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Abstract
Allergic Rhinitis refers to immunoglobulin E mediated inflammation of the nasal cavity. Mast cell
activation releases histamine, the inflammatory mediator that plays a central role in the biochemical
mechanism of this disease. It is metabolised by Diamine Oxidase (DAO) and Histamine Nmethyltransferase (HNMT). In this randomised open label study, we recruited 60 patients out of which
30 patients were provided standard treatment and 30 were provided standard treatment along with
instructions for dietary modification. The dietary modification consisted of excluding commonly
consumed histamine-rich foods and foods containing pro-histamine or anti-DAO active constituents.
Each patient was followed up 3 times over the course of 15 days. The patients in the dietary
modification group showed significant improvement in rhinitis symptoms within 7 days, while the
control group’s improvement was not significant in the same amount of time. The overall
improvement between the first and last visits was more significant in the dietary modification group
as compared to the control group. Thus, the exclusion of histamine-rich foods and foods containing
pro-histamine or anti-DAO compounds may be recommended to patients of allergic rhinitis for quicker
and better recovery. This approach may also be explored in other conditions where histamine is
implicated such as asthma and infections caused by coronaviruses.

Introduction
Rhinitis is the inflammation of the mucous membrane inside the nose which is defined by a
combination of two or more nasal symptoms-running, blocking, itching and sneezing1. Allergic rhinitis
(AR) is a nasal airway disease that occurs when these symptoms are the result of Immunoglobulin E
(IgE) mediated inflammation following exposure to an allergen2. AR is a global health problem that is
increasing in prevalence3,4. Globally, allergic rhinitis affects between 10% and 30% of the
population5. Reported incidence of allergic rhinitis in India also ranges between 20% and 30%6.
Histamine is a biogenic amine that plays an important role in the IgE- mediated inflammatory
response within the body. Endogenous histamine is synthesized from L-histidine by enzymedependent histidine decarboxylation [Fig. 1]. Most of the synthesis of histamine takes place in mast
cells and basophils, which store it in large quantities and release it when they are degranulated in
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response upon immunological or non-immunological stimulus. Other cells such as dendritic cells and
lymphocytes secrete histamine immediately after producing it upon stimulation7,8. Certain foods that
are rich in histamine can also increase the bioavailability of histamine [Fig 1]. The released histamine
produces diverse biological effects including inflammation, vasodilation, decreased peripheral
resistance, airway smooth muscle contraction, and sensory nerve stimulation 9,10.
In a healthy individual, histamine is broken down on a regular basis by two enzymes: Diamine
Oxidase (DAO) and Histamine N-methyltransferase (HNMT) [Fig. 2]. DAO is found in the intestinal
mucosa and is the primary enzyme for the metabolism of histamine in gut and extracellular space,
while HNMT is the primary enzyme for the degradation of histamine in intracellular tissues. Histamine
intolerance can occur when DAO or HNMT enzyme activity is insufficient. It is described as an excess
of histamine in the blood circulation, gives rise to an array of symptoms that are typical in allergic
reactions 11.
Histamine, its activators and DAO inhibitor are present in some everyday dietary products such as
egg white, tomatoes, peanuts, almonds, alcohol etc. [See Table 1]. These food products may increase
histamine bioavailability, increase its activity or decrease the activity of DAO. Thus, consumption of
these food products can exacerbate the inflammatory symptoms of rhinitis. Through this study, we
aim to assess the effect of restricting the dietary intake of these foods on the severity of symptoms in
patients of allergic rhinitis.
Table 1 - Foods Products That Increase The Bioavailability and Activity of Histamine

S.No.

Food

Active
Compound

Amandin
1

Clinical
Relevance

Reported to
induce severe
IgE allergic
reactions

Reference

Mandalari, G. and Mackie, A., 2018. Almond
Allergy: An Overview on Prevalence,
Thresholds, Regulations and Allergen
Detection. Nutrients, 10(11), p.1706.

Almonds

San Mauro Martin, I., Brachero, S. and Garicano
Vilar, E., 2016.
Histamine intolerance and dietary

3

Histamine

management: A complete
review. Allergologia et Immunopathologia,
44(5), pp.475-483.

2

Chocolate

San Mauro Martin, I., Brachero, S. and Garicano
Vilar, E., 2016.
Histamine intolerance and dietary
management: A complete
review. Allergologia et Immunopathologia,

Histamine

44(5), pp.475-483.

3

Spinach

San Mauro Martin, I., Brachero, S. and Garicano
Vilar, E., 2016.
Histamine intolerance and dietary
management: A complete

Histamine

review. Allergologia et Immunopathologia,
44(5), pp.475-483.

4

Ovamucoid,

Egg white

Histamine
Activators
Sampson, H., 1999. Food allergy. Part 1:
Immunopathogenesis and clinical disorders.
Journal of Allergy and Clinical Immunology,
103(5), pp.717-728

Ovatransferin

5

Peanut

Vicilin,
Conglutin,

Histamine
Activators

Glycinin
6

Soyabean

Vicilin,
Conglycinin

7

Walnut

2 S albumin

8

Vinegar

Histamine

9

Preserved
meat

Histamine

10

Tomato

Histamine

11

Sauerkraut

Histamine

12

Alcohol

Ethanol

Histamine
Activators

Allergen
San Mauro Martin, I., Brachero, S. and Garicano
Vilar, E., 2016.
Histamine intolerance and dietary
management: A complete
review. Allergologia et Immunopathologia,
44(5), pp.475-483.

DAO
Inhibitor

Zimatkin, S. and Anichtchik, O., 1999.
Alcohol-histamine interactions.
Alcohol and
Alcoholism, 34(2), pp.141-147.

Materials And Methods
A prospective study was done in the Department of Otorhinolaryngology, Head and Neck Surgery,
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Era’s Lucknow Medical College, Era University. A total of 60 patients were enrolled for the study
during a 3 months period from Dec ’18- Feb’19 based on inclusion and exclusion criteria. Diagnosis of
Allergic Rhinitis was made based on the guidelines of ARIA12 (Allergic Rhinitis and its Impact on
Asthma), a non-governmental organization which collaborates with the World Health Organization
(WHO) through the Global Alliance Against Chronic Respiratory Diseases (GARD).
The symptoms were assessed by Rhinitis Control Assessment Test (RCAT) Score13 [Annexure 1] and
signs by Anterior Rhinoscopy score [Annexure 2]. RCAT is a brief, patient-completed tool to evaluate
rhinitis symptom control. The RCAT has demonstrated adequate reliability, validity, and
responsiveness and is deemed acceptable and appropriate by patients. RCAT has 6 items that include
nasal congestion, sneezing, watery eyes, avoiding activities which predispose to allergy, how well
allergic symptoms were controlled last week and sleep problems caused by rhinitis. For each of the
items, responses are measured on 5-point Likert-type scales. RCAT scores range from 6 to 30, with
higher scores indicating better rhinitis control. Anterior Rhinoscopy Score has 4 items which includes
nasal discharge, nasal mucosa colour, inferior turbinate hypertrophy and nasal obstruction. The score
ranges from 0 to 1, lower score indicating better rhinitis control.
Patients were randomized by computer generated tables into 2 subgroups comprising 30 patients in
each group. The allocation of patients into two groups was done by serially numbered opaque sealed
envelope technique. Patients in Group 1 were given Standard treatment of allergic rhinitis and
patients in Group 2 were given standard treatment along with dietary modification in which pictorial
list of food items to be avoided in the diet was given [See Annexure 3]. The food items listed were all
known to contain high levels of histamine or pro-histamine active constituents or inhibitors of diamine
oxidase. All 60 patients were asked to record food items consumed at home daily. Patients were
followed up at the end of 3, 10 and 15 days and they were re-assessed on the grounds of RCAT score
and Anterior Rhinoscopy score. If the subject did not come for follow up a telephonic counselling was
done for reporting in the hospital. If the subject did not agree, RCAT was assessed on phone and
included in the result separately.
Inclusion criteria:
5

1.

All new patients with mild to moderate types of allergic rhinitis based on ARIA

2.

Patients aged 12 years to 70 years and of both

3.

Patients of both seasonal and perennial types of allergic

Exclusion criteria
1.

Immuno-compromised patients including HIV positive patients and patients on
prolonged steroid use

2.

Patients of any chronic illnesses like CKD, TB,

3.

Any patient who has received immunotherapy for allergic

4.

Patients of severe Allergic

In a parallel study we followed 252 patients of allergic rhinitis in the hospital from September 2018 to
March 2020. Dietary intervention included omission of certain foods that were suspected to aggravate
allergic rhinitis e.g., tomatoes, peanuts, processed meat. etc and inclusion of certain type of foods
such as cinnamon etc (see Annexure 4). Patients were followed up weekly and their symptoms were
recorded. Patients were also followed up on phones if they could not come to hospital.

Results
This study was conducted on a total of 60 patients of age group varying from 14 years to 60 years.
Maximum number of patients fell into the age group of 20-30 years. Out of 60 patients, males were
36 (60%) and females were 24 (40%). The flowchart of the follow up is depicted in Figure 3. The mean
RCAT scores for each group are listed in Table 2(a), 2(b), 2(c) and 2(d) for intragroup comparison and
in Table 3 for intergroup comparison. The changes in scores with each visit are depicted graphical in
Figure 4.
While the mean RCAT values between visit 1 and visit 2 increased in both the groups, indication
improvement, the increase was found to be significant in the dietary modification (DM) group
(24.75%, p=0.007) and not significant in the control group (10.86%, p=0.092).
Between the second and the third visit, there was a further increase (15.89%) in the mean RCAT
value of the DM group. However, the mean RCAT value of the control group decreased (-4.69%)
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during the same time. While the intragroup changes in the mean RCAT value for neither of the two
groups was not significant, the difference between the improvement of the DM group and the
deterioration of the control group was significant (p=0.046).
There was an increase in the mean RCAT values for both the groups between visit 3 to visit 4. The
increase in the score of the DM group (10.29%) was relatively more than the increase (8.93%) in the
score of the control group, but neither of the two increases was significant.
The overall increase in the mean RCAT value between visit 1 to 4 was significant in the DM group
(69.66%, p=0.009) and the control group (28.79%, p=0.031), both. While this increase was
relatively more in the dietary modification group, the difference between the improvements was not
significant (p=0.115).
Table 2(a) - Intragroup Comparison Between Visit 1 And Visit 2
Dietary Modification Group

Control Group

Number of
Subjects

Mean

SD

Number of
Subjects

Mean

SD

RCAT- 1

14

14.43

3.63

19

16.47

3.95

RCAT- 2

14

18.00

3.44

19

18.26

5.00

t-value

3.20

t-value

1.78

p-value

0.007

p-value

0.092

Intragroup
Visit 1 - 2

Table 2(b) - Intragroup Comparison Between Visit 2 And Visit 3
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Dietary Modification Group

Control Group

Number of
Subjects

Mean

SD

Number of
Subjects

Mean

SD

RCAT- 2

9

16.78

2.44

14

18.29

4.63

RCAT- 3

9

19.44

3.88

14

17.43

3.76

t-value

2.18

t-value

0.80

p-value

0.061

p-value

0.439

Intragroup Visit
2-3

Table 2(c) - Intragroup Comparison Between Visit 3 And Visit 4
Dietary Modification Group

Control Group

Number of
Subjects

Mean

SD

Number of
Subjects

Mean

SD

RCAT- 2

7

19.57

3.41

9

17.33

3.54

RCAT- 3

7

21.57

5.06

9

18.89

4.37

t-value

1.73

t-value

1.58

p-value

0.134

p-value

0.154

Intragroup Visit
3-4

Table 2(d) - Intragroup Comparison Between Visit 1 And Visit 4
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Dietary Modification Group

Control Group

Number of
Subjects

Mean

SD

Number of
Subjects

Mean

SD

RCAT- 2

7

12.71

2.06

9

14.67

4.36

RCAT- 3

7

21.57

5.06

9

18.89

4.37

t-value

3.78

t-value

2.62

p-value

0.009

p-value

0.031

Intragroup Visit
1-4

The changes in SIGN score are listed in Table 4. The change in SIGN score between visit 1 and visit 2
was relatively more, indicating no improvement, in the control group (0.21±0.71) than that in the DM
group (0.07±0.73). The difference was not found to be statistically significant (p=0.733).
The changes in SIGN score from visit 2 to visit 3 and from visit 3 to visit 4 were relatively more in the
DM group (0.11±0.78, 0.29±0.76) than in the control group (0.00±0.68, 0.11±0.60). However, the
differences between the changes of the two groups were not found to be statistically significant
(p=0.829, p=0.606).
The overall change in SIGN score from visit 1 to visit 4 was relatively more in the DM group
(0.43±1.27) than in the control group (0.33±0.71), but the difference between these was not
statistically significant (p=1.000).
Table - 3 Intergroup comparison of RCAT
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Table 4 – Intergroup Comparison of Sign Scores
DIETARY
Time Intervals

MODIFICATION GROUP
Δ Mean
Sign Score

CONTROL GROUP

Δ Mean
Sign

SD

z-value

p-value

SD

Score

Day 1 - Day 3

0.07

0.73

0.21

0.71

0.682

0.733

Day 3 - Day 10

0.11

0.78

0.00

0.68

0.765

0.829

Day 10 - Day 15

0.29

0.76

0.11

0.60

0.552

0.606

Day 1 - Day 15

0.43

1.27

0.33

0.71

0.956

1.000

Over the course of the 4 visits, 23 and 21 patients were lost to in-person follow up for the DM group
and the control group, respectively. While the patients were omitted from the statistical analysis,
telephonic follow-up was done for all the patients that were lost to in-person follow-up. Fifteen
patients (65.21%) patients in the DM Group and nine patients (42.86%) in the control group
telephonically reported satisfactory improvement in their symptoms.
In the parallel study of 252 allergic rhinitis patients that were provided dietary counselling, 202
patients followed the diet. Out of the patients that followed the diet, 185 (91.58%) patients reported
satisfactory improvement in symptoms, while 17 (8.42%) reported no improvement in their
10

symptoms. All the 50 patients that did not follow the dietary suggestions did not report any relief in
symptoms [Fig. 6].
Interestingly, the patients who were relieved of symptoms of allergic rhinitis on dietary intervention,
remained symptoms free for almost 9 months. However, symptoms of rhinitis recurred in 85 patients.
They reported in OPD again and were counselled to follow dietary advice and all of them showed
marked improvement in their symptoms in next 6 months.

Discussion
The exclusion of DAO inhibitors, histamine rich foods, and histamine activators, and the inclusion of
foods suspected to be anti-histamic resulted in 91.58% of patients that followed the advice being
relieved of symptoms in the parellel study.
Without the inclusion of specific foods in the diet, just the exclusion of the DAO inhibitors, histaminerich foods and histamine-activator rich foods the in diet significantly improved patients’ conditions in
the DM group within 3-7 days, as compared to the control group. In fact, the condition of the control
group slightly worsened between day 3 and day 7. During the entire 15 days, from the first check to
the last follow-up, the DM group’s symptoms improved more significantly than those of the control
group. The DM group’s symptoms improved in a shorter span of time, and the overall improvement
was 2.09 times better than that of the control group.
These drastic improvements in the conditions of patients in the DM group may be attributed to the
fact that histamine and its precursor is largely available in the body through dietary intake14. Several
commonly consumed foods are sources of exogenous histamine which gets absorbed during
digestion. Moreover, histidine, the precursor of histamine, is a semi-essential amino acid as it is
mostly sourced through diet itself. Some of the ingested histidine likely gets converted to histamine in
the gut itself by the gastric enterochromaffin-like (ECL) cells, which are one of the top sources of
endogenous histamine 15,16.
Excluding foods containing DAO inhibitors and pro-histaminic foods from the diet of DM group might
have limited the absorption of dietary histamine as well as the histamine produced by the ECL cells.
Moreover, improved DAO activity throughout the body could have helped in degrading the
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endogenous histamine released in circulation from other cells as well. In this manner, the dietary
modification may have led to lower bioavailability of histamine and helped in significantly better
alleviation of symptoms in allergic rhinitis patients who followed the diet.
The dietary modification may also be coupled with other approaches such as probiotic supplement in
a personalized manner may promote a healthy gut microbiome by regulating those gut-bacteria that
produce histamine.
The improving RCAT scores and Anterior rhinoscopy scores in the dietary modification group suggests
that avoiding foods that are rich in histamine and histamine activators or inhibit diamine oxidase can
help to control rhinitis symptoms.
The exclusion of DAO inhibitors and pro-histamine foods from the diet could also be explored in other
severe conditions in which histamine is found to be elevated such as asthma. COVID-19 is also a
condition in which this approach could help, as histamine release is reported to contribute to the
inflammation induced by various types of coronavirus17. This approach may be particularly helpful as
DAO and HNMT are inhibited by chloroquine18,19, a drug currently being used in the treatment of
COVID-19. Decrease in HNMT and DAO activity implies lesser degradation of histamine. The
consequent further increase in histamine activity would fuel the cytokine storm that causes
pulmonary inflammation, mucous hypersecretion, pulmonary edema and fibrosis. In this manner, the
inhibition of histamine metabolising enzymes and the resulting increase in inflammatory cascades
might be contributing to the respiratory distress of COVID-19 patients. Thus, simple dietary
modification such as avoiding the consumption of foods rich in either histamine or histamineactivators (see Table 1) may help in the recovery of COVID-19 patients.

Conclusion
Despite the advances in otolaryngology, there is a great scope for improving the management of
common conditions such as Allergic Rhinitis and Asthma. The quality of life of patients gets hampered
as these conditions impair sleep quality and cognitive function which leads to further irritability and
fatigue.
The restriction in the intake of foods containing diamine oxidase inhibitors and pro-histaminic foods
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(viz. eggs, tomatoes, peanuts, fish, preserved meat etc.) seems to have a significant role in the
control of symptoms of allergic rhinitis, as indicated by the better improvement in the RCAT scores
and Anterior Rhinoscopy scores of the dietary modification group compared to that of the control
group.
This study highlights how simple dietary modification can alleviate symptoms faster and to a greater
extent than standard treatment alone. This is because diet is the primary source of all the raw
materials required for every reaction in the body.
While there is a need to further explore this approach with a bigger sample size, the employment of
such dietary modification alongside standard treatment does not seem to pose any risk as long as the
nutritional intakes of the patients remain adequate. Therefore, the dietary modification followed by
the patients in this study may be advised to patients of allergic rhinitis and other conditions with
elevated histamine levels, in addition to their standard treatments.
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Figure 1
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Figure 2
Histamine Degradation by HNMT & DAO
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Figure 3
Flowchart of Patient Follow-up
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Figure 4
Variation in Mean Rhinitis Control Assessment Test (RCAT) Scores

Figure 5
Percentage of Change in RCAT Score Between Visits
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Figure 6
Change of Sign Score Between Visits

Figure 7
Patient Outcomes in The Parallel Study
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