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Abstract
Background: There is controversy whether taking β- blockers or ACE inhibitors (ACEI) 
is a risk factor for more severe systemic insect sting reactions (SSR) and whether it in-
creases the number or severity of adverse events (AE) during venom immunotherapy 
(VIT).
Methods: In this open, prospective, observational, multicenter trial, we recruited pa-
tients with a history of a SSR and indication for VIT. The primary objective of this 
study was to evaluate whether patients taking β- blockers or ACEI show more sys-
temic AE during VIT compared to patients without such treatment.
Results: In total, 1,425 patients were enrolled and VIT was performed in 1,342 
patients. Of all patients included, 388 (27.2%) took antihypertensive (AHT) drugs 
(10.4% took β- blockers, 11.9% ACEI, 5.0% β- blockers and ACEI). Only 5.6% of 
patients under AHT treatment experienced systemic AE during VIT as compared 
with 7.4% of patients without these drugs (OR: 0.74, 95% CI: 0.43– 1.22, p = 0.25). 
The severity of the initial sting reaction was not affected by the intake of β- 
blockers or ACEI (OR: 1.14, 95% CI: 0.89– 1.46, p = 0.29). In total, 210 (17.7%) 
patients were re- stung during VIT and 191 (91.0%) tolerated the sting without 
systemic symptoms. Of the 19 patients with VIT treatment failure, 4 took β- 
blockers, none an ACEI.
Conclusions: This trial provides robust evidence that taking β- blockers or ACEI 
does neither increase the frequency of systemic AE during VIT nor aggravate 
SSR. Moreover, results suggest that these drugs do not impair effectiveness of 
VIT. (Funded by Medical University of Graz, Austria; Clinicaltrials.gov number, 
NCT04269629).

K E Y W O R D S
ACE inhibitor, adverse event, beta- blocker, systemic insect sting reaction, venom 
immunotherapy
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1  |  INTRODUCTION

Insect stings by Hymenoptera species are very common with data indi-
cating that 56.6– 94.5% of the general population has been stung at least 
once in their lifetime.1 Systemic sting reactions (SSRs) have been reported 
in 2.3– 5.4% of adults in European and US epidemiological studies.2- 4 
Hymenoptera venom allergy is a potentially life- threatening disease, and 
venom immunotherapy (VIT) is the only treatment that can potentially 
prevent further SSR.5 It is effective in 77– 84% of patients treated with 
honeybee venom6,7 and in 91– 96% of patients receiving vespid venom.6,7 
There are two well- established risk factors for severe SSR: higher age8- 10 
and elevated tryptase levels >11.4 mg/L indicating clonal mast cell disor-
ders.8,9,11 The major risk factor for systemic adverse events (AE) during VIT 
is treatment with bee venom.12,13 There has been an ongoing debate over 
decades whether antihypertensive (AHT) treatment with β- blockers and/
or ACE inhibitors (ACEI) is a risk factor for the development of more se-
vere SSR and whether it increases the number of (more severe) AE during 
VIT. The global prevalence of arterial hypertension in the adult population 
ranges from 26.4– 27.7%, and 40.7% of patients older than 35 years suf-
fer from hypertension.14,15 Overall, ACEI or angiotensin receptor blockers 
are the most commonly used blood pressure- lowering agents followed 
by diuretics and β- blockers in high- income countries.14 Given that higher 
age is a major risk factor for severe SSR, it is very likely that these pa-
tients also take antihypertensive medication. Replacing or discontinuing 
antihypertensive medication is cumbersome, time- consuming, and may 
even be harmful. This could prevent patients from receiving potentially 
life- saving VIT. Available data are controversial and invariably originate 
from case reports or studies with underpowered designs to evaluate the 
effect of antihypertensive drugs.8,16,17 We hypothesized that the risk of 
β- blockers and/or ACEI for AE during VIT could have been overestimated, 

and the alleged higher risk for more severe sting reactions could have 
been biased by patients’ age. We therefore initiated an open, prospective, 
observational, multicenter study, recruiting 1,425 patients in 26 centers 
from eight European countries.

2  | METHODS

2.1  | Objectives

The primary objective of this study was to evaluate whether patients 
under antihypertensive treatment with β- blockers or ACEI show 
more systemic AE during VIT compared with patients without anti-
hypertensive therapy.

Secondary objectives included the evaluation of whether pa-
tients under antihypertensive treatment (β- blockers or ACEI) have 
more severe SSR and whether prevalence of cardiovascular diseases 
or hypertension is associated with the risk of more severe SSR and 
more frequent systemic AE during VIT. Furthermore, we evaluated 
whether bee venom, high sIgE levels, high tryptase levels, or quicker 
up- dosing protocols are correlated with a higher frequency of sys-
temic AE. In addition, the effectiveness of VIT was monitored by the 
outcome of sting challenges or field stings, and these results were 
compared between patients with and without antihypertensive 
treatment.

2.2  |  Study design and oversight

The study was conducted as an open, prospective, observational, 
multicenter study (Clinicaltrials.gov number NCT04269629). 
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G R A P H I C A L  A B S T R A C T
Patients under antihypertensive treatment with β- blockers and angiotensin- converting enzyme inhibitor (ACEI) do not have a higher risk for 
severe insect sting reactions. The intake of β- blockers and ACEI does not increase the frequency of systemic adverse events during venom 
immunotherapy (VIT). Results suggest that β- blockers and ACEI do not impair VIT effectiveness.
Abbreviations: ACEI, angiotensin converting enzyme inhibitor; VIT, venom immunotherapy
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Patients were recruited in 26 centers in eight European countries. 
The study was approved by the ethics committee of the sponsor 
of the study (Medical University of Graz; approval no. 26– 442 ex 
13/14) as well as local ethics committees in each country, and pa-
tients gave their written, informed consent.

Legally competent male and female patients aged 35 to 85 years 
with a history of a SSR (≥ grade I according to the classification by Ring 
and Messmer18) were eligible for the study. Absolute contraindications 
to VIT according to the EAACI guidelines such as active multisystem 
autoimmune disorders, active malignant disease, and pregnancy5 as 
well as pre- treatment with omalizumab were exclusion criteria.

After giving their written informed consent, patients were in-
cluded after carefully reviewing all inclusion and exclusion criteria 
at Visit 1. All data concerning the index sting reaction, laboratory 
parameters like specific immunoglobulin E (sIgE) and tryptase levels, 
and skin test results were recorded as well as concomitant diseases 
and medication. If patients agreed to receive VIT, data concern-
ing the up- dosing phase (premedication, venom preparation, up- 
dosing protocol, systemic AE (classification by Ring and Messmer18), 
changes in concomitant diseases, and medication) were recorded at 

Visit 2. There was no standard up- dosing protocol used for VIT. All 
centers used their own in- house protocols including conventional, 
cluster, ultrarush, and rush protocols.5 One year after reaching the 
maintenance dose, Visit 3 was performed. At this visit, changes in 
premedication, venom preparation, concomitant diseases, and med-
ication were recorded as well as systemic AE during the maintenance 
phase and, if applicable, the outcome of field stings and/or sting 
challenges. No additional study- related visits were required. All pro-
cedures (diagnosis and treatment of Hymenoptera venom allergy) 
had to be in concordance with current EAACI guidelines5,19,20 and 
were conducted individually by each study center.

2.3  |  Statistics

2.3.1  |  Sample size calculation

It was assumed that 24% of the patients would be on β- blockers 
and/or ACEI. A χ2 test with a two- sided 5% significance level has 
an 80% power to detect the difference between the group without 

Visit 1 (n = 1,425)
pre- treatment

Visit 2 (n = 1,342)
up- dosing phase

Visit 3 
(n = 1,186)
maintenance 
phase

Age range (mean age) 
[years]

35– 80 (52) 35– 84 (54) 36– 85 (55)

Sex, n (%)

Male 810 (56.8) 774 (57.7) 679 (57.3)

Female 615 (43.2) 568 (42.3) 507 (42.7)

Grade of SSR (index sting), n (%)

Grade I 122 (8.6) .. ..

Grade II 700 (49.1) .. ..

Grade III 589 (41.3) .. ..

Grade IV 14 (1.0) .. ..

Antihypertensive treatment, n (%)

No medication 1,035 (72.6) 1,001 (74.6) 886 (74.7)

β- blockers 148 (10.4) 123 (9.2) 105 (8.9)

ACEI 169 (11.9) 159 (11.9) 136 (11.5)

β- blockers and ACEI 71 (5.0) 58 (4.3) 55 (4.6)

Cardiovascular disease, n (%)

No disease 845 (59.3) 801 (59.7) 715 (60.3)

Coronary heart disease 
or hypertension

571 (40.1) 533 (39.7) 463 (39.0)

Causal venom, n (%)

Bee 320 (22.5) 351 (26.2) 297 (25.0)

Vespid 838 (58.8) 923 (68.8) 829 (69.9)

Bee & vespid 206 (14.5) 67 (5.0) 57 (4.8)

Basal tryptase level, n (%)

≤11.4 µg/L 1,159 (81.3) 1,092 (81.4) 972 (82.0)

>11.4 µg/L 127 (8.9) 121 (9.0) 108 (9.1)

TA B L E  1  Demographic data. The 
percentages refer to the total number 
of observations. Missing data are not 
explicitly stated in the table. Age at Visit 
1 was the age at index sting, age at Visit 2 
was the age when venom immunotherapy 
was started
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antihypertensive medication with 6% systemic AE during VIT and 
the group on β- blockers and/or ACEI with 12.3% systemic AE during 
VIT (OR =2.2) when the sample sizes are 631 and 200 (a total sample 
size of 831), respectively. The drop- out rate included study drop- outs 
(30%) who did not start VIT and study drop- outs (10%) who did not 
finish VIT. This resulted in a drop- out rate of 37% and a required num-
ber of 1,319 patients.

2.3.2  |  Statistical analysis

All patients participating in this study belong to one of the following 
two groups for analysis: the group with antihypertensive treatment 
(β- blockers and/or ACEI) and the group without such treatment. 
The analyses concerning the outcome “systemic adverse event” are 
based on the patients who completed the up- dosing phase of immu-
notherapy, while analyses concerning the outcome “systemic sting 
reaction” are based on all patients included in the study.

The primary outcome and secondary outcomes were analyzed 
using logistic linear mixed models with a random intercept. This 
model type takes into account the clustered structure of the data, 
that is, observations clustered in the different participating centers. 
Parameters having a p- value < 0.15 in the univariable model analysis 
were kept for further analysis with multivariable models. For fur-
ther parameter reduction, the Bayesian information criterion (BIC) 
was calculated as a measure of the relative quality of the models. 
However, age and taking antihypertensive treatment were always 
kept in the multivariable models for the outcome “systemic adverse 
event” as well as for the outcome “systemic sting reaction.” For these 
outcomes, complete case model analyses were performed, if missing 
data in parameters of interest were rare (<1%). Otherwise, missing 
at random was assumed, and multiple imputations were conducted 
with 50 imputations taking into account the cluster design. The level 
of significance was set at 0.05.

All analyses were performed using the statistical software R 
(version 3.6.3) with the lme4 package (version 1.1- 23) to carry out 
multilevel modeling and the MICE package for the multiple imputa-
tion analysis (version 3.8.0).21,22

3  |  RESULTS

3.1  |  Patients

From August 2014 until January 2018, a total of 1,425 patients were 
included in the study: 330 of these patients were included in Austria, 
41 in the Czech Republic, 68 in Germany, 254 in Italy, 269 in Poland, 
279 in Slovenia, 44 in Spain, and 140 in Turkey. The demographic 
data of the patients are shown in Table 1. Seventy- five patients re-
fused VIT, and eight patients were lost to follow- up, and therefore, 
Visit 2 was performed with 1,342 patients. The majority of patients 
returned to the clinics for the first annual checkup; Visit 3 was per-
formed with 1,186 patients.

Of all patients included, 388 (27.2%) took antihypertensive 
drugs: 10.4% took β- blockers, 11.9% ACEI, and 5.0% β- blockers and 
ACEI, respectively. Ninety- three (7.0%) patients who underwent VIT 
had a systemic adverse event, and these reactions were predomi-
nantly mild (Table 2). Only one patient suffered from a Grade III reac-
tion with flush and bronchospasm. Large local reactions (LLR) were 
observed in 348 (26.3%) patients undergoing VIT.

3.2  |  Primary outcome

Of all patients who underwent VIT, 338 (25.2%) took β- blockers 
and/or ACEI. Only 19 (5.6%) patients, who were taking β- blockers 
or ACEI, experienced a systemic AE compared to 74 (7.4%) patients 
not taking such drugs resulting in an odds ratio (OR) of 0.74 (95% 

Grade I Grade II Grade III total

Adverse events, n (%) 54 (58.1) 38 (40.9) 1 (1.1) 93 (100.0)

Up- dosing protocol, n (%)

Conventional 2 (2.2) 3 (3.2) 0 (0.0) 5 (5.4)

Cluster, ultrarush 27 (29.0) 17 (18.3) 1 (1.1) 45 (48.4)

Rush 23 (24.7) 16 (17.2) 0 (0.0) 39 (41.9)

Premedication, n (%)

No 21 (22.6) 15 (16.1) 0 (0.0) 36 (38.7)

Yes 33 (35.5) 23 (24.7) 1 (1.1) 57 (61.3)

Tryptase level, n (%)

>11.4 µg/L 7 (7.5) 5 (5.4) 1 (1.1) 13 (14.0)

Treatment with β- blockers and/or ACEI, n (%)

No 43 (46.2) 30 (32.3) 1 (1.1) 74 (79.6)

β- blockers 1 (1.1) 3 (3.2) 0 (0.0) 4 (4.3)

ACEI 8 (8.6) 5 (5.4) 0 (0.0) 13 (14.0)

β- blockers and ACEI 2 (2.2) 0 (0.0) 0 (0.0) 2 (2.2)

TA B L E  2  Details of adverse events 
during VIT. The percentages refer to the 
total number of adverse events (n = 93). 
Missing data are not explicitly stated in 
the table. Classification according to Ring 
and Messmer18
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confidence interval (CI): 0.43– 1.22, p = 0.25; Table 3). In detail, 4 of 
123 (3.3%) had systemic AE taking β- blockers, 13 of 157 (8.3%) ex-
perienced systemic AE under ACEI treatment, and 2 of 58 (3.5%) had 
systemic AE taking β- blockers and ACEI (p = 0.15). All systemic AE 
in patients with antihypertensive treatment were mild- to- moderate 
reactions. The most severe reaction occurred in a patient not taking 
AHT drugs (Table 2).

3.3  |  Secondary outcomes

3.3.1  |  Adverse events

The prevalence of cardiovascular diseases or hypertension was no 
risk factor for systemic AE during VIT (p = 0.11). Bee venom caused 
more systemic AE during VIT: 13.0% of patients treated with bee 
venom had systemic reactions, but only 4.3% of patients treated 
with vespid venom (p < 0.001) (Table 3). We did not detect a sta-
tistically significant effect of elevated basal tryptase levels on the 
frequency of systemic AE during VIT: 6.8% of patients with normal 

tryptase levels compared with 10.8% of patients with elevated 
tryptase levels had systemic AE (p = 0.16). There was still no ef-
fect on systemic AE, when the analysis was performed separately 
for bee venom–  and vespid venom– allergic patients (p = 0.23 
and p = 0.18, respectively). Verified mastocytosis was also not a 
risk factor: Only 12.1% of patients with verified mastocytosis had 
a systemic reaction compared with 6.9% without mastocytosis 
(p = 0.41). Neither high sIgE levels to bee venom nor high sIgE levels 
to vespid venom correlated with a higher frequency of systemic AE 
during VIT (p = 0.99 and p = 0.15, respectively).

The severity of the initial sting reaction had no influence on 
the frequency of systemic AE during VIT: systemic AE occurred in 
51 (6.7%) patients with a previous Grade I or II reaction and in 42 
(7.4%) patients with a severe (Grade III or IV) initial sting reaction 
(p = 0.66). Premedication with oral non- sedative antihistamines was 
taken by half of the patients during the up- dosing phase, but this 
had no effect on the frequency of systemic AE (p = 0.07); however, 
the frequency of LLR was lower in patients taking premedication as 
compared with those not taking antihistamines (23.5% vs. 29.3%; 
p < 0.001).

TA B L E  3  Impact of decisive parameters on the frequency of systemic adverse events during VIT

Parameter Categories
No systemic 
reaction

Systemic 
reaction OR (95% CI)a  p- value OR (95% CI)b  p- value

Age at starting date of VIT 1240 (93.0) 93 (7.0) 0.98 (0.96– 1.00) 0.09 0.99 (0.96– 1.01) 0.20

Antihypertensive treatment 
with β- blockers and/or ACEI

No 920 (92.6) 74 (7.4) 1.00 0.25 1.00 0.61

Yes 319 (94.4) 19 (5.6) 0.74 (0.43– 1.22) 0.87 (0.49– 1.52)

Cardiovascular disease No 734 (92.1) 63 (7.9) 1.00 0.11 .. ..

Yes 498 (94.3) 30 (5.7) 0.69 (0.43– 1.08) ..

Bee venom No 879 (95.8) 39 (4.3) 1.00 <0.001 1.00 <0.001

Yes 360 (87.0) 54 (13.0) 3.39 (2.20– 5.27) 3.35 (2.17– 5.16)

Tryptasec  ≤11.4 µg/L 1010 (93.2) 74 (6.8) 1.00 0.16 .. ..

>11.4 µg/L 107 (89.2) 13 (10.8) 1.54 (0.83– 2.90) ..

Verified mastocytosisc  No 1,144 (93.1) 85 (6.9) 1.00 0.41 .. ..

Yes 29 (87.9) 4 (12.1) 1.71 (0.57– 5.14) ..

sIgE levels (bee venom) >0.35– 3.5 kU/l 96 (85.0) 17 (15.0) 1.00 0.99 .. ..

>3.5– 17.5 kU/l 97 (85.1) 17 (14.9) 0.97 (0.46– 2.06) ..

>17.5 kU/l 45 (84.9) 8 (15.1) 0.92 (0.34– 2.31) ..

sIgE levels (vespid venom) >0.35– 3.5 kU/l 270 (94.1) 17 (5.9) 1.00 0.15 .. ..

>3.5– 17.5 kU/l 281 (96.9) 9 (3.1) 0.52 (0.22– 1.17) ..

>17.5 kU/l 148 (97.4) 4 (2.6) 0.42 (0.12– 1.17) ..

Grading Ring- Messmer (initial 
sting reaction)

1&2 714 (93.3) 51 (6.7) 1.00 0.66 .. ..

3&4 526 (92.6) 42 (7.4) 1.10 (0.72– 1.69) ..

Premedication with 
H1- antihistamine

No 606 (94.3) 37 (5.8) 1.00 0.07 .. ..

Yes 634 (91.9) 56 (8.1) 1.67 (0.96– 3.18) ..

Up- dosing protocol Conventional 104 (95.4) 5 (4.6) 1.00 0.50 .. ..

Rush, cluster, 
ultrarush

1128 (93.1) 84 (6.9) 1.40 (0.54– 4.23) ..

ano adjustments. 
bmultivariable model. 
cData imputation for univariable model. 
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Quicker up- dosing protocols (conventional vs. rush, cluster, 
and ultrarush) did not cause more frequent systemic AE during VIT 
(p = 0.50). Nevertheless, large local reactions were seen more fre-
quently when quicker up- dosing protocols were used (OR: 8.72; 95% 
CI: 3.59– 24.37; p < 0.001).

The parameters age at starting date of VIT, antihypertensive 
treatment, and bee venom were kept for further analysis in a mul-
tivariable model: The risk of a systemic adverse event during VIT 
was still 3.4 times (OR 3.35; 95% CI: 2.17– 5.16) higher for patients 
treated with bee venom, compared with patients treated with vespid 
venom (p < 0.001).

A separate data analysis for bee and vespid VIT regarding the 
parameters age and antihypertensive treatment did not lead to dif-
ferent results: There was still no effect on the frequency of systemic 
AE.

During the first year of the maintenance phase, systemic AE oc-
curred in only 20 (1.7%) patients. Systemic adverse reactions were 
mild or moderate in 17 patients; three bee venom– allergic patients 
had a Grade III reaction with loss of consciousness or bronchospasm. 
None of them took β- blockers or ACEI, but one patient with loss of 
consciousness suffered from systemic mastocytosis. Taking AHT drugs 
did not increase the frequency of systemic AE (p = 0.99). The intake of 
antihistamine premedication decreased from about 50.0% during the 
up- dosing phase to about 20.0% during the maintenance phase.

3.3.2  |  Systemic sting reactions

Taking β- blockers or ACEI had no influence on the severity of the 
initial sting reaction: 41.7% of patients not taking AHT drugs and 
44.1% of patients under antihypertensive treatment had a severe 
SSR (Grade III or IV; p = 0.29) (Table 4). The proportions of severe 
SSR did not differ significantly between patients taking β- blockers, 

ACEI, and β- blockers and ACEI with 43.9, 47.9, and 35.2% respec-
tively (p = 0.14). The prevalence of cardiovascular diseases or hyper-
tension appeared to be a risk factor (p = 0.04). However, this result 
was biased by patients’ age; when patients’ age was taken into con-
sideration, the effect of cardiovascular disease on the severity of 
SSR vanished (p = 0.91).

We additionally investigated whether bee venom or elevated 
basal tryptase levels or verified mastocytosis are associated with 
more severe SSR. Severe sting reactions occurred in 43.4% of pa-
tients stung by bees and 41.8% of patients reacting to vespid stings 
(p = 0.50). Elevated basal tryptase levels were associated with more 
severe sting reactions: 42.0% of patients with normal tryptase lev-
els but 63.8% with elevated tryptase levels had a systemic reaction 
Grade III or IV (OR: 2.37; 95% CI: 1.61– 3.50; p < 0.001). The risk 
for a severe reaction was even 3.7- fold higher for patients with 
verified mastocytosis compared to patients without mastocytosis 
(p < 0.001).

The parameters age at index sting, treatment with β- blockers or 
ACEI, and tryptase levels were further analyzed in a multivariable 
model: Antihypertensive treatment still had no influence on the 
severity of the initial sting reaction (OR: 0.95; 95% CI: 0.72– 1.24; 
p = 0.70), and patients with elevated basal tryptase levels still had 
a 2.4 times higher risk of developing a severe SSR compared with 
patients with normal tryptase levels (p < 0.001).

3.3.3  |  Effectiveness of VIT

The effectiveness of VIT can solely be monitored by the out-
come of sting challenges or field stings. Sting challenges were 
performed in 18 patients; 192 patients experienced field stings 
within the first year of the maintenance phase. In total, 210 
(17.7%) patients were stung, and 91.0% of patients tolerated the 

TA B L E  4  Impact of decisive parameters on the severity of the systemic (index) sting reactions

Parameter categories Grade 1&2 Grade 3&4 OR (95% CI)a  p- value OR (95% CI)b  p- value

Age at index sting 822 (57.7) 603 (44.3) 1.02 (1.01– 1.04) <0.001 1.02 (1.01– 1.04) <0.001

Antihypertensive 
treatment with β- 
blockers and/or ACEI

no 603 (58.3) 432 (41.7) 1.00 0.29 1.00 0.70

yes 217 (55.9) 171 (44.1) 1.14 (0.89– 1.46) 0.95 (0.72– 1.24)

Cardiovascular disease no 502 (59.4) 343 (40.6) 1.00 0.04 .. ..

yes 313 (54.8) 258 (45.2) 1.27 (1.01– 1.60) ..

Bee venomc  no 488 (58.2) 350 (41.8) 1.00 0.50 .. ..

yes 298 (56.7) 228 (43.4) 0.92 (0.72– 1.17) ..

Tryptasec,d  ≤ 11.4 µg/L 672 (58.0) 487 (42.0) 1.00 <0.001 1.00 <0.001

> 11.4 µg/L 46 (36.2) 81 (63.8) 2.37 (1.61– 3.50) 2.43 (1.63– 3.64)

Verified mastocytosisc  no 765 (58.3) 548 (41.7) 1.99 <0.001 .. ..

yes 11 (29.7) 26 (70.3) 3.73 (1.74– 7.98) ..

ano adjustments. 
bmultivariable model. 
cData imputation for univariable model. 
dData imputation for multivariable model. 
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sting without systemic symptoms. Thirty- four (16.2%) patients 
suffered from a LLR. Of the patients with SSR, 12 experienced 
a grade I reaction, and among these, two took β- blockers. Five 
patients had a grade II reaction, and one of them took a β- blocker, 
while two had a Grade III reaction, and one patient took a β- 
blocker. None of the patients with therapy failure took an ACEI. 
191 patients tolerated the sting; among these, 20 (10.5%) took a 
β- blocker, 23 (12.0%) an ACEI, and 10 (5.2%) both drugs. Taking 
antihypertensive drugs did not increase the risk for therapy fail-
ure (p = 0.72).

4  | DISCUSSION

This open, prospective, observational, multicenter study is the first 
multicenter study primarily focusing on the potential effect of β- 
blockers and ACEI on systemic AE during VIT and the severity of 
SSR. It is by far the largest study, with 388 insect venom– allergic 
patients under antihypertensive drugs, and the first study with ap-
propriate sample size estimation to calculate the patients’ risk. It 
therefore provides robust evidence that taking β- blockers or ACEI 
does not increase the risk of systemic AE or aggravate sting reac-
tions in patients with insect venom allergy.

Available data so far originated from studies with underpowered 
designs to evaluate the effect of antihypertensive drugs.8,12,15- 17 
Previously published reports evaluating the influence of β- blockers 
on AE have already shown that β- blocker medication was not asso-
ciated with a higher prevalence of (more severe) systemic AE12,23- 25; 
however, although usually hundreds of patients were included, the 
low number of patients under β- blocker therapy provided only sta-
tistically fragile evidence. We could now show that in 181 patients, 
taking β- blockers did not increase the risk for systemic AE, and if AE 
occurred, they were not more severe.

Taking ACEI was reported to be an independent predictor for 
systemic AE26 and temporary discontinuation of ACEI therapy was 
recommended.27 However, ACEI also appeared to be safe with 
VIT,25 and although one small study reported more severe AE in 
patients taking ACEI, no significant difference in the number of 
treatment doses of epinephrine was observed.28 Another study 
reported an even lower frequency of AE in patients taking antihy-
pertensive treatment, although not statistically significant.29 This 
is in agreement with our results; VIT was safe in patients taking 
ACEI.

Whether β- blockers and ACEI are able to aggravate anaphylaxis 
is still a controversial issue. A systematic review and meta- analysis 
revealed that evidence of an increased risk of more severe ana-
phylaxis in patients who take β- blockers and ACEI was tenuous 
owing to the heterogeneous control of confounding variables.30 
Importantly, higher age is an established risk factor for more severe 
sting reactions.8- 10 Previous data had already suggested that older 
patients are more likely to take β- blockers and ACEI and that older 
age was the relevant predictor for severe anaphylaxis16 or SSR.9 We 

were able to demonstrate in 219 patients taking β- blockers and in 
240 patients taking ACEI that higher age, but not taking antihyper-
tensive drugs, was a major risk factor for severe anaphylaxis. This is 
in conflict with data from the anaphylaxis registry of the German- 
speaking countries: In the first report,17 a moderately increased risk 
for more severe anaphylaxis particularly in patients taking both, β- 
blockers and ACEI, was detected. More recently,31 it was reported 
that patients receiving β- blockers and ACEI had a higher risk of 
developing severe cardiovascular symptoms during venom- induced 
anaphylaxis. There may be several reasons explaining the different 
findings. Most importantly, due to the previous strict recommenda-
tion of stopping β- blockers and ACEI in insect venom– allergic pa-
tients, these drugs were only maintained in highly selected patients 
with severe cardiovascular problems. Those patients may have 
more severe SSR caused by their underlying disease but not by the 
intake of their medication. No adjustment was made for cardiovas-
cular diseases as a potential confounder. Furthermore, they did not 
state the exact number of patients taking β- blockers and ACEI in 
both reports. One could speculate that if the patient number was 
small, a random effect could have been observed due to the under-
powered study design.

It was also hypothesized that AE could be refractory to emer-
gency treatment and that epinephrine may cause paradoxical treat-
ment effects due to concomitant β- blocker therapy.32 Recent data 
suggest that patients with β- blockers do not require increased doses 
of epinephrine.33 In our study, epinephrine was rarely used to treat 
AE, indicating that VIT was very safe. In detail, in 19 patients, epi-
nephrine was administered to treat low- to- moderate adverse reac-
tions. It is, however, important to note that only two patients taking 
β- blockers required epinephrine: one had a Grade I reaction and 
was taking β- blockers and ACEI, the other had a Grade II reaction 
and was only taking a β- blocker. Importantly, these patients toler-
ated emergency treatment well and responded quickly. Therefore, 
the beneficial effects of β- blockers by far outweigh the hypothetical 
negative effects.

Treatment with ACE inhibitors or β- blockers during VIT was con-
sidered as contraindicated for years; therefore, ACEI and β- blocker 
therapy was usually stopped and only maintained in patients with 
severe cardiovascular diseases. These highly selective samples of 
patients may have biased previous study results. Over recent years, 
guidelines have become less restrictive, resulting in more patients 
taking antihypertensive drugs with VIT. This may explain why older 
studies sometimes reported a higher risk for AE,12 while more re-
cent data suggested that taking ACEI and β- blockers is safe.25 The 
situation is similar in terms of the effectiveness of VIT: While one 
study reported a higher risk of VIT failure in a small number of highly 
selected patients,7 others did not detect such a risk.29,34 In our study, 
the effectiveness of VIT was comparable in patients with or without 
antihypertensive drugs. Interestingly, none of the patients who re-
lapsed took ACEI.

Patients treated with bee venom had an approximately 3- fold 
higher risk for systemic AE. This is in accordance with previously 
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published data of multicenter studies.12,35 We could also show in 
a large number of patients receiving VIT that elevated basal trypt-
ase levels and mastocytosis were no risk factors for systemic AE. It 
is also already known that patients with mastocytosis usually tol-
erate VIT well.36 Interestingly, we calculated almost the same OR 
for systemic AE in patients with elevated serum tryptase (OR 1.54) 
compared to a previously published multicenter study (OR 1.56).12 
While the risk was statistically significant in the study by Rueff 
et al.,12 we did not observe such a risk. We did not use logarithmic 
transformation of data, which may explain the different statistical 
outcomes. Additionally, we could confirm that severe sting reac-
tions12,35 and high specific IgE25 did not influence the frequency of 
systemic AE.

Limitations of the study: The number of patients who experi-
enced more severe AE during VIT requiring epinephrine treatment 
was very low. Only two patients taking β- blockers received epi-
nephrine and no conclusion can be drawn as to whether epinephrine 
was less effective or caused paradoxical effects in patients taking 
β- blockers.

The effect of age on the severity of SSR may have been under-
estimated in our study. Only patients aged 35 to 85 years were in-
cluded because it was assumed that 24% of this age group would 
take β- blockers or ACEI. We still observed an age effect. However, 
we could not compare severity of SSR between our age group and 
younger patients. Monitoring VIT effectiveness by sting challenge 
was optional for study centers and the evaluation was primarily 
based on the reported outcome of field stings. Therefore, results 
should be interpreted with caution, as patients may not have cor-
rectly identified the stinging insect.

This study provides robust evidence that β- blockers and ACEI do 
not increase the frequency of systemic AE during VIT. The number 
of AE was even lower compared with patients not taking antihyper-
tensive treatment (5.6% and 7.4%, respectively; OR: 0.74; CI: 0.43– 
1.22); moreover, β- blockers and ACEI did not aggravate the severity 
of insect sting reactions.
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