5]. Notably, individuals with
histamine intolerance often experience two or more concurrent symptoms in response to
dietary intake of histamine. This multi-system involvement makes diagnosis and treatment
particularly challenging.

Currently, the only evidence-based strategy for alleviating or preventing symptoms is
adherence to a low-histamine diet, often supplemented with exogenous DAO to enhance
histamine breakdown at the intestinal level [8–16]. However, while this dietary approach
can improve symptoms, it does not appear to influence serum DAO activity [17]. Interest-
ingly, some studies have reported an increase in DAO activity during pregnancy [18–23].
It has been suggested that the placenta enhances DAO production, acting as a metabolic
barrier to prevent excessive histamine from entering the fetal-maternal circulation [24].
High levels of histamine in pregnant women have been linked to adverse outcomes, likely
due to its vasoactive properties. Thus, maintaining a balance between histamine and DAO
is crucial for a healthy pregnancy [21,23,24].

Serum DAO levels have been shown to increase during pregnancy, starting around
the 12th week of gestation in healthy women [19,20,22,23]. However, in-depth research on
the relationship between pregnancy, DAO activity, and symptoms of histamine intolerance
remains limited. To address this gap, this study is the first to assess serum DAO activity
before, during, and after pregnancy in women diagnosed with histamine intolerance while
tracking the evolution of their symptoms. No dietary intervention was conducted during
the study period, allowing the assessment to focus solely on the progression of DAO
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activity and changes in symptoms. Additionally, four genetic variants associated with
DAO deficiency were identified in this cohort.

2. Materials and Methods
2.1. Participants and Study Design

An observational study was conducted with 30 women who presented with symptoms
of histamine intolerance, recruited from a broader ongoing clinical trial. These women
became pregnant between the eligibility assessment visit and the baseline visit (just be-
fore beginning the intervention) and thus left the main trial. They were then derived
to a specialized center for dietary management of this condition (International Institute
of DAO Deficiency—IDAO, Barcelona, Spain) to participate in this pregnancy-focused
sub-study during 2022–2024. Participants with diagnosed allergies and/or those taking
DAO-inhibitory drugs were excluded from the study.

Symptomatology and serum DAO activity were collected at three time points: be-
fore pregnancy, at 12–14 weeks of gestation, and two months postpartum. Data during
pregnancy were collected between 12 and 14 weeks of gestation based on the limited litera-
ture [18–23]. Additionally, the prevalence of AOC1 gene polymorphisms associated with
DAO deficiency was assessed in this cohort. Four participants experienced miscarriages;
therefore, no postpartum data were available for these cases.

All participants received detailed information about the purpose and procedures of
the study and provided written informed consent for the use of their recorded data in
this prospective study. This study was conducted in accordance with the Declaration
of Helsinki of 1975. The broad clinical trial was approved by the Bioethics and Clinical
Research Committee of the Hospital Clinic de Barcelona on 2 June 2022 (HCB/2022/0437),
and this pregnancy-focused sub-study was approved by the Bioethics Committee of the
University of Barcelona (IRB00003099) on 10 October 2024.

2.2. Recording Symptoms Associated with Histamine Intolerance

The type and frequency of symptoms in each participant were recorded by trained
registered dietitians specializing in DAO deficiency at the IDAO through the administra-
tion of a prospective real-time questionnaire during each patient appointment. This tool
qualitatively evaluated the presence or absence of 21 symptoms associated with histamine
intolerance at three time points: before pregnancy, at 12–14 weeks of gestation, and two
months postpartum. The symptoms recorded are presented in Table 1.

Table 1. Clinical baseline information of the participants of the study. Data are presented as
mean ± standard deviation and (minimum–maximum).

Age
(Year) BMI * Serum DAO Activity

(U/mL) Medical History

34.47 ± 4.84
(24–45)

20.51 ± 2.34
(17.40–26.20)

7.69 ± 5.20
(2.17–26.60)

27 patients did not present a
relevant medical history
1 patient presented with
insulin resistance #
2 patients presented with
hypothyroidism #

* BMI: Body Mass Index. # To date, no recognized association has been reported between these two conditions
and histamine intolerance.

2.3. Determination of Serum DAO Activity

Serum DAO activity was analyzed using a radioextraction assay (DAO-REA (3H),
Immundiagnostik AG, Bensheim, Germany) at the Echevarne Laboratory (Barcelona, Spain).
This method measures the reaction product using radiolabeled putrescine dihydrochloride
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as a substrate. Radioactivity was quantified using a beta counter, with the signal directly
proportional to the DAO activity in the sample. According to the parameters established by
the Echevarne Laboratory, values below 12.54 U/mL were considered indicative of DAO
deficiency. One U (unit) corresponds to the DAO activity required to degrade 1 µmol/mL
of substrate per minute [9].

2.4. Identification of SNPs in the DAO-Encoding Gene (AOC1)

In this study, four SNPs (rs10156191, rs1049742, rs1049793, and rs2052129) were ana-
lyzed due to their reported association with DAO deficiency in Caucasian
populations [5–7,25,26]. Briefly, genotyping of these DAO-encoding gene variants was
performed using multiplex polymerase chain reaction (PCR) on the buffy coat fraction of
blood samples obtained after centrifugation of blood collected in EDTA vacutainers. Real-
time PCR was conducted using Open CFXTM Manager software, version 3.1 (Bio-Rad®,
Barcelona, Spain). The analysis was performed at Echevarne Laboratory (Barcelona, Spain).

2.5. Statistical Analysis

Statistical analyses were performed using SPSS Statistics 27.0 statistical software
package (IBM Corporation, Armonk, NY, USA). Changes in the frequency of clinical
manifestations during pregnancy were assessed using McNemar’s test. A paired-samples
t-test was conducted to compare the mean number of symptoms at different time points.
Pearson’s correlation was used to evaluate the relationship between DAO activity and the
number of symptoms. Additionally, Friedman and Wilcoxon tests were used to assess
changes in DAO activity during pregnancy. The association between AOC1 gene variants
and basal serum DAO values was analyzed using the Kruskal−Wallis test. Normality was
assessed using Q-Q plots and the Shapiro−Wilk test. A p-value < 0.05 was considered
statistically significant.

3. Results
3.1. Symptoms and DAO Activity in Participants Before Pregnancy

The baseline characteristics of the participants are shown in Table 1, including age,
body mass index (BMI), DAO activity, and relevant clinical history. These data were
presented to provide a descriptive overview of the demographic and clinical variables at
the beginning of the study.

Symptomatology data collected from participants before pregnancy by registered
dietitians using a specific questionnaire are presented in Table 2. On average, participants
reported 6.9 ± 2.1 symptoms per individual, with 97% experiencing clinical manifestations
in three or more organs or systems simultaneously. The gastrointestinal tract was the most
commonly affected system, with 90% of participants reporting symptoms such as bloating,
constipation, and flatulence. A significant proportion of patients also experienced diarrhea,
reflux, and postprandial fullness. Neurological symptoms were highly prevalent, affecting
80% of the participants, with headache being the most frequently reported symptom,
followed by migraine episodes. In the musculoskeletal domain, fatigue and muscle pain
were the most common complaints among the participants. Dermatological symptoms,
such as pruritus and flushing, were also frequently reported. Additionally, 43% of the
participants experienced rhinorrhea and hypotension. No cases of asthma or tachycardia
were observed (Table 2).

Serum DAO activity levels in patients prior to pregnancy ranged from 2.37 to 26.6 U/mL,
with a mean value of 7.69± 5.2 U/mL. Notably, 87% of the women exhibited DAO levels below
12.54 U/mL, the threshold indicative of DAO deficiency according to this biomarker, suggest-
ing impaired DAO enzymatic function in most of the cohort. Only four women had DAO
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levels above this threshold; however, they still reported a high number of histamine-related
symptoms, even exceeding the mean of seven symptoms observed in the study population.

Table 2. The frequency of symptoms associated with histamine intolerance recorded for all partici-
pants before, during (12–14 weeks), and two months after pregnancy.

Systems and
Symptoms

Frequency (%) *
p-Value and Percentage (%) of Reduction (↓) or

Increase (↑) of Women with Histamine Intolerance
Symptoms

Pre-Pregnancy
(A)

Pregnancy
(B)

After-Pregnancy
(C) B vs. A C vs. A C vs. B

Gastrointestinal
tract 90 46 54 0.001 (49% ↓) 0.002 (40% ↓) 0.564 (17% ↑)

Bloating 77 8 31 <0.001 (90% ↓) <0.001 (60% ↓) 0.1 (287% ↑)
Constipation 43 27 19 0.077 (37% ↓) 0.013 (56% ↓) 0.480 (30% ↓)
Diarrhea 23 0 15 0.014 (100% ↓) 0.414 (35% ↓) 0.102 (-)
Flatulence 43 4 19 <0.001 (91% ↓) 0.017 (56% ↓) 0.174 (375% ↑)
Vomiting 7 11 0 0.480 (57% ↑) 0.157 (100% ↓) 0.034 (100% ↓)
Reflux 23 4 0 0.046 (83% ↓) 0.012 (100% ↓) 0.617 (100% ↓)
Postprandial
fullness 23 8 4 0.041 (65% ↓) 0.041 (83% ↓) 0.683 (50% ↓)

Respiratory
System 47 8 15 0.001 (83% ↓) 0.013 (68% ↓) 0.480 (88% ↑)

Rhinorrhea 43 8 15 0.003 (82% ↓) 0.027 (65% ↓) 0.460 (88% ↑)
Sneezing 10 4 4 0.540 (60% ↓) 0.540 (60% ↓) 1 (-)
Asthma 0 0 0 - - -
Skin 63 15 38 <0.001 (76% ↓) 0.014 (40% ↓) 0.066 (153% ↑)
Pruritus 47 11 23 <0.001 (77% ↓) 0.007 (51% ↓) 0.245 (109% ↑)
Flushing 40 4 19 <0.001 (90% ↓) 0.042 (53% ↓) 0.174 (375% ↑)
Eczema 7 0 8 0.221 (100% ↓) 1 (14% ↑) 0.221 (-)
Neurological
system 80 15 54 <0.001 (81% ↓) 0.055 (32% ↓) 0.006 (260% ↑)

Migraine # 37 4 27 0.002 (89% ↓) 0.308 (27% ↓) 0.042 (575% ↑)
Headache 53 8 27 <0.001 (85% ↓) 0.038 (49% ↓) 0.137 (237% ↑)
Lack of
concentration 7 4 0 0.480 (43% ↓) 0.157 (100% ↓) 0.480 (100% ↓)

Circulatory
system 50 4 11 <0.001 (92% ↓) 0.003 (78% ↓) 0.460 (175% ↑)

Hypotonia 43 0 11 <0.001 (100% ↓) 0.014 (74% ↓) 0.221 (-)
Tachycardia 0 4 0 0.221 (-) 1 (-) 0.221 (100% ↓)
Dizziness 17 0 4 0.014 (100% ↓) 0.066 (76% ↓) 0.540 (-)
Musculoskeletal
system 77 19 54 <0.001 (75% ↓) 0.137 (30% ↓) 0.008 (184% ↑)

Fatigue 63 19 38 0.002 (70% ↓) 0.126 (40% ↓) 0.126 (100% ↑)
Muscle pain 37 4 11 0.002 (89% ↓) 0.020 (70% ↓) 0.439 (175% ↑)

* The frequency (%) refers to the number of participants with these symptoms. # Patients with migraine were
diagnosed by their respective neurologists. p < 0.05, marked in bold type, according to McNemar’s tests.

3.2. DAO-Encoding Gene Variants in Participants

Regarding the four specific AOC1 gene polymorphisms associated with reduced DAO
activity, 25 women (83% of the cohort) carried one or more altered SNPs. The frequency of
each genotype and the corresponding allele frequencies for the SNP variants are detailed in
Table 3. The genotyping data were in Hardy–Weinberg equilibrium, with allele frequencies
consistent with those expected for the European population across wild-type, heterozygous,
and homozygous individuals [27]. In this cohort, the rs10156191 variant was the most
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prevalent (65%), followed closely by rs1049793 (59%) and rs2052129 (52%) variants. When
evaluating the allelic variant states (heterozygous or homozygous), heterozygous genotypes
were more frequently observed.

Table 3. DAO (AOC1) genotypes of women and pre-pregnancy serum DAO activity (mean ± SD)
stratified by genotype groups.

SNP Genotype Patients
(n = 30)

Patients
(%)

DAO Activity
(U/mL) Mean (SD) p-Value

7.69 (5.2)

rs10156191
C/C # 10 33.3 9.01 (6.82) CC vs. CT 0.666
C/T 16 53.3 7.65 (4.38) CC vs. TT 0.088
T/T 4 13.3 4.49 (2.19) CT vs. TT 0.136

rs1049742
C/C # 26 86.7 7.98 (6.35)
C/T 4 13.3 5.77 (2.35) CC vs. CT 0.746
T/T 0 0 -

rs1049793
C/C # 12 40 9.58 (4.48) CC vs. CG 0.021
C/G 15 50 6.44 (5.89) CC vs. GG 0.799
G/G 3 10 6.28 (0.53) CG vs. GG 0.553

rs2052129
G/G # 15 50 7.85 (5.77) GG vs. GT 0.885
G/T 13 43.3 7.79 (4.98) GG vs. TT 0.721
T/T 2 6.6 5.73 (2.87) GT vs. TT 0.778

# The most common allele frequency in the general population [27]. For example, in the rs10156191 gene
variant, “CC vs. CT” refers to the comparison between the mean DAO activity of non-carrier patients and that of
heterozygous carrier patients. Statistical significance was set at p < 0.05, determined using the Kruskal−Wallis test.

This study found no statistically significant correlation between the number of ge-
netic variants and the number or type of symptoms according to the Kruskal−Wallis test
(p > 0.05). Additionally, symptomatology did not appear to depend on the allelic profile
(homozygous or heterozygous).

Among the 25 women carrying at least one of the four AOC1 gene variants, 21 exhibited
DAO deficiency (<12.54 U/mL), as did all five non-carriers. Table 3 also presents the mean
pre-pregnancy serum DAO activity according to genotype. Although DAO activity was
low in all cases, a trend toward even lower activity was observed with a higher degree of
allelic alteration for each SNP variant. However, the distribution of DAO activity values
was statistically similar across genotypes, except for individuals carrying the rs1049793
variant in heterozygosity (CG), who had significantly lower DAO activity than those with
the wild-type genotype (CC) (p = 0.021).

3.3. Symptoms in Participants During and After Pregnancy

Nearly all participants (27 out of 30) reported an improvement in symptoms during
pregnancy, with a statistically significant reduction in the mean number of symptoms per
individual, decreasing from 6.9 ± 2.1 to 1.38 ± 1.39 (p < 0.001) (Figure 1). As shown in
Table 1, there was a marked reduction in the symptoms at the systemic level. Further-
more, the prevalence of most specific symptoms declined, with statistically significant
differences observed in 14 symptoms compared to pre-pregnancy levels (p < 0.05). Gastroin-
testinal symptoms, which were the most frequently reported symptoms before pregnancy,
improved significantly, with 49% of patients no longer experiencing these issues during
gestation. Notably, flatulence and bloating decreased by 91% and 90%, respectively. Neuro-
logical symptoms also improved, with an 85% decrease in headaches in pregnant women.
Additionally, there was a substantial reduction (at least 77%) in the prevalence of symptoms
such as rhinorrhea, flushing, pruritus, hypotonia, and muscle pain. In contrast, only vomit-
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ing and tachycardia showed a slight increase in frequency compared to the pre-pregnancy
period, both of which are commonly associated with pregnancy itself [28].

Figure 1. Serum DAO activity (U/mL) and mean number of symptoms (indicated by pink line) before,
during, and after pregnancy. Serum DAO activity was compared using the Wilcoxon signed-rank
test. Mean values are represented with an × and values statistically considered as outliers (atypical
values) are plotted as circles.

At two months postpartum, some symptoms that had declined during pregnancy
tended to reappear. However, only the increase in migraine frequency was statistically
significant (Table 2). The mean number of clinical manifestations per individual after
pregnancy remained relatively low at 3.11 ± 2.3, although this was twice the mean observed
during pregnancy (p = 0.002). Importantly, in no case did the number of symptoms return
to pre-pregnancy levels within the two months postpartum period. Specifically, symptoms
such as bloating, constipation, flatulence, rhinorrhea, and pruritus remained significantly
lower than those before pregnancy. In contrast, vomiting, reflux, tachycardia, and lack of
concentration, which are symptoms typically associated with pregnancy, did not reappear
in individuals who had experienced them during gestation [29,30]. Data from four women
were unavailable due to pregnancy loss occurring from the second trimester onward.

3.4. DAO Serum Activity in Participants During and After Pregnancy

Figure 1 illustrates the evolution of DAO activity (distribution of participant values)
before, during, and after the pregnancy. A significant increase in DAO activity levels was ob-
served in all women upon becoming pregnant, increasing from a mean of 7.69 ± 5.2 U/mL
before pregnancy to 80.18 ± 26.8 U/mL (p < 0.001). At two months postpartum, the DAO
activity had declined significantly in all women, with a mean value of 15.19 ± 9.7 U/mL
(p < 0.001). However, in most cases, the DAO levels remained higher than the pre-pregnancy
values. Additionally, Figure 1 overlays the evolution of the mean number of symptoms at
the three time points, demonstrating that the increase in DAO activity coincided with a
reduction in symptoms. Conversely, the postpartum decline in DAO activity corresponds
to a mild recurrence of symptoms. Despite this trend, the Pearson correlation coefficients
between changes in DAO activity and symptom evolution were low between pre-pregnancy
and pregnancy (0.181) and between pregnancy and postpartum (−0.148). Interestingly,
the increase in DAO levels during pregnancy was less pronounced in women who expe-
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rienced spontaneous miscarriages, with mean values of 24.13 ± 5.78 U/mL compared to
86.9 ± 19.17 U/mL in the rest of the cohort.

4. Discussion
Some studies, albeit limited and outdated, have investigated serum DAO activity

during pregnancy, primarily focusing on gestational complications associated with elevated
histamine levels [19–23,31]. The present study is the first to assess serum DAO activity in
pregnant women with histamine intolerance before and after childbirth and its relationship
with symptom evolution.

In the current study, the mean number of symptoms reported by women before
pregnancy was approximately 7, which is slightly lower than the 8 to 11 symptoms de-
scribed in other studies of patients with histamine intolerance [5,32]. Nevertheless, the
primary self-reported symptoms in our cohort align closely with those documented in
previous studies, the most common of which were gastrointestinal, neurological, and
dermatological symptoms (bloating, constipation, headache, migraine, pruritus, and
flushing) [5,32,33]. Likewise, the DAO activity levels in our patients before pregnancy
(7.69 U/mL ± 5.2) were comparable to those reported in numerous studies on histamine-
intolerant individuals [9,17,34–37]. However, we did not observe a statistically significant
correlation between a higher symptom frequency and lower serum DAO activity before
pregnancy. Pinzer et al. (2017) also found no correlation between histamine intolerance
symptoms and the measured DAO activity [33]. In contrast, Manzotti et al. (2016) and
Cucca et al. (2022) reported a significant correlation between these variables [9,34]. Further-
more, Cucca et al. (2022) found that the symptom severity tended to decrease with higher
DAO activity levels [34].

During pregnancy, the participants experienced a reduction in the frequency of nearly
all symptoms, particularly those most commonly reported before pregnancy, such as
bloating, flatulence, rhinorrhea, pruritus, flushing, headache, migraine, hypotonia, and
muscle pain. Symptom improvement in histamine-intolerant patients with DAO defi-
ciency has been previously described following the implementation of a low-histamine
diet with or without DAO supplementation. However, most studies have focused pri-
marily on dermatological symptoms, with only a few considering multiple physiological
systems [10,11,16,34,36,38–40]. The women included in this study had either not yet started
a low-histamine diet at the time of conception or, in most cases, had followed the diet
for only a short period. A low-histamine diet is highly restrictive from a nutritional per-
spective (more than 30 foods are often excluded); therefore, it is not recommended during
pregnancy [41]. Therefore, in this first exploratory study, no dietary intervention was
implemented, and dietary intake was not recorded throughout the study period, making it
impossible to evaluate the potential contribution of diet to the improvement of symptoms.
However, during pregnancy, certain foods, many of which are potentially high in histamine,
are generally avoided as part of the standard dietary recommendations. Thus, it is possible
that some symptom improvements may have been partly influenced by these dietary re-
strictions. Moreover, the reduction in the number of symptoms coincided with a significant
increase in serum DAO activity (from 7.7 to 87 U/mL). Several previous studies have also
reported an increase in serum DAO levels during pregnancy in healthy women [18–23,31].
According to the literature, serum DAO activity begins to increase linearly from the early
weeks of pregnancy and stabilizes during mid-gestation. For instance, Southren et al. (1966)
and Carrington et al. (1972) reported that at 12–14 weeks, the mean DAO activity in uncom-
plicated pregnancies reached 150–300 U/mL, although with considerable variability among
women [18,19]. Additionally, these authors documented that serum DAO levels continued
to rise, reaching 1000–1500 U/mL at 20–22 weeks of gestation, and remained relatively
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constant thereafter until week 40. In this study, we were unable to assess DAO activity at
weeks 20–22 and beyond, which limits our ability to capture the full trajectory of its increase
during pregnancy. At 12–14 weeks, a high degree of inter-individual variability was also
observed. One possible explanation for this variability is the sharp rise in DAO activity
that appears to occur between weeks 12 and 22 of gestation, according to assessments
performed by Southren et al. (1966) and Carrington et al. (1972). Since DAO activity in the
current study was measured within a two-week time window (12–14 weeks), it is likely
that participants were at slightly different points along the steep rising phase of the activity
curve [18,19]. This timing difference may explain some of the inter-individual variability
observed in DAO levels.

The increase in DAO activity during pregnancy has been interpreted as an adaptive mech-
anism to protect the fetus from excessive histamine exposure [18–23]. Holinka et al. (1984)
demonstrated that progesterone administration leads to increased DAO activity in pregnant
hamsters [42]. In humans, only one study has evaluated the influence of hormonal fluctua-
tions on DAO activity during the menstrual cycle. In that study, an increase in progesterone
levels during the luteal phase was accompanied by a corresponding increase in DAO activity,
suggesting a potential hormonal influence on the DAO enzyme [43]. However, to the best of
our knowledge, no human study has directly explored this relationship during pregnancy.

However, a notable finding was that the four women who experienced sponta-
neous miscarriage showed a smaller increase in DAO enzyme activity during pregnancy
(20.2, 21.4, 23.2, and 30.8 U/mL) compared to the rest of the women, all of whom had DAO
levels above 54 U/mL at weeks 12–14 of gestation. This observation aligns with the findings
of Southren et al. (1966), who observed DAO activity levels below 50 U/mL between weeks
10 and 24 in women with missed abortions [19]. Similarly, Brew et al. (2007) reported that
pregnant women with preeclampsia exhibited a smaller increase in DAO levels, accom-
panied by higher histamine concentrations in the placenta [44]. The authors suggested
that some typical symptoms of preeclampsia, such as nausea, headache, hypertension, and
edema, might be caused by histamine accumulation [44].

At two months postpartum, a reduction in DAO activity was observed, accompanied
by a recurrence of symptoms, with an average of three symptoms per patient. However, the
only symptom that worsened significantly after childbirth was migraine, whereas bloating,
constipation, flatulence, rhinorrhea, and pruritus were significantly lower than before
pregnancy. This suggests that the potential protective effect of increased DAO activity
during pregnancy may persist for at least two months postpartum for these symptoms,
except for migraine. It would have been valuable to have data on symptom progression
beyond two months postpartum to determine whether the symptoms eventually returned
to pre-pregnancy levels. Nevertheless, given the observed trend, implementing a specific
dietary treatment postpartum to prevent symptom recurrence is advisable, even though
the symptoms do not initially reappear at the same frequency.

This study also aimed to assess the prevalence of SNPs in the DAO-encoding gene
(AOC1) in the participants. In agreement with the literature, rs10156191, rs1049793, and
rs2052129 were the most common SNP variants identified [5–7,27]. Additionally, the
frequencies of these variants were similar to those previously reported in non-intolerant
populations and the European population, as documented in the ALFA database [5,6,27].
In line with these studies, no correlation was observed between the number of genetic
variants and the number or type of symptoms [5,6,45].

In contrast, analysis of the relationship between serum DAO activity and SNP sta-
tus revealed that patients carrying the rs1049793 variant in heterozygosity exhibited
lower DAO activity, which aligns with the results of Ayuso et al. (2007) [7]. Similarly,
Maintz et al. (2011) and Duelo et al. (2024) identified an association between reduced DAO



J. Clin. Med. 2025, 14, 4573 10 of 12

activity and the rs2052129 variant in patients with histamine intolerance [5,6]. Despite
these findings, it should be noted that the mere presence of an altered AOC1 gene variant is
insufficient as a standalone diagnostic marker for DAO deficiency, as no direct correlation
was found between genetic variants and the number or type of symptoms in this popula-
tion. Additionally, the five patients who were non-carriers of any altered SNPs may have
presented with histamine intolerance of secondary intestinal origin, potentially resulting
from impaired intestinal barrier function or other gut pathologies. In such cases, increased
intestinal absorption of histamine into the bloodstream could trigger the appearance of
symptoms, even in the absence of genetically determined DAO deficiency [3].

The main limitation of the present study was its relatively small sample size. This
limited our ability to better assess the genetic influence within the studied population.
Additionally, it would have been valuable to assess the intensity of clinical symptoms in
patients at multiple time points during pregnancy and beyond two months postpartum
using validated severity scales. Measuring DAO activity at additional key time points,
such as weeks 20–22 and 36, would also help better characterize the dynamics between
enzyme activity and symptom evolution.

5. Conclusions
In summary, this prospective observational study is the first to examine serum DAO

levels and histamine intolerance symptoms in women before, during, and after pregnancy.
The results revealed an improvement in histamine intolerance symptoms and an increase
in serum DAO activity during pregnancy. Additionally, a decline in DAO activity was
observed at two months postpartum compared to levels during pregnancy, accompanied
by a mild recurrence of symptoms of histamine intolerance. The marked improvement in
symptoms during pregnancy suggests that restrictive diets, such as low-histamine diets,
may not be necessary for women with histamine intolerance during pregnancy.

Author Contributions: Conceptualization and study design, M.C.V.-C., M.L.L.-M., A.D., S.S.-P. and
O.C.-B.; methodology, A.D., S.S.-P., S.S.-B., S.P.-R. and O.C.-B.; writing—original draft preparation;
A.D., S.S.-P., O.C.-B. and M.L.L.-M.; writing—review and editing, A.D., S.S.-P., O.C.-B., M.L.L.-M.
and M.C.V.-C.; supervision, M.C.V.-C. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Generalitat de Catalunya (2021-SGR-00861) and grant
PID2020-117670RB-C21, funded by MICIN/AEI/10.13039/501100011033.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki of 1975, and approved by the Bioethics and Clinical Research Committee of the Hospi-
tal Clinic de Barcelona on 2 June 2022 (HCB/2022/0437), and by the Bioethics Committee of the
University of Barcelona (IRB00003099) on 10 October 2024.

Informed Consent Statement: Informed consent was obtained from all the participants involved in
the study.

Data Availability Statement: The original contributions presented in this study are included in this
article. Further inquiries should be directed to the corresponding authors.

Acknowledgments: Sònia Sánchez-Pérez was a recipient of the grant JDC2022-049034-I, funded by
MICIN/AEI/10.13039/501100011033 and European Union NextGenerationEU/PRTR. We acknowl-
edge the support of INSA·UB Maria de Maeztu Unit of Excellence (Grant CEX2021-001234-M) funded
by MICIN/AEI/FEDER, UE. We would also like to acknowledge Hélène Mantecon and Marina
Berbel in the recruitment of participants.

Conflicts of Interest: The authors declare no conflicts of interest.



J. Clin. Med. 2025, 14, 4573 11 of 12

References
1. Maintz, L.; Novak, N. Histamine and histamine intolerance. Am. J. Clin. Nutr. 2007, 85, 1185–1196. [CrossRef] [PubMed]
2. Barcik, W.; Wawrzyniak, M.; Akdis, C.A.; O’Mahony, L. Immune regulation by histamine and histamine-secreting bacteria.

Curr. Opin. Immunol. 2017, 48, 108–113. [CrossRef]
3. Sánchez-Pérez, S.; Comas-Basté, O.; Duela, A.; Veciana-Nogués, M.T.; Berlanga, M.; Latorre-Moratalla, M.L.; Vidal-Carou, M.C.

Intestinal Dysbiosis in Patients with Histamine Intolerance. Nutrients 2022, 14, 1774. [CrossRef] [PubMed]
4. Comas-Basté, O.; Sánchez-Pérez, S.; Veciana-Nogués, M.T.; Latorre-Moratalla, M.L.; Vidal-Carou, M.C. Histamine intolerance:

The current state of the art. Biomolecules 2020, 10, 1181. [CrossRef]
5. Duelo, A.; Comas-Basté, O.; Sánchez-Pérez, S.; Veciana-Nogués, M.T.; Ruiza-Casares, E.; Vidal-Carou, M.C.; Latorre-Moratalla,

M.L. Pilot Study on the Prevalence of Diamine Oxidase Gene Variants in Patients with Symptoms of Histamine Intolerance.
Nutrients 2024, 16, 1142. [CrossRef] [PubMed]

6. Maintz, L.; Yu, C.-F.; Rodríguez, E.; Baurecht, H.; Bieber, T.; Illig, T.; Weidinger, S.; Novak, N. Association of single nucleotide
polymorphisms in the diamine oxidase gene with diamine oxidase serum activities. Allergy 2011, 66, 893–902. [CrossRef]

7. Ayuso, P.; García-Martín, E.; Martínez, C.; Agúndez, J.A. Genetic variability of human diamine oxidase: Occurrence of three
nonsynonymous polymorphisms and study of their effect on serum enzyme activity. Pharmacogenet. Genom. 2007, 17, 687–693.
[CrossRef]

8. Komericki, P.; Klein, G.; Reider, N.; Hawranek, T.; Strimitzer, T.; Lang, R.; Kranzelbinder, B.; Aberer, W. Histamine intolerance:
Lack of reproducibility of single symptoms by oral provocation with histamine: A randomised, double-blind, placebo-controlled
cross-over study. Wien. Klin. Wochenschr. 2011, 123, 15–20. [CrossRef]

9. Manzotti, G.; Breda, D.; Di Gioacchino, M.; Burastero, S.E. Serum diamine oxidase activity in patients with histamine intolerance.
Int. J. Immunopathol. Pharmacol. 2016, 29, 105–111. [CrossRef]

10. Izquierdo-Casas, J.; Comas-Basté, O.; Latorre-Moratalla, M.L.; Lorente-Gascón, M.; Duelo, A.; Soler-Singla, L.; Vidal-Carou,
M.C. Diamine oxidase (DAO) supplement reduces headache in episodic migraine patients with DAO deficiency: A randomized
double-blind trial. Clin. Nutr. 2019, 38, 152–158. [CrossRef]

11. Yacoub, M.R.; Giuseppe Ramirez, A.G.; Bertia, A.; Mercurio, G.; Breda, D.; Saporiti, N.; Burastero, S.; Dagna, L.; Colombo, G.
Diamine Oxidase Supplementation in Chronic Spontaneous Urticaria: A Randomized, Double-Blind Placebo-Controlled Study.
Int. Arch. Allergy Immunol. 2018, 176, 268–271. [CrossRef] [PubMed]

12. Schnedl, W.J.; Schenk, M.; Lackner, S.; Enko, D.; Mangge, H.; Forster, F. Diamine oxidase supplementation improves symptoms in
patients with histamine intolerance. Food Sci. Biotechnol. 2019, 28, 1779–1784. [CrossRef] [PubMed]

13. Okutan, G.; Sánchez Niño, G.M.; Terrén Lora, A.; López Oliva, S.; San Mauro Martín, I. Exogenous Supplementation with DAO
Enzyme in Women with Fibromyalgia: A Double-Blind Placebo-Controlled Clinical Trial. J. Clin. Med. 2023, 12, 6449. [CrossRef]

14. Kettner, L.; Seitl, I.; Fischer, L. Toward Oral Supplementation of Diamine Oxidase for the Treatment of Histamine Intolerance.
Nutrients 2022, 14, 2621. [CrossRef] [PubMed]

15. O’Connor, M.E.; Terradillos-Guillén, A.; Gálvez-Martín, P.; Martínez-Puig, D. Observational study to assess the efficacy and
safety of diaminooxidase (DAO) supplementation in patients with histamine intolerance (HIT). Clin. Nutr. ESPEN 2023, 58, 741.
[CrossRef]

16. Wantke, F.; Gotz, M.; Jarisch, R. Histamine-free diet: Treatment of choice for histamine-induced food intolerance and supporting
treatment for chronical headaches. Clin. Exp. Allergy 1993, 23, 982–985. [CrossRef]

17. Rentzos, G.; Weisheit, A.; Ekerljung, L.; van Odijk, J. Measurement of diamine oxidase (DAO) during low-histamine or ordinary
diet in patients with histamine intolerance. Eur. J. Clin. Nutr. 2024, 78, 726–731. [CrossRef]

18. Carrington, E.R.; Frishmuth, G.J.; Oesterling, M.J.; Adams, F.M.; Cox, S.E. Gestational and postpartum plasma diamine oxidase
values. Obstet. Gynecol. 1972, 39, 426–430.

19. Southren, A.L.; Kobayashi, Y.; Weingold, A.B.; Carmody, N.C. Serial plasma diamine oxidase (DAO) assays in first and second
trimester complications of pregnancy. Am. J. Obstet. Gynecol. 1966, 96, 502–510. [CrossRef]

20. Torok, E.E.; Brewer, J.I.; Dolkart, R.E. Serum Diamine Oxidase in Pregnancy and in Trophoblastic Diseases. J. Clin. Endocrinol.
Metab. 1969, 30, 59–65. [CrossRef]

21. Legge, M.; Duff, G.B. Plasma Diamine Oxidase Levels in Pregnancy Complicated by Threatened Abortion. J. Clin. Pathol. 1981, 34,
187–188. [CrossRef] [PubMed]

22. Gahl, W.A.; Raubertas, R.F.; Vale, A.M.; Golubjatnikov, R. Maternal serum diamine oxidase in fetal death and low-birth-weight
infants. Br. J. Obstet. Gynaecol. 1982, 89, 202–207. [CrossRef] [PubMed]

23. Velicky, P.; Windsperger, K.; Petroczi, K.; Pils, S.; Reiter, B.; Weiss, W.; Vondra, S.; Ristl, R.; Dekan, S.; Fialaet, C. Pregnancy-
associated diamine oxidase originates from extravillous trophoblasts and is decreased in early-onset preeclampsia. Sci. Rep. 2018,
8, 6342. [CrossRef] [PubMed]

24. Maintz, L.; Schwarzer, V.; Bieber, T.; van der Ven, K.; Novak, N. Effects of histamine and diamine oxidase activities on pregnancy:
A critical review. Hum. Reprod. Update 2008, 14, 485–495. [CrossRef]

https://doi.org/10.1093/ajcn/85.5.1185
https://www.ncbi.nlm.nih.gov/pubmed/17490952
https://doi.org/10.1016/j.coi.2017.08.011
https://doi.org/10.3390/nu14091774
https://www.ncbi.nlm.nih.gov/pubmed/35565742
https://doi.org/10.3390/biom10081181
https://doi.org/10.3390/nu16081142
https://www.ncbi.nlm.nih.gov/pubmed/38674832
https://doi.org/10.1111/j.1398-9995.2011.02548.x
https://doi.org/10.1097/FPC.0b013e328012b8e4
https://doi.org/10.1007/s00508-010-1506-y
https://doi.org/10.1177/0394632015617170
https://doi.org/10.1016/j.clnu.2018.01.013
https://doi.org/10.1159/000488142
https://www.ncbi.nlm.nih.gov/pubmed/29698966
https://doi.org/10.1007/s10068-019-00627-3
https://www.ncbi.nlm.nih.gov/pubmed/31807350
https://doi.org/10.3390/jcm12206449
https://doi.org/10.3390/nu14132621
https://www.ncbi.nlm.nih.gov/pubmed/35807806
https://doi.org/10.1016/j.clnesp.2023.09.892
https://doi.org/10.1111/j.1365-2222.1993.tb00287.x
https://doi.org/10.1038/s41430-024-01448-2
https://doi.org/10.1016/S0002-9378(16)34688-9
https://doi.org/10.1210/jcem-30-1-59
https://doi.org/10.1136/jcp.34.2.187
https://www.ncbi.nlm.nih.gov/pubmed/6785320
https://doi.org/10.1111/j.1471-0528.1982.tb03614.x
https://www.ncbi.nlm.nih.gov/pubmed/6802171
https://doi.org/10.1038/s41598-018-24652-0
https://www.ncbi.nlm.nih.gov/pubmed/29679053
https://doi.org/10.1093/humupd/dmn014


J. Clin. Med. 2025, 14, 4573 12 of 12

25. Kucher, A.N. Association of Polymorphic Variants of Key Histamine Metabolism Genes and Histamine Receptor Genes with
Multifactorial Diseases. Russ. J. Genet. 2019, 55, 794–814. [CrossRef]

26. García-Martín, E.; Martínez, C.; Serrador, M.; Alonso-Navarro, H.; Ayuso, P.; Navacerrada, F.; Agúndez, J.; Jiménez-Jiménez,
F.J. Diamine oxidase rs10156191 and rs2052129 variants are associated with the risk for migraine. Headache 2015, 55, 276–286.
[CrossRef]

27. National Library of Medicine (US). dbSNP: Short Genetic Variations. Bethesda (MD). National Center for Biotechnology
Information (NCBI). Available online: https://www.ncbi.nlm.nih.gov/snp/?term=aoc1 (accessed on 26 February 2025).

28. Hall, M.E.; George, E.M.; Granger, J.P. El corazón durante el embarazo. Rev. Esp. Cardiol. 2011, 64, 1045–1050. [CrossRef]
29. González-González, A.; Álvarez-Silvares, E.; Veiga-Vázquez, A.; Gómez-Mosquera, M.D. Síntomas y signos digestivos durante la

gestación: Náuseas y vómitos/hiperemesis gravídica. Med. Fam. Semer. 2011, 37, 559–564. [CrossRef]
30. Pritschet, L.; Pritschet, L.; Taylor, C.M.; Cossio, D.; Faskowitz, J.; Santander, T.; Handwerker, D.A.; Grotzinger, H.; Layher, E.;

Chrastil, E.R. Neuroanatomical changes observed over the course of a human pregnancy. Nat. Neurosci. 2024, 27, 2253–2260.
[CrossRef]

31. Legge, M.; Hammondl, E.M.; Ncwsomcl, B.J.; Duff, G.B.; Aickin, D.R. Maternal serum diamine oxidase activity in the third
trimester. Asia Ocean. J. Obstet. Gynaecol. 1986, 12, 493–498. [CrossRef]

32. Schnedl, W.J.; Lackner, S.; Enko, D.; Schenk, M.; Holasek, S.J.; Mangge, H. Evaluation of symptoms and symptom combinations
in histamine intolerance. Intest. Res. 2019, 17, 427–433. [CrossRef] [PubMed]

33. Pinzer, T.C.; Tietz, E.; Waldmann, E.; Schink, M.; Neurath, M.F.; Zopf, Y. Circadian profiling reveals higher histamine plasma
levels and lower diamine oxidase serum activities in 24% of patients with suspected histamine intolerance compared to food
allergy and controls. Allergy 2018, 73, 949–957. [CrossRef] [PubMed]

34. Cucca, V.; Ramirez, G.A.; Pignatti, P.; Asperti, C.; Russo, M.; Della-Torre, E.; Breda, D.; Burastero, S.E.; Dagna, L.; Yacoub, M.R.
Basal Serum Diamine Oxidase Levels as a Biomarker of Histamine Intolerance: A Retrospective Cohort Study. Nutrients 2022, 14,
1513. [CrossRef]
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