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Abstract
Background/objectives: Histamine has shown a possible role in the etiopatho-
genesis of migraine. It has been reported an association between some polymor-
phisms in the diamine oxidase (DAO) gene and migraine, especially in women. 
Two studies addressing DAO activity in migraine patients showed conflicting 
results. We investigated the possible relationship of serum DAO activity and his-
tamine levels and 3 polymorphisms in the DAO gene with the risk for migraine.
Methods: We studied the frequencies of DAO rs10156191, rs1049742 and 
rs1049793 genotypes and allelic variants in 298 migraine patients and 360 healthy 
controls (using a TaqMan-based qPCR assay), and serum DAO activity and hista-
mine levels in a subset of 99 migraine patients and 115 controls with strict exclu-
sion criteria, and analysed the relationship of these variables with several clinical 
features of migraine.
Results: The frequencies of the DAO genotypes and allelic variants analysed were 
similar in migraine patients and controls. Serum DAO activity was significantly 
higher in migraine patients (Vmax/Km 4.24 ± 2.93 vs. 3.60 ± 7.64, p < 0.001), 
especially in females (Vmax/Km 4.63 ± 2.96 vs. 3.18 ± 2.32, p < 0.0001), while 
serum histamine was similar in both study groups.
Conclusion: Serum DAO activity was increased in patients with migraine, espe-
cially in females, while serum histamine levels were normal. None of the studied 
polymorphisms was associated with the risk for migraine.
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1   |   INTRODUCTION

Migraine affects 10–18% of the population (2–3 women for 
each man), therefore being one of the most frequent neu-
rological disorders. Despite the facts that both migraine 
with aura (MWA) and without aura (MWoA) show a high 
frequency of positive family history (50–70%), and the 
well-known increased risk for both MWA and MWoA ob-
served in subjects with first-degree parents affected by this 
disease, genetics of migraine is not well established, with 
the exception of the identification of CACNA1A, ATP1A2 

and SCN1A genes as causative for familial hemiplegic 
migraine.1 A recent meta-analysis of 22  hypothesis-free 
genome-wide association studies (GWAS), involving an 
important number of migraine patients and healthy con-
trols, has identified 38  susceptibility loci for migraine.2 
A substantial number of hypothesis-driven case–control 
association studies involving many candidate genes, 
with variable and inconsistent results regarding associ-
ation with migraine, have been reported during the last 
20 years, but it is out of the scope of the present article a 
detailed revision of these studies.

T A B L E  1   Demographic and clinical data of the series studied

Controls 
(N = 360)

Migraine patients 
(N = 296)

Controls DAO/
Histamine (n = 115)

Migraine patients DAO/
Histamine (n = 99)

Age, y, mean (SD) 36.72 (11.75) 37.52 (12.36) 36.46 (12.65) 35.18 (16.26)

Age at onset y, mean (SD) NA 17.85 (10.73) NA 20.10 (11.35)

Female, N (%) 229 (63.6%) 212 (71.6%) 81 (70.4%) 76 (76.8%)

Positive family history, N (%) NA 212 (71.6%) NA 65 (65.7%)

Aura, N (%) NA 143 (48.3%) NA 45 (45.5%)

Triggering migraine attacks by 
alcohol, N (%)

NA 88 (29.7%) NA 25 (25.3%)

Age at onset of migraine </= 16 years, 
N (%)

NA 161 (44.7%) NA 48 (48.5%)

T A B L E  2   Diamine oxidase (DAO) genotype and allelic variants of patients with migraine and healthy volunteers. The values in each cell 
represent number (percentage) and [95% confidence intervals -CI]

Migraine patients (N = 296, 
592 alleles)

Controls (N = 360, 720 
alleles)

Allele positivity OR (95% 
C.I.); P; Pc

Genotypes

rs10156191 C/C 166 (56.1; 50.4–61.7) 222 (61.7; 56.6–66.7) 1.26 (0.92–1.72); 0.148; 0.444

C/T 113 (38.2; 32.6–43.7) 116 (32.2; 27.4–37.0)

T/T 17 (5.7; 3.1–8.4) 22 (6.1; 3.6–8.6)

rs1049742 C/C 260 (87.8; 84.1–91.6) 310 (86.1; 82.5–89.7) 0.86 (0.54–1.36); 0.514; 0.514

C/T 34 (11.5; 7.9–15.1) 48 (13.3; 9.8–16.8)

TT 2 (0.7; −0.3–1.6) 2 (0.6; −0.2–1.3)

rs1049793 C/C 166 (56.1; 50.4–61.7) 192 (53.3; 48.2–58.5) 0.90 (0.66–1.22); 0.481; 0.514

C/G 104 (35.1; 29.7–40.6) 142 (39.4; 34.4–44.5)

G/G 26 (8.8; 5.6–12.0) 26 (7.2; 4.5–9.9)

Alleles Allele frequency difference 
OR (95% C.I.); P; Pc

rs10156191 C 445 (75.2; 71.7–78.6) 560 (77.8; 74.7–80.8) 1.16 (0.90–1.49); 0.267; 0.801

rs10156191 T 147 (24.8; 21.4–28.3) 160 (22.2; 19.2–25.3)

rs1049742 C 554 (93.6; 91.6–95.6) 668 (92.8; 90.9–94.7) 0.88 (0.57–1.36); 0.567; 0.809

rs1049742 T 38 (6.4; 4.4–8.4) 52 (7.2; 5.3–9.1)

rs1049793 C 436 (73.6; 70.1–77.2) 526 (73.1; 69.8–76.3) 0.97 (0.76–1.24); 0.809; 0.809

rs1049793 G 156 (26.4; 22.8–29.9) 194 (26.9; 23.7–30.2)

Note: Allele positivity compares the presence of the minor allele in either heterozygosity or homozygosity versus the absence of the minor allele. P, crude P 
value; Pc: corrected P value according the false discover rate procedure as described under methods.
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Histamine degradation is related to two enzymes: 
one of them, histamine N-methyltransferase (HNMT, 
EC. 2.1.1.8), is responsible for the inactivation of hista-
mine in the brain (contained in mast cells and histami-
nergic neurons), and the other, diamine oxidase (DAO, 
EC1.4.3.6), acts through scavenging to extracellular his-
tamine after mediator release, mainly in peripheral tis-
sues such as colon, kidney, placenta and thymus.3 The 
amiloride binding protein 1  gene (chromosome 7q36.1, 
gene identity 26, MIM 104610), which is also named as 
ABP1, ABP, diamine oxidase DAO or DAO1  gene, and 
codify DAO enzyme, has shown, in Caucasians, three 
nonsynonymous single nucleotide polymorphisms 
(SNPs) related to 3 amino acid substitutions (rs10156191, 
rs1049742 and rs1049793), and other SNP related to de-
creased transcriptional activity located in the gene pro-
moter (rs2521929). Serum DAO activity has been found 
to be lower in carriers of the minor allele of rs1049742,4 
rs101561914 and rs2521929.5

Several clinical–epidemiological, biochemical, ex-
perimental and pharmacological data give support to 
the hypothesis of a possible contribution of histamine 

in the etiopathogenesis or in the clinical presentation 
of migraine.3 In addition, headache is a usual symp-
tom of histamine intolerance, which has been related 
to DAO deficiency,6-9 and low-  or free-histamine diet 
has shown an important improvement of symptoms of 
histamine intolerance, including headache.6  Two pre-
vious studies analysed serum DAO activity in patients 
diagnosed with migraine compared with controls, with 
contradictory results.10,11  García-Martín et al.3 de-
scribed association between DAO rs10156191 and DAO 
rs2052129, related to lower DAO activity, and the risk 
of migraine in the Caucasian Spanish population, es-
pecially in women. Meza-Velázquez et al.12 described 
a significantly higher frequency of the mutant DAO 
rs1049793 allele in a group of women with migraine 
and allergy (n = 80) compared with ‘controls’ without 
migraine with allergy.

The present study has two main objectives: (a) to con-
firm association between several DAO polymorphisms 
with the risk for migraine3,12 and (b) to study the serum 
DAO activity and serum histamine levels in a subset of 
migraine patients and healthy controls.

T A B L E  4   DAO genotype and allelic variants of patients with migraine distributed by DAO activity (Vmax, and Km) and histamine 
levels. The values in each cell represent number (percentage) and [95% confidence intervals (CI)]. Vmax, maximum rate of reaction; Km, 
Michaelis–Menten constant; nM, nanomolar

Vmax ≤9.16 U/L) 
(N = 49; 98 alleles)

Vmax >9.16 U/L) (N = 50; 
100 alleles)

Allele positivity OR (95% 
C.I.); P; Pc

Km ≤2.59 mM) (N = 50; 
100 alleles)

Km >2.59 mM) 
(N = 49; 98 alleles)

Allele positivity OR (95% 
C.I.); P; Pc

Histamine ≤6.35 nM) 
(N = 48; 96 alleles)

Histamine >6.35 nM) 
(N = 51; 102 alleles)

Allele positivity OR 
(95% C.I.); P; Pc

Genotypes

rs10156191 C/C 29 (59.2; 45.4–72.9) 29 (58.0; 44.3–71.7) 0.95 (0.43–2.12); 0.905; 0.905 32 (64.0; 50.7–77.3) 26 (53.1; 39.1–67.0) 0.63 (0.28–1.42); 0.269; 0.403 28 (58.3; 44.4–72.3) 30 (58.8; 45.3–72.3) 1.02 (0.46–2.27); 0.961; 
0.961C/T 20 (40.8; 27.1–54.6) 16 (32.0; 19.1–44.9) 16 (32.0; 19.1–44.9) 20 (40.8; 27.1–54.6) 17 (35.4; 21.9–48.9) 19 (37.3; 24.0–50.5)

T/T 0 (0.0; 0.0–0.0) 5 (10.0; 1.7–18.3) 2 (4.0; −1.4–9.4) 3 (6.1; −0.6–12.8) 3 (6.3; −0.6–13.1) 2 (3.9; −1.4–9.2)

rs1049742 C/C 45 (91.8; 84.2–99.5) 41 (82.0; 71.4–92.6) 0.41 (0.12–1.42); 0.147; 0.441 46 (92.0; 84.5–99.5) 40 (81.6; 70.8–92.5) 41 (85.4; 75.4–95.4) 45 (88.2; 79.4–97.1)

C/T 4 (8.2; 0.5–15.8) 9 (18.0; 7.4–28.6) 4 (8.0; 0.5–15.5) 9 (18.4; 7.5–29.2) 0.39 (0.11–1.35); 0.127; 0.381 7 (14.6; 4.6–24.6) 6 (11.8; 2.9–20.6) 1.28 (0.40–4.12); 0.678; 
0.961TT 0 (0.0; 0.0–0.0) 0 (0.0; 0.0–0.0) 0 (0.0; 0.0–0.0) 0 (0.0; 0.0–0.0) 0 (0.0; 0.0–0.0) 0 (0.0; 0.0–0.0)

rs1049793 C/C 30 (61.2; 47.6–74.9) 27 (54.0; 40.2–67.8) 0.74 (0.33–1.65); 0.467; 0.701 28 (56.0; 42.2–69.8) 29 (59.2; 45.4–72.9) 25 (52.1; 38.0–66.2) 32 (62.7; 49.5–76.0)

36 16 (32.7; 19.5–45.8) 19 (38.0; 24.5–51.5) 20 (40.0; 26.4–53.6) 15 (30.6; 17.7–43.5) 1.14 (0.51–2.53); 0.749; 0.749 19 (39.6; 25.7–53.4) 16 (31.4; 18.6–44.1) 1.55 (0.70–3.45); 0.283; 
0.849G/G 3 (6.1; −0.6–12.8) 4 (8.0; 0.5–15.5) 2 (4.0; −1.4–9.4) 5 (10.2; 1.7–18.7) 4 (8.3; 0.5–16.2) 3 (5.9; −0.6–12.3)

Alleles Allele frequency difference 
OR (95% C.I.); P; Pc

Allele frequency difference 
OR (95% C.I.); P; Pc

Allele frequency 
difference OR (95% 
C.I.); P; Pcrs10156191 C 78 (79.6; 71.6–87.6) 74 (74.0; 65.4–82.6) 0.73 (0.38–1.42); 0.351; 0.458 80 (80.0; 72.2–87.8) 72 (73.5; 64.7–82.2) 0.69 (0.36–1.35); 0.277; 0.416 73 (76.0; 67.5–84.6) 79 (77.5; 69.3–85.6)

rs10156191 T 20 (20.4; 12.4–28.4) 26 (26.0; 17.4–34.6) 20 (20.0; 12.2–27.8) 26 (26.5; 17.8–35.3) 23 (24.0; 15.4–32.5) 23 (22.5; 14.4–30.7) 1.08 (0.56–2.09); 0.814; 
0.814rs1049742 C 94 (95.9; 92.0–99.8) 91 (91.0; 85.4–96.6) 96 (96.0; 92.2–99.8) 89 (90.8; 85.1–96.5) 89 (92.7; 87.5–97.9) 96 (94.1; 89.6–98.7)

rs1049742 T 4 (4.1; 0.2–8.0) 9 (9.0; 3.4–14.6) 0.43 (0.13–1.45); 0.162; 0.458 4 (4.0; 0.2–7.8) 9 (9.2; 3.5–14.9) 0.41 (0.12–1.39); 0.141; 0.416 7 (7.3; 2.1–12.5) 6 (5.9; 1.3–10.4) 1.26 (0.41–3.89); 0.689; 
0.814rs1049793 C 76 (77.6; 69.3–85.8) 73 (73.0; 64.3–81.7) 76 (76.0; 67.6–84.4) 73 (74.5; 65.9–83.1) 0.92 (0.48–1.76); 0.806; 0.806 69 (71.9; 62.9–80.9) 80 (78.4; 70.4–86.4)

rs1049793 G 22 (22.4; 14.2–30.7) 27 (27.0; 18.3–35.7) 0.78 (0.41–1.50); 0.458; 0.458 24 (24.0; 15.6–32.4) 25 (25.5; 16.9–34.1) 27 (28.1; 19.1–37.1) 22 (21.6; 13.6–29.6) 1.42 (0.74–2.72); 0.286; 
0.814

Note: Allele positivity compares the presence of the minor allele either in heterozygosity or homozygosity versus the absence of the minor allele. P, crude P 
value; Pc: corrected P value according the false discover rate procedure as described under methods.

http://www.chem.qmul.ac.uk/iubmb/enzyme/EC1/4/3/6.html
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2   |   PATIENTS AND METHODS

2.1  |  Patients and controls

We studied the genotype and allelic variants DAO 
rs10156191, DAO rs1049742 and DAO rs1049793 in 298 
patients who fulfilled standardized diagnostic criteria for 
migraine13 and 360 age- and gender-matched controls. We 
also measured serum DAO activity and serum histamine 
levels in a subset of 99 patients diagnosed with migraine 
and in 115 controls. Table 1 summarizes the demographic 
data of both migraine patients and control groups who 
participated in genotyping studies and in the determina-
tion of serum DAO activity and histamine levels.

Recruitment of migraine patients was carried out 
in the general neurologic clinics of several University 
Hospitals during 2 periods: 199 patients that were re-
cruited between September 2006 and September 2007 par-
ticipated in genetic case–control association studies3,14-21 
and 99 additional patients diagnosed with migraine that 
were recruited between June 2017 and February 2019 
participated both in the genetic case–control association 

studies22 and in the current study. Healthy controls, 
which were recruited during the same periods (245 in the 
first and 115 in the second ones), were most of them stu-
dents or staff in the University of Extremadura. Inclusion 
criteria to participate in case-control association studies 
for migraine patients were clinical diagnosis of migraine 
and absence of other headache types according to the 
previously mentioned criteria,13 and the absence of other 
neurological diseases. Controls were included in the 
study if they did not report personal or familial positive 
history of migraine, and did not suffer from other head-
ache types.

Exclusion criteria for participating in the determina-
tions of serum DAO activity and serum histamine levels, 
both for migraine patients and controls, were conditions 
that could influence these variables, such as suffering 
from allergic conditions, autoimmune diseases, active 
inflammatory diseases, cancer and other severe systemic 
diseases, and that participants were not taking antihista-
mine drugs or any prophylactic treatment for migraine. 
Women during pregnancy, puerperium or lactation, and 
those taking oral contraceptives were also excluded.

T A B L E  4   DAO genotype and allelic variants of patients with migraine distributed by DAO activity (Vmax, and Km) and histamine 
levels. The values in each cell represent number (percentage) and [95% confidence intervals (CI)]. Vmax, maximum rate of reaction; Km, 
Michaelis–Menten constant; nM, nanomolar

Vmax ≤9.16 U/L) 
(N = 49; 98 alleles)

Vmax >9.16 U/L) (N = 50; 
100 alleles)

Allele positivity OR (95% 
C.I.); P; Pc

Km ≤2.59 mM) (N = 50; 
100 alleles)

Km >2.59 mM) 
(N = 49; 98 alleles)

Allele positivity OR (95% 
C.I.); P; Pc

Histamine ≤6.35 nM) 
(N = 48; 96 alleles)

Histamine >6.35 nM) 
(N = 51; 102 alleles)

Allele positivity OR 
(95% C.I.); P; Pc

Genotypes

rs10156191 C/C 29 (59.2; 45.4–72.9) 29 (58.0; 44.3–71.7) 0.95 (0.43–2.12); 0.905; 0.905 32 (64.0; 50.7–77.3) 26 (53.1; 39.1–67.0) 0.63 (0.28–1.42); 0.269; 0.403 28 (58.3; 44.4–72.3) 30 (58.8; 45.3–72.3) 1.02 (0.46–2.27); 0.961; 
0.961C/T 20 (40.8; 27.1–54.6) 16 (32.0; 19.1–44.9) 16 (32.0; 19.1–44.9) 20 (40.8; 27.1–54.6) 17 (35.4; 21.9–48.9) 19 (37.3; 24.0–50.5)

T/T 0 (0.0; 0.0–0.0) 5 (10.0; 1.7–18.3) 2 (4.0; −1.4–9.4) 3 (6.1; −0.6–12.8) 3 (6.3; −0.6–13.1) 2 (3.9; −1.4–9.2)

rs1049742 C/C 45 (91.8; 84.2–99.5) 41 (82.0; 71.4–92.6) 0.41 (0.12–1.42); 0.147; 0.441 46 (92.0; 84.5–99.5) 40 (81.6; 70.8–92.5) 41 (85.4; 75.4–95.4) 45 (88.2; 79.4–97.1)

C/T 4 (8.2; 0.5–15.8) 9 (18.0; 7.4–28.6) 4 (8.0; 0.5–15.5) 9 (18.4; 7.5–29.2) 0.39 (0.11–1.35); 0.127; 0.381 7 (14.6; 4.6–24.6) 6 (11.8; 2.9–20.6) 1.28 (0.40–4.12); 0.678; 
0.961TT 0 (0.0; 0.0–0.0) 0 (0.0; 0.0–0.0) 0 (0.0; 0.0–0.0) 0 (0.0; 0.0–0.0) 0 (0.0; 0.0–0.0) 0 (0.0; 0.0–0.0)

rs1049793 C/C 30 (61.2; 47.6–74.9) 27 (54.0; 40.2–67.8) 0.74 (0.33–1.65); 0.467; 0.701 28 (56.0; 42.2–69.8) 29 (59.2; 45.4–72.9) 25 (52.1; 38.0–66.2) 32 (62.7; 49.5–76.0)

36 16 (32.7; 19.5–45.8) 19 (38.0; 24.5–51.5) 20 (40.0; 26.4–53.6) 15 (30.6; 17.7–43.5) 1.14 (0.51–2.53); 0.749; 0.749 19 (39.6; 25.7–53.4) 16 (31.4; 18.6–44.1) 1.55 (0.70–3.45); 0.283; 
0.849G/G 3 (6.1; −0.6–12.8) 4 (8.0; 0.5–15.5) 2 (4.0; −1.4–9.4) 5 (10.2; 1.7–18.7) 4 (8.3; 0.5–16.2) 3 (5.9; −0.6–12.3)

Alleles Allele frequency difference 
OR (95% C.I.); P; Pc

Allele frequency difference 
OR (95% C.I.); P; Pc

Allele frequency 
difference OR (95% 
C.I.); P; Pcrs10156191 C 78 (79.6; 71.6–87.6) 74 (74.0; 65.4–82.6) 0.73 (0.38–1.42); 0.351; 0.458 80 (80.0; 72.2–87.8) 72 (73.5; 64.7–82.2) 0.69 (0.36–1.35); 0.277; 0.416 73 (76.0; 67.5–84.6) 79 (77.5; 69.3–85.6)

rs10156191 T 20 (20.4; 12.4–28.4) 26 (26.0; 17.4–34.6) 20 (20.0; 12.2–27.8) 26 (26.5; 17.8–35.3) 23 (24.0; 15.4–32.5) 23 (22.5; 14.4–30.7) 1.08 (0.56–2.09); 0.814; 
0.814rs1049742 C 94 (95.9; 92.0–99.8) 91 (91.0; 85.4–96.6) 96 (96.0; 92.2–99.8) 89 (90.8; 85.1–96.5) 89 (92.7; 87.5–97.9) 96 (94.1; 89.6–98.7)

rs1049742 T 4 (4.1; 0.2–8.0) 9 (9.0; 3.4–14.6) 0.43 (0.13–1.45); 0.162; 0.458 4 (4.0; 0.2–7.8) 9 (9.2; 3.5–14.9) 0.41 (0.12–1.39); 0.141; 0.416 7 (7.3; 2.1–12.5) 6 (5.9; 1.3–10.4) 1.26 (0.41–3.89); 0.689; 
0.814rs1049793 C 76 (77.6; 69.3–85.8) 73 (73.0; 64.3–81.7) 76 (76.0; 67.6–84.4) 73 (74.5; 65.9–83.1) 0.92 (0.48–1.76); 0.806; 0.806 69 (71.9; 62.9–80.9) 80 (78.4; 70.4–86.4)

rs1049793 G 22 (22.4; 14.2–30.7) 27 (27.0; 18.3–35.7) 0.78 (0.41–1.50); 0.458; 0.458 24 (24.0; 15.6–32.4) 25 (25.5; 16.9–34.1) 27 (28.1; 19.1–37.1) 22 (21.6; 13.6–29.6) 1.42 (0.74–2.72); 0.286; 
0.814

Note: Allele positivity compares the presence of the minor allele either in heterozygosity or homozygosity versus the absence of the minor allele. P, crude P 
value; Pc: corrected P value according the false discover rate procedure as described under methods.
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2.2  |  Ethical aspects

We applied the principles of the Declaration of Helsinki, 
being written informed consent an obligate requisite for 
the participation of the study. The Ethics Committee of the 
University Hospital ‘Príncipe de Asturias’ (Alcalá de Henares, 
Madrid, Spain), University Hospital ‘Infanta Cristina’ 
(Badajoz, Spain) and Hospital La Mancha-Centro (Alcázar 
de San Juan, Ciudad Real, Spain), and the Investigation 
Committee of the University Hospital of Sureste (Arganda 
del Rey, Madrid, Spain) approved the study protocol.

2.3  |  Genotyping and biochemical studies

Genotyping of the 3 analysed variants in the DAO gene 
(rs10156191, rs1049742 and rs1049793) was performed 
in genomic DNA obtained from venous blood samples of 
participants using specific TaqMan probes, as it was de-
scribed in full detail elsewhere.3 An additional SNP that 
we studied in our previous report, namely rs2052129, was 
not analysed here because of DNA shortage; also, this SNP 
is intronic, and it is strongly linked to one of the SNPs ana-
lysed here rs1049742; p  <  0.0001). Blood extractions for 
both genotyping and biochemical studies were done in the 
fasting state in both migraineurs and controls, and during 
free-headache periods in the case of migraine patients.

The determination of serum DAO activity was performed 
by a previously described colorimetric method4,23 with sev-
eral modifications to adapt it to a Varioskan Lux (Thermo 
Scientific) plate reader. The reaction mix with a final volume 
of 250 μl contained 62.5 μl of 0.8 M phosphate buffer with 
pH 7.2; 2.35 μl of O-dianisidine (44.13 mM), 1.64 μl of per-
oxidase (5 mg/31.2 ml) (all from Sigma Chem Co., Madrid, 
Spain), 32.5 μl of patient or control serum, and water. After 
incubation during 10  minutes at 37ºC, cadaverine hydro-
chloride at final concentrations ranging from 0.5  mM to 
90 mM was added. The measurements, based on the oxida-
tion of O-dianisidine, were performed at 37 ºC for 3 hours 
and 50  minutes, with a register of absorption increase at 
436 nm. We obtained a graphic of each measure and calcu-
lated the reaction speed in the straight line of each graphic.

The determinations of serum histamine concentrations 
were performed using an histamine ELISA kit (Ref BA E 
E-1000) from ImmuSmol (Bordeaux, France) according 
to the manufacturer's indications. Both determinations 
of DAO activity and histamine concentrations were per-
formed in triplicate.

2.4  |  Statistical analysis

We used the SPSS 15.0 for Windows (SPSS Inc., Chicago, 
Illinois, USA) for the statistical. The online program 

https://ihg.gsf.de/cgi-bin/hw/hwa1.pl was used to con-
firm the Hardy–Weinberg equilibrium in patients and in 
controls. Intergroup comparison values were performed 
with the chi-square test (or the Fisher's exact test where 
appropriate), and the 95% confidence intervals and the 
negative predictive values were also calculated.24

Calculation of the sample was done taking in account 
the allele frequencies observed for healthy individuals by 
using a genetic model, which analysed the minor allele 
frequency with an odds ratio (OR) value = 1.5 (α = 0.05). 
According the sample size of the current study, the sta-
tistical power (two-tailed association) for rs10156191, 
rs1049742 and rs1049793 variant alleles was 90.5%, 49.4% 
and 91.8% respectively. The statistical power for and odds 
ratio =1.8 for rs1049742 was 82.9%.

The Student's t test for independent samples was used 
for the comparison of mean of serum DAO activity and 
serum histamine levels between migraine patient and 
control groups.

We also performed a secondary analysis on the possible 
influence in the frequency of the genotype or allelic variants, 
in the serum DAO activity or in the serum histamine levels, 
of migraine patients according with the age at onset of mi-
graine attacks (≤16 years vs. ≥16 years), positivity vs. negativ-
ity of family history of migraine, presence vs. absence of aura 
and triggering vs. not triggering of migraine attacks with al-
cohol. We used chi-square test or the Fisher's exact test or 
the Student's t test when appropriate. T-test for independent 
samples on the influence of the three genotypes rs10156191, 
rs1049742 and rs1049793 SNPs was done with a T-test for 
independent samples. Reporting of the study conforms to 
broad EQUATOR guidelines,25  specifically STROBE and 
STREGA checklists are summarized in Table S1.

3   |   RESULTS

The frequencies of DAO rs10156191, DAO rs1049742 and 
DAO rs1049793  genotypes and allelic variants were in 
Hardy–Weinberg's equilibrium both in migraine patients 
and in healthy controls groups, and did not differ signifi-
cantly between the two groups (Table 2). In females, there 
was a significant lower frequency of DAO rs10156191C/C 
genotype, which disappeared after correction for multiple 
comparisons (Table 3). The frequencies of DAO rs10156191, 
DAO rs1049742 and DAO rs1049793 genotypes and allelic 
variants were not related to the age at onset of migraine 
(Table S3), serum DAO activity (maximum rate of reac-
tion, Vmax; Michaelis–Menten constant, Km; and Vmax/Km 
ratio) and serum histamine concentrations (Table  4) and 
were similar in patients diagnosed with MWA than in those 
with MWoA (Table S3), and in migraine patients in which 
ethanol triggered migraine attacks than in those in which 
ethanol did not trigger migraine attacks (Table S3).

https://ihg.gsf.de/cgi-bin/hw/hwa1.pl
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When compared with controls, serum DAO activity, 
expressed as Vmax/Km (‘catalytic efficiency’), was signifi-
cantly higher in migraine patients (Table 5), an effect that 
was due to the results in females (Table 6), while serum 
histamine concentrations were similar in migraine pa-
tients and controls for the whole series (Table 5) and for 
each gender analysed separately (Table  6). Serum DAO 
activity and histamine concentrations were not related 
to the age at onset of migraine, positive family history for 
migraine, presence or absence of aura, and triggering of 
migraine attacks by ethanol, with the exception of lower 
DAO activity in patients in which alcohol was able to trig-
ger migraine episodes (Table 7). Finally, serum DAO ac-
tivity and histamine concentrations were not correlated 
neither among them nor with the age at onset of migraine 
in the migraine patients group (data not shown).

4   |   DISCUSSION

Although, as previously was commented, the possible 
involvement of histamine in the pathogenesis of mi-
graine has been suggested by clinical and experimental 
data, the possible contribution of genetic polymorphisms 
of histamine metabolizing enzymes such as DAO and 
histamine-N-methyl-transferase (HNMT) is not still well-
established.3,12,14 The results of this study do not show as-
sociation between DAO rs10156191, DAO rs1049742 and 
DAO rs1049793 SNPs and the risk for migraine,

Besides studies showing DAO deficiency in patients 
with histamine intolerance (most of them reporting 
headache),6-8 2 previous studies addressed the measure-
ment of serum DAO activity in patients diagnosed with 
migraine. A study by Krajewska & Rydzewski10 in the 
1970s, involving 29 patients diagnosed with migraine and 
19 healthy controls, by using a spectrophotometric method 

measuring by-products of histamine oxidation, showed 
increased serum DAO activity in migraine patients during 
intercritical periods, which was even higher in samples 
obtained during migraine attacks. In contrast with these 
results, a recent study by Izquierdo-Casas et al.,11 involv-
ing 137  migraine patients (89% females) and 61  healthy 
controls (56% females), and using a commercial ELISA 
kit, showed a significantly lower mean DAO activity, and a 
significantly higher proportion of subjects with low DAO 
activity, in the migraine patient group. Moreover, the au-
thors of the later study reported a significant reduction in 
the duration of migraine attacks in patients treated with 
DAO supplements than in those treated with placebo in 
a randomized double-blind trial involving 100 patients,26 
a finding that is in agreement with the improvement of 
headache as a symptom of histamine intolerance by low 
of free-histamine diet by other group.6

The results of the current study, showing a significant 
increase in DAO activity in migraine patients during free-
headache periods compared with controls (which was re-
lated with the results obtained in females), are in agreement 
with those of the study by Krajewska & Rydzewski6 and 
do not confirm the hypothesis by Izquierdo-Casas et al.,7 
suggesting that migraine could be related with a DAO de-
ficiency. The discrepant results could be related to several 
factors. Firstly, the methods of determination of DAO ac-
tivity were different in the 3  studies: while one of them 
used spectrophotometry,8 and other an ELISA method,7 
the current study used a colorimetric method measuring 
DAO kinetics.4,23 Secondly, while in the current study mi-
graine patients and controls were age- and sex-matched, in 
the study by Izquierdo-Casas et al.7  migraine patient and 
control groups were not sex-matched, being an important 
overrepresentation of females in migraineurs (89%) in com-
parison with controls (56%), and in the study by Krajewska 
& Rydzewski,6 the sex of controls was not specified. It has 

T A B L E  7   Serum DAO activity and histamine levels in patients with migraine distributed by age at onset, family history, 
the presence of aura and ethanol effects. The values in each cell represent: number (percentage) and [95% confidence intervals] 
MW Mann-Whitney, Vmax maximum rate of reaction, Km Michaelis-Menten constant, nM nanomolar

Age at onset 
≤16 years 
(N = 48)

Age at onset 
≥16 years 
(N = 51)

Intergroup 
comparison 
MW test

Positive family 
history of migraine 
(N = 65)

Negative family 
history of migraine 
(N = 34)

Intergroup 
comparison 
MW test

Migraine with aura 
(N = 45)

Migraine 
without aura 
(N = 54)

INTERGROUP 
COMPARISON 
MW test

Migraine triggered 
by ethanol (N = 25)

Migraine not 
triggered by ethanol 
(N = 74)

Intergroup 
comparison 
MW test

Km (mM) 4.12 (3.87; 
0.68–20.91)

5.21 (10.74; 
1.15–66.87)

p = 0.459 5.00 (9.49; 0.68–66.87) 3.82 (2.55; 1.02–10.50) p = 0.385 5.67 (11.44; 0.68–66.87) 4.01 (3.81; 
1.15–20.91)

p = 0.384 5.17 (4.78; 
1.15–20.91)

4.52 (9.37; 0.68–66.87) p  = 0.042

Vmax (U/L) 9.18 (2.62; 
4.26–16.79)

10.59 (3.84; 
4.43–26.10)

p = 0.087 9.90 (3.64; 4.26–26.10) 10.014 (2.61; 
5.25–14.80)

p = 0.404 10.41; 3.77; 4.26–26.10) 9.71 (3.03; 
4.43–16.79)

p = 0.477 10.16 (3.11; 
4.70–16.79)

9.86 (3.53; 4.26–26.10) p = 0.548

Vmax/Km 3.82 (2.79; 
0.73–11.36)

4.53 (2.84; 
0.39–10.11)

p = 0.198 4.29 (2.87; 0.39–11.36) 3.96 (2.75; 0.67–9.91) p = 0.377 4.53 (3.01; 0.39–11.36) 3.92 (2.75; 
0.67–10.11)

p = 0.372 3.26 (2.53; 
0.80–10.11)

4.59 (2.87; 0.39–11.36) p  = 0.032

Histamine 
(nM)

7.52 (4.86; 
0.59–25.63)

6.89 (5.16; 
0.21–26.55)

p = 0.193 7.51 (5.58; 0.21–26.55) 6.26 (2.66; 0.59–11.87) p = 0.523 5.08 (3.94; 1.40–23.17) 7.69 (5.48; 
0.21–26.55)

p = 0.127 7.67 (5.85; 
0.59–26.55)

6.99 (4.67; 0.21–25.63) p = 0.980

Note: The Siginificance of bold values are those with P or Pc significant.
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been shown that DAO activity could be influenced by gen-
der.21 Finally, there are important differences in the inclu-
sion criteria applied for these studies: while in the current 
study we excluded patients with diseases or situations that 
could be associated to DAO deficiency, in one of the other 
studies there is not any mention to exclusion criteria,6 and 
in the other, there were only excluded pregnant women and 
patients who have used a preventive therapy for migraine 
during the previous 3 months.7

In addition, in the current study, which did not included 
patients with history of allergic or inflammatory diseases, 
because their possible influence in DAO activity, we found 
similar serum histamine levels in migraine patients than in 
controls, which were not correlated with DAO activity, and 
both serum DAO activity and histamine levels were not in-
fluenced by the studied DAO genotypes and allelic variants, 
the age at onset of migraine, the positivity of family history 
for migraine, and the presence or absence of aura. However, 
in those patients in whom alcohol triggered migraine at-
tacks, there was a trend towards lower DAO activity.

In conclusion, serum DAO activity was increased in 
patients with migraine, especially in females, while serum 
histamine levels were normal. None of the studied poly-
morphisms was associated with the risk for migraine.
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