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Abstract 26 

Background:  27 

High alcohol consumption is associated with high IgE levels in observational studies; however, 28 

whether high alcohol consumption leads to high IgE levels and allergic disease is unclear. 29 

Objective: 30 

We tested the hypothesis that high alcohol consumption is associated with high IgE levels and with 31 

allergic disease, observationally and genetically using a Mendelian randomization design free of 32 

reverse causation and largely free of confounding. 33 

Methods: 34 

Among 111,408 individuals aged 20-100 from the general population, 50,019 had plasma IgE 35 

measurements and 102,270 were genotyped for alcohol metabolizing enzymes ADH-1B(rs1229984) 36 

and ADH-1C(rs698). Observationally we investigated the associations between IgE levels and 37 

allergic disease (allergic asthma, rhinitis, and eczema) and between alcohol consumption and IgE 38 

levels and allergic disease. Genetically, we explored potential causal relationships between alcohol 39 

consumption and IgE levels and allergic disease. 40 

Results: 41 

The multivariable adjusted odds ratio for IgE levels above versus below 150 kU/L and compared to 42 

individuals without allergic disease was 2.3 (95% CI:2.2-2.5) for 1 allergic disease, 3.9 (3.5-4.4) for 43 

2 allergic diseases, and 7.5 (6.2-9.0) for 3 allergic diseases. High alcohol consumption was 44 

associated with high IgE levels, but not with high risk of allergic disease. The odds ratio for high 45 

versus low IgE levels per 1 alcoholic drink/week higher consumption was 1.12 (95% CI:1.02-1.23) 46 

genetically and 1.01 (1.01-1.02) observationally; for allergic disease the corresponding odds ratios 47 

were 0.95 (0.92-0.99) genetically and 1.00 (1.00-1.00) observationally. 48 
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Conclusion: 49 

High alcohol consumption is associated observationally and genetically with high IgE levels, but 50 

not with high risk of allergic disease.  51 

 52 

Key words:  53 

Ethanol; Asthma; Rhinitis; Eczema; Immunoglobulin E; Alcohol Dehydrogenase; Mendelian 54 

Randomization; General Population 55 

 56 

Key messages: 57 

High alcohol consumption does not lead to allergic disease 58 

High alcohol consumption may explain high IgE levels, in individuals with or without allergic 59 

disease.  60 

 61 

Abreviations used: 62 

IgE: Immunoglobulin E 63 

ADH-1B Alcohol dehydrogenase 1B 64 

ADH-1C Alcohol dehydrogenase 1C 65 

TH1 T helper cell 1 66 

TH2 T helper cell 2 67 

  68 
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Capsule Summary: 69 

In this study of the general population including 111,408 individuals, we found that high alcohol 70 

consumption is associated observationally and genetically with high IgE levels, but not with high 71 

risk of allergic disease.   72 
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Introduction 73 

Immunoglobulin E (IgE) specific to allergens is thought to play an important role in the 74 

pathogenesis of allergic diseases such as allergic asthma, allergic rhinitis, and allergic eczema(1). 75 

Thus, high total IgE levels in plasma might be a useful marker of allergic disease in individuals in 76 

the general population, considering that total IgE levels often are elevated in patients with versus 77 

without allergic disease(2) and as higher levels of specific IgE are associated with more severe 78 

allergic disease(3;4). Interestingly, moderately high alcohol consumption as well as alcoholism 79 

possibly are associated with high levels of IgE(5-12). Taken together, these observations illustrate 80 

that high alcohol consumption may lead to high IgE levels as well as to allergic disease. This is a 81 

very important question to address, given the high consumption of alcohol in many countries 82 

coupled with the current increase in allergic diseases worldwide(13). However, whether high 83 

alcohol consumption directly leads to high IgE levels and to allergic disease is unclear, particularly 84 

as the observational association referred to above could be explained by confounding and/or reverse 85 

causation.   86 

To better address these important questions, large-scale, well-adjusted observational 87 

studies can be coupled with Mendelian randomization studies(14;15). In the latter, naturally 88 

occurring genetic variation in human populations can be used as proxies for adulthood high and low 89 

alcohol consumption, largely free of confounding and certainly free of reverse causation (Figure 1). 90 

This is because genotypes are distributed at random at conception, irrespective of the lifestyle 91 

adopted and diseases developed later in life by an individual. Specifically, Mendelian 92 

randomization can be used to investigate possible causal relationships of high alcohol consumption 93 

with high IgE levels and with risk of allergic diseases, using genetic variants in two alcohol 94 

dehydrogenase genes (ADH-1B, ADH-1C) known to be causally associated with high alcohol 95 

consumption(14-16). ADH-1B.2 and ADH-1C.1 encode proteins with fast alcohol degradation, 96 
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while ADH-1B.1 and ADH-1C.2 encode proteins with slow alcohol degradation. Mechanistically 97 

then, people with fast alcohol degradation have higher levels of acetaldehyde within cells and 98 

people with such genetic predisposition in consequence tend to feel more discomfort when 99 

consuming alcohol, and therefore consume less alcohol than people with slow alcohol 100 

degradation(17). A Mendelian randomization study can be compared to a randomized controlled 101 

trial. In a randomized controlled trial (Figure 1), study participants are randomized to either control 102 

or active treatment (low or high alcohol consumption), independent on other factors, securing that 103 

the two study groups have similar distributions of confounders. Using this study design, reverse 104 

causation is not possible since the outcome cannot affect randomization. Similar to that, the genes 105 

used in Mendelian randomization studies are randomly distributed at birth and therefore not 106 

affected by lifestyle adopted and diseases developed later in life. Like the randomized controlled 107 

trial, Mendelian randomization studies are not at risk of reverse causation (Figure 1). Unlike the two 108 

types of studies mentioned, in observational studies it is crucial to adjust for all possible 109 

confounders and even if all confounders are adjusted for, it is still possible that the results are 110 

caused by confounding and/or reverse causation. In summary, Mendelian randomization studies 111 

have several strengths compared to classic observational studies: first, it is not subject to 112 

confounding and reverse causation and, second, it is based on genes associated life-long with risk 113 

factors. Therefore it is possible to study causality using the Mendelian randomization study design.  114 

We tested the hypothesis that high alcohol consumption is associated with high IgE 115 

levels and with allergic diseases in the general population, observationally and genetically. For this 116 

purpose, we studied 111,408 individuals from the Copenhagen General Population Study and the 117 

Copenhagen City Heart Study, using a Mendelian randomization design including both 118 

observational and genetic associations. Genetic association using ADH-1B and ADH-1C variants as 119 

a proxy for adulthood high alcohol consumption can address potential causal associations as 120 
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genotypes generally are unrelated to classical confounding factors, and as reverse causation is not 121 

an issue, that is, high IgE levels and allergic disease cannot change a person’s genotype(18).    122 

  123 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

9 
 

Methods 124 

Study population 125 

We used the Copenhagen General Population Study and the Copenhagen City Heart Study(19-22). 126 

In both studies individuals aged 20-100 years were recruited from the counties in and around 127 

Copenhagen by random selection from the Danish Civil Registration System, to represent the 128 

Danish general population. There was no overlap of participants in the two studies. Information was 129 

obtained from self-administered questionnaires reviewed with an investigator on the day of 130 

attendance, physical examinations, and from blood drawn for biochemical analysis and genotyping.   131 

A total of 111,408 Whites of Danish descent, 99,137 from the Copenhagen General 132 

Population Study and 12,271 from the Copenhagen City Heart Study, were included in the study. 133 

Of these, 106,664 had information on alcohol consumption, 50,019 had measurements of plasma 134 

IgE, and 102,270 were genotyped for ADH-1B (rs1229984) and ADH-1C (rs698).  135 

All participants gave written informed consent. The study was approved by Herlev 136 

and Gentofte Hospital and by Danish ethical committees.  137 

 138 

Alcohol consumption 139 

Information on weekly alcohol consumption was obtained from questionnaires, where participants 140 

reported average weekly consumption of bottles of beer and standard glasses of wine and spirits, 141 

assuming that each drink was the size of a standard dink containing 12 g of pure alcohol. Alcohol 142 

consumption was then calculated in drinks/week; we asked participants about weekly alcohol 143 

consumption rather than daily consumption as alcohol consumption may differ between weekends 144 

and during the week.. Information on lifetime abstinence was not available, and participants 145 

reporting no weekly consumption would be expected to be a mixture of lifetime abstainers and 146 

those giving up alcohol.  147 
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Allergic disease 148 

Information on allergic disease, that is, allergic asthma, allergic rhinitis, and allergic eczema, was 149 

obtained through the questionnaire. In the Copenhagen General Population Study participants were 150 

asked the following question: “Does food, medicine, grass, flowers, animal hair or other things 151 

trigger asthma (yes/no), rhinitis (yes/no), or eczema (yes/no)?” Such information was not available 152 

for participants in the Copenhagen City Heart Study.  153 

 154 

Covariates 155 

Through the questionnaire, smoking behaviour was reported as smoking status (current, former, 156 

never) and years of smoking, and smoking amount was reported as average number of cigarettes, 157 

cheroots, cigars and packages of pipe tobacco consumed per day. Based on this information amount 158 

of daily smoking was calculated as number of cigarettes or equivalent smoked per day, and total 159 

amount ever smoked was calculated as pack-years, where one pack-year is 20 cigarettes or 160 

equivalent smoked daily for one year.  161 

Information on educational level and civil status was obtained through the 162 

questionnaire, while body mass index (BMI) was calculated from measured weight (kg) divided by 163 

the square of measured height (m2).  164 

Information on physical activity was obtained from questionnaire. Physical activity at 165 

work was reported in five categories: “mainly sitting”, “sitting, standing, walking”, “walking and 166 

lifting”, “heavy workload”, and “not working”. Physical activity during leisure time was reported in 167 

four categories: “< 2 hours/week”, “2-4 hours/week”, “> 4 hours light training per week”, and “> 4 168 

hours heavy training per week”. 169 

 170 
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IgE measurements 171 

Total plasma IgE was measured from either frozen or fresh plasma samples, as described 172 

previously(23). In the Copenhagen City Heart Study, 10,251 samples were frozen at -20◦C 173 

immediately after blood draw in 1981-1983 and stored until measurements were conducted in 2009-174 

2011. They were analysed using the ADVIA Centaur® Total IgE quantitative assay. In the 175 

Copenhagen General Population Study, 8,102 samples frozen at -80◦C immediately after blood 176 

draw in 2003-2004 were analysed in 2011-2012. Finally, 32,062 measurements from the 177 

Copenhagen General Population Study were made on fresh samples. All samples from the 178 

Copenhagen General Population Study were analysed using the Diasys Immunoglobulin E FS 179 

assay. Due to the differences in the assay methods and storage conditions used, results obtained 180 

from the two set of frozen samples were adjusted slightly according to the distribution of results 181 

from the fresh samples to make the measurements comparable. However, if statistical analyses were 182 

conducted on raw IgE measurements, the results were similar to those presented. Importantly, the 183 

selection of individuals for IgE measurement was completely random and was only determined by 184 

when it was possible to measure this large number of individuals; thus, no systematic bias was 185 

introduced in the selection of individuals for IgE measurements. 186 

 187 

Genotyping 188 

DNA was isolated from whole blood. The ADH-1B and ADH-1C genotypes were identified using 189 

TaqMan assays(24) in the Copenhagen General Population Study and using Nanogen 190 

technology(16;25) in the Copenhagen City Heart Study. The minor allele frequency was 2% for 191 

ADH-1B and 42% for ADH-1C with similar distributions in the two studies. The linkage 192 

disequilibrium coefficient D’ was 0.87 and r2 was 0.01 between the two genotypes. The genotype 193 

distributions did not differ from Hardy Weinberg equilibrium in either study (all p > 0.05). 194 
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Individuals were further divided into four groups of genotype combinations based on 195 

alcohol dehydrogenase activity: fast metabolizers, intermediate-fast, intermediate-slow and slow 196 

metabolizers, as done previously(26) (Supplementary Table 1). 197 

 198 

Statistical analyses 199 

We used Stata version 13.1.  200 

 201 

Observational analyses 202 

Allergic disease and IgE 203 

To examine the association between allergic disease and IgE levels, individuals were given an 204 

allergic disease score according to self-reported prevalence of allergic asthma, allergic rhinitis, 205 

and/or allergic eczema (no allergic disease, 1 allergic disease out of 3, 2 out of 3, or all 3 allergic 206 

diseases); however, we also examined each of the three allergic diseases separately. Total IgE levels 207 

were assessed both as a continuous variable and as a dichotomous variable; however, previous 208 

studies have been inconsistent regarding the optimal cut-off value for total IgE. Thus, we calculated 209 

odds ratios for allergic disease with different cut-off values of IgE levels (Supplementary Figure 1), 210 

showing levelling off of odds ratios at 120 kU/L and at 170 kU/L. Based on this data, we chose the 211 

cut-off value of 150 kU/L being largely midway between these two values and as sensitivity would 212 

be lost at higher cut-off values and specificity would be lost at lower cut-off values. Logistic 213 

regressions calculated multivariable adjusted odds ratios with 95% confidence intervals for high 214 

versus low IgE levels with individuals with no allergic disease as the reference group. Multivariable 215 

adjustment was for sex, age, BMI, smoking status, civil status, and educational level, because these 216 

variables have previously been associated with allergic disease and/or alcohol consumption. Since 217 

IgE levels were skewed toward higher levels, log-transformed IgE levels were used to calculate the 218 
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geometric mean and corresponding confidence interval after back transformation for each allergic 219 

disease score and for individual allergic diseases with a 95% confidence interval.  220 

Alcohol consumption and IgE 221 

To examine the association between alcohol consumption and IgE levels, individuals were divided 222 

into 6 categories according to self-reported weekly alcohol consumption: 0, 1-6, 7-13, 14-20, 21-27, 223 

and ≥28 drinks/week. Logistic regressions were performed to calculate multivariable adjusted (as 224 

above) odds ratios for high versus low IgE levels with 95% confidence interval; as individuals 225 

reporting no alcohol consumption would be comprised of true abstainers and those giving up 226 

alcohol, individuals drinking 1-6 drinks/week was used as the reference group. Similarly to the 227 

analysis of allergic disease and IgE levels, geometric means were calculated for each of the alcohol 228 

consumption groups. Test for trend was by logistic regression on a continuous scale. 229 

Alcohol consumption and allergic disease 230 

To examine the association between alcohol consumption and allergic disease, individuals were 231 

divided into those with and without allergic disease to obtain maximal statistical power; these 232 

analyses were also stratified for sex, median age, and smoking status to examine robustness of the 233 

finding. Multivariable adjusted (as above) odds ratios for allergic disease were calculated for each 234 

of the alcohol consumption groups compared to those drinking 1-6 drinks/week. Test for trend was 235 

by logistic regression on a continuous scale. 236 

 237 

Genetic analyses 238 

To investigate a potential causal relationship between alcohol consumption and IgE levels and 239 

allergic disease, we conducted a study in steps according to the Mendelian randomization studies 240 

approach(27). We first examined whether alcohol consumption was observationally associated with 241 

high levels of IgE and with allergic disease, as described above.  242 
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Genotype and alcohol consumption 243 

We then examined whether the ADH genotypes were associated with differences in alcohol 244 

consumption. The association between alcohol consumption and the individual genotypes were 245 

investigated as well as the association between alcohol consumption and the four genotype 246 

combination groups.   247 

Genotype and IgE 248 

Next, we examined whether the genotype combination groups were associated with high levels of 249 

IgE. Age and sex adjusted logistic regressions calculated odds ratios with 95% confidence intervals 250 

with fast metabolizers as the reference group; because genotype is unrelated to measured potential 251 

confounders, we adjusted only for age and sex.  252 

Genotype and allergic disease 253 

Likewise, we examined whether the genotype combination groups were associated with high risk of 254 

allergic disease. Age and sex adjusted logistic regressions calculated odds ratios with 95% 255 

confidence intervals with fast metabolizers as the reference group.  256 

 257 

Genetic versus observational estimates 258 

Finally, we performed an instrumental variable analysis to explore the magnitude of the relationship 259 

between alcohol consumption and high IgE levels as well as with allergic disease. In a two-stage 260 

regression model we estimated the causal effect of an increase of 1 alcoholic drink/week. The first 261 

stage was a linear regression of genotype combination on levels of alcohol consumption. F-statistics 262 

greater than 10 indicates sufficient statistical strength to carry out an instrumental variable analysis 263 

and R-square indicates the effect of the genotype combination on outcome(18); for genotype 264 

combination groups we observed F=12.5 and R2=0.0009; although this is a relativle low R2 we still 265 

had sufficient power to demonstrate that alcohol consumption influences IgE levels (see Results) In 266 
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the second stage, we performed a logistic regression to calculate odds ratios with 95% confidence 267 

intervals for high versus low IgE levels and for risk of allergic disease, for each genetically 268 

determined increase in 1 alcoholic drink/week, and compared this estimate with the corresponding 269 

observational estimate. 270 

  271 
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Results 272 

 273 

Baseline characteristics  in the combined study population of 111,480 individuals as well as of those 274 

included in the observational analyses and in the genetic analyses were largely similar (Table I, 275 

Figure 2).  276 

 277 

Observational analyses 278 

Allergic disease and IgE 279 

The multivariable adjusted odds ratio for IgE levels above versus below 150 kU/L and compared 280 

with individuals without allergic disease was 2.3 (95% CI: 2.2-2.5) for those with 1 allergic disease, 281 

3.9 (3.5-4.4) for 2 allergic diseases, and 7.5 (6.2-9.0) for those with 3 allergic diseases (Figure 3). 282 

The geometric mean levels for IgE was 18 (16-20) for those without allergic disease, 32 (30-34) for 283 

those with 1 allergic disease, 43 (41-45) for those with 2 allergic diseases, and 74 (72-76) for those 284 

with 3 allergic diseases. Baseline characteristics of the study population used in these analyses are 285 

shown in Supplementary Tables 2 and 3.  286 

 287 

Alcohol consumption and IgE  288 

High alcohol consumption was associated with high levels of IgE, overall as well as separately in 289 

those with and without allergic disease (Figure 4). For the dichotomous analysis of high versus low 290 

IgE levels and compared to those drinking 1-6 drinks/week, the odds ratios increased from 0.90 (95 291 

% CI: 0.81-1.01) for those not drinking to 1.70 (1.51-1.91) for those drinking ≥ 28 drinks/week (p-292 

value for trend across 6 groups of < 0.001). Also, the mean IgE levels increased with increasing 293 

amount of alcohol consumption, overall as well as separately for those with and without allergic 294 
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disease. Baseline characteristics of the study population included in these analyses are shown in 295 

Supplementary Table 4.  296 

 297 

Alcohol consumption and allergic disease 298 

High alcohol consumption was not associated with high risk of allergic disease (Figure 5); if 299 

anything, there was a trend toward lower risk (p for trend of 0.03). Baseline characteristics of the 300 

study population used in these analyses are shown in Supplementary Table 5. Results observed 301 

overall were similar when stratified by sex, median age, and smoking status (compare 302 

Supplementary Figures 3, 4 and 5with Figure 5)  303 

 304 

Genetic analyses 305 

Genotype and alcohol consumption 306 

Compared to homozygotes for the ADH-1B.2 genotype (fast metabolizers), homozygotes for the 307 

ADH-1B.1 genotype (slow metabolizers) were on average drinking 3.4 drinks more per week (47% 308 

more) (p-value for trend across 3 genotypes of < 0.001) (Supplementary Table 1). For the other 309 

genotype, homozygotes for the ADH-1C.2 genotype (slow metabolizers) were on average drinking 310 

0.4 drinks more per week (3% more) compared to homozygotes for the ADH-1C.1 genotype (fast 311 

metabolizers) (p-value for trend of < 0.001). In genotype combination groups, the slow 312 

metabolizers (group 4) were on average drinking 1.9 drinks more per week (21% more) compared 313 

to the fast metabolizers (group 1) (p-value for trend across 4 goups of < 0.001). Baseline 314 

characteristics of the study population used in these analyses are shown in Supplementary Table 6. 315 

 316 
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Genotype and IgE  317 

Compared with fast alcohol metabolizers, the odds ratio for high versus low IgE levels was 1.17 318 

(95% CI: 0.98-1.40) for intermediate-fast metabolizers with 18% higher alcohol consumption, 1.26 319 

(1.06-1.50) for intermediate-slow metabolizers with 19% higher alcohol consumption, and 1.23 320 

(1.02-1.48) for slow metabolizers with 21% higher alcohol consumption (Figure 6). Baseline 321 

characteristics of the study population used in this analysis are shown in Supplementary Table 7. 322 

 323 

Genotype and allergic disease 324 

Compared with fast alcohol metabolizers, the odds ratio for allergic disease was 0.93 (95% CI: 325 

0.86-1.01) for intermediate-fast metabolizers, 0.92 (0.85-0.99) for intermediate-slow metabolizers, 326 

and 0.93 (0.86-1.00) for slow metabolizers (Supplementary Figure 2). Baseline characteristics of the 327 

study population used in this analysis are shown in Supplementary Table 8. 328 

 329 

Genetic versus observational estimates  330 

The odds ratio per 1 alcoholic drink/week higher consumption for high versus low IgE levels was 331 

1.12 (95% CI: 1.02-1.23) genetically and 1.01 (1.01-1.02) observationally (Figure 7), meaning that 332 

an increase in consumption of 1 alcoholic drink/week resulted in an odds ratio of 1.12 for high 333 

versus low IgE levels genetically and 1.01 observationally. For allergic disease the corresponding 334 

odds ratios were 0.95 (0.92-0.99) genetically and 1.00 (1.00-1.00) observationally. Taken together, 335 

this means that high alcohol consumption leads to high IgE levels, but not to allergic disease. 336 

  337 
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Discussion 338 

Examined in 111,408 individuals from the general population, we observed that high alcohol 339 

consumption was associated observationally and genetically with high IgE levels, but not with high 340 

risk of allergic disease. The genetic data thus indicate that alcohol consumption leads to high IgE 341 

levels without an influence on allergic disease, the latter a reassuring finding. To the best of our 342 

knowledge, genetic Mendelian randomization studies like the present have never before been 343 

conducted to evaluate a potential causal relationship between alcohol consumption and IgE levels 344 

and allergic disease. 345 

 Mechanistically, it may seem puzzling that high alcohol consumption leads to high 346 

IgE levels, but not to allergic disease. The effects of alcohol on IgE production is not fully 347 

understood; however, it has been suggested that alcohol changes the balance of Th1 and Th2 348 

responses towards a Th2 response of the immune system, resulting in increased levels of IgE(8;28); 349 

however, some studies involving humans have found increased levels of IgE in alcoholics despite a 350 

Th1 pattern of cytokine production, suggesting that the increase in IgE is by another mechanism. It 351 

has, thus, been suggested that either alcohol directly affect B-cells favoring an IgE switch or the 352 

increase of IgE is caused by an alcohol induced increased uptake of endotoxins from the gut(6;29). 353 

Previous observational studies on moderately high alcohol consumption and 354 

alcoholism support that high alcohol consumption is associated with high plasma levels of IgE(5-355 

12). The present data suggest that this is a causal relationship, which mechanistically may be 356 

because alcohol consumption could influence immune modulation, with cytokine production 357 

changing towards a Th2-dominated response in favor of IgE production(30). However, the exact 358 

mechanism from high alcohol consumption to high levels of IgE in plasma is largely unknown.  359 

It is interesting that despite the apparent causal relationship between alcohol 360 

consumption and IgE levels, we found no association observationally or genetically between 361 
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alcohol intake and risk of allergic disease. Our observational results contradict those of a recent 362 

study on 34,525 adults, where ever drinking more than 12 drinks annually compared with lifetime 363 

abstaining was positively associated with eczema(31). Unlike our study, that study did however not 364 

include unconfounded genetic data free of reverse causation, and it investigated the risk of any type 365 

of eczema whereas our study only included allergic eczema.  366 

A strength of the present study is the very large study population, resulting in 367 

sufficient statistical power even for the genetic Mendelian randomization studies. Also, the study 368 

population was selected randomly from the white Danish general population, securing a genetically 369 

homogenous study population and thus excluding population admixture as a problem in the present 370 

studies. Thus, because of the relative ethnic/racial homogeneity of the study population the number 371 

of variables is reduced, which reduces the possible confounding but decreases potential 372 

generalizability of the finding to other ethnic groups. However, we are not aware of data to suggest 373 

that the present findings should not apply to most ethnic groups.  374 

Our study used self-reported alcohol consumption, which represents a potential 375 

limitation. Thus, even though the validity of self-reported alcohol consumption has been compared 376 

to alternative measurements and the reliability has been demonstrated to be reasonable (32), we 377 

cannot exclude a reporting bias since the questionnaire is based on standard drinks and thus 378 

expecting participants to know the size of standard drinks for each type of beverage. Furthermore, 379 

individuals with large alcohol consumption might have considered a standard drink to be larger than 380 

individuals with small alcohol consumption, resulting in the true difference in alcohol consumption 381 

between high and low consumers to be larger than that reported. However, for observational 382 

analyses this would only bias the results toward the null hypothesis and thus cannot explain our 383 

positive results. Theoretically, alcohol consumption could also influence our genetic results through 384 
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alcohol dehydrogenase gene expression; however, unlike for the microsomal ethanol oxidizing 385 

system, high alcohol consumption does not have a major influence on expression of ADH(33). 386 

Further, as our studies was based on a self-reported questionnaire, it is unclear if 387 

individuals in the higher alcohol group was not bothered by allergy because some individuals in that 388 

group had had a lot of alcohol, if they had poor memory because of the high alcohol consumption, 389 

or sensory deficits associated from higher alcohol consumption. To clarify this, it would have been 390 

ideal to assess responses with standardized questionnaires looking at symptom scores, such as 391 

MiniRQLQ, SCORAD or ACQ, FEV1 comparisons, standardized memory levels, as alcohol can 392 

affect memory, B vitamin levels and liver function tests, and evaluation for neuropathy. However 393 

even in individuals with moderate alcohol consumption up to 20 drinks per week, a level of alcohol 394 

consumption unlikely to lead to poor memory or sensory deficit(34-37), we found no indication of 395 

increased risk of allergic disease. Another limitation is that the high alcohol group was more 396 

skewed towards consisting of males and smokers. Indeed, several studies suggest that males may 397 

have less allergy after puberty than females(38-42). Furthermore, other studies have suggested that 398 

the prevalence of allergic disease decreases with increasing age(39;43). Hence, it was possible that 399 

our findings were more a finding associated with sex, smoking variation, or age than true 400 

correlation to alcohol, but in analyses stratified for sex, age, and smoking status, high alcohol 401 

consumption was still not associated with high risk of allergic disease. Results from stratification 402 

should, however, always be interpreted carefully as stratification introduces the risk of collider 403 

stratification bias(44). Also, as birth order as well as sibship size may influence risk for allergic 404 

disease(45), it is a limitation of our study that such information was not available for adjustment. 405 

Further, compared to our observational estimate the genetic, causal estimate of an odds ratio for 406 

high versus low IgE levels for an increase of 1 alcoholic drink/week was much higher, a difference 407 

that should be interpreted cautiously. This is because the genetic calculation using instrumental 408 
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variable analyses depends on self-reported alcohol consumption, which may differ by genotype. In 409 

other words, people with the genotypes leading to high alcohol consumption may consume larger 410 

servings of beer, wine and spirit and may prefer the versions of these beverages with the highest 411 

alcohol content, compared to people with genotypes leading to low alcohol consumption. If this was 412 

the case, then the genetic instrumental variable estimate would be too high. Importantly, however, 413 

such a reporter bias on alcohol consumption cannot explain that we observed alcohol consumption 414 

to be likely causally associated with high IgE levels, it can only influence the magnitude of the 415 

effect. Alternatively, it is also possible that the higher genetic, causal estimate compared with the 416 

observational estimate is because genetics typically monitor an adulthood lifelong effect of elevated 417 

alcohol consumption, while the observational estimate just represents a single point estimate of the 418 

association between alcohol consumption and IgE levels. It is also worth considering if the alcohol 419 

dehydrogenase genes get expressed differently in relation to alcohol exposure. In other words, is 420 

there any compensatory mechanism, such that if there is higher exposure to alcohol chronically, 421 

more protein expression occurs to compensate for the chronic exposure, which may differ by 422 

genotype. The alcohol dehydrogenase genes have very complex regulatory mechanisms, and animal 423 

studies investigating the effect of alcohol on gene expression have indeed suggested an increased 424 

expression with alcohol exposure.(46;47)  425 

Information on allergic disease was also based on questionnaires and was not 426 

reevaluated by physical examination or biochemical analyses, representing another potential 427 

limitation as we cannot be sure that all individuals have been properly diagnosed. Furthermore, as 428 

we could not define whether the reported eczema in the individual person represents atopic 429 

dermatitis or allergic contact eczema, we simply decided to use the term allergic eczema. However, 430 

study participants reporting allergic disease are probably suffering from allergic symptoms, and due 431 
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to the extensive and free Danish health care system, most individuals will likely have been 432 

diagnosed by a physician.  433 

The clinical importance of our findings is worth considering. First, as high alcohol 434 

consumption did not lead to allergic disease, we see no reason to advice against alcohol 435 

consumption to prevent allergic disease. Second, in some individuals and patients with or without 436 

allergic disease, but with high IgE levels, high IgE levels may be explained by high alcohol 437 

consumption, rather than by allergic disease.   438 

In conclusion, high alcohol consumption was associated observationally and 439 

genetically with high IgE levels, but not with high risk of allergic disease. Thus, high alcohol 440 

consumption seems to cause high IgE levels in plasma, but this IgE increase does not seem to lead 441 

to high risk of allergic disease like allergic asthma, allergic rhinitis or allergic eczema, the latter a 442 

reassuring finding.  443 
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Figure legends 590 

 591 

Figure 1. 592 

Comparison of the study design from observational studies, Mendelian randomization studies, and 593 

randomized controlled trials as applied to high and low alcohol consumption on IgE levels and risk 594 

of allergic disease. 595 

 596 

Figure 2. 597 

Number individuals entering into the different analyses.  598 

 599 

Figure 3. 600 

Associations between allergic disease and IgE levels examined in 38,802 individuals from the 601 

Copenhagen General Population Study. The top graph shows the association between allergic 602 

disease score and IgE levels, while the bottom graph shows the association between individual 603 

allergic diseases and IgE levels. Left: multivariable adjusted odds ratios . Right: geometric means. 604 

OR= odds ratio. CI= confidence interval. 605 

 606 

Figure 4. 607 

Association between self-reported alcohol consumption and allergic disease and IgE levels, 608 

examined in 47,336 individuals from the Copenhagen General Population Study and Copenhagen 609 

City Heart Study combined. The association was studied both overall and stratified for allergic 610 

disease status. Left: multivariable adjusted odds ratios.  Right: crude geometric mean. OR= odds 611 

ratio. CI= confidence interval. 612 

 613 
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Figure 5. 614 

Association between self-reported alcohol consumption and IgE levels, examined in 102,843 615 

individuals from the Copenhagen General Population Study and Copenhagen City Heart Study 616 

combined. OR= odds ratio. CI= confidence interval. 617 

 618 

Figure 6. 619 

Associations between ADH-genotype combinations and IgE levels examined in  44,848 individuals 620 

from the Copenhagen General Population Study and Copenhagen City Heart Study combined.  OR= 621 

odds ratio. CI= confidence interval. 622 

 623 

Figure 7.  624 

Observational and genetic estimates for increase in IgE levels with an increase in alcohol 625 

consumption of 1 drink/week. 102,270 individuals with information on genotype from the 626 

Copenhagen General Population Study and Copenhagen City Heart Study  were included in the 627 

analyses.  The analysis was performed based on the entire study group and stratified for gender. 628 

OR= odds ratio. CI= confidence interval. 629 
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Table I. Baseline characteristics of 111,408 individuals from the general population  

Total population Observational analyses Genetic analyses 

Allergic disease and 
IgE 

Alcohol consumption 
and IgE 

Alcohol consumption 
and allergic disease 

Genotype and alcohol 
consumption 

Genotype and 
IgE 

Genotype and 
allergic disease 

n = 111,480 n = 38,802 n = 47,336 n = 102,843 n = 97,687 n = 44,848 n = 98,457 

Sex 

   Men 45  46 46 46 46  45 55 

   Women 55 54 54 54 54 56 45 

Age 57 (48-67) 59 (49-68) 58 (49-67) 57 (48-67) 57 (48-66) 58 (48-67) 57 (47-66) 

BMI 26 (23-28) 26 (23-28) 26 (23-28) 26.1 (23-28) 26.1 (23-28) 26.0 (23-28) 26.1 (23-28) 

Education 

   Elementary (1 - 9 years) 30 24 33 30 28 29 29 

   High school (10 - 12 years) 53  57 51 53 54 54 54 

   Academic (> 12 years) 17 19 16 17 17 17 17 

Civil status 

   Married/cohabiting 74 76 74 75 75 75 75 

   Unmarried 8 6 8 8 8 7 8 

   Separated/divorced 10 9 10 10 10 10 10 

   Widow/widower 8 8 8 8 8 8 8 

Smoking status  

   Never smoker 39 43 38 39 40 40 40 

   Former smoker 38 42 38 39 40 40 39 

   Current smoker 22 15 24 22 20 20 21 

Pack-years 22 (7-31) 21 (6-30) 23 (8-32) 22 (7-32) 22 (7-30) 22 (7-30) 22 (7-30) 

Cigarettes/day 15 (10-20) 15 (9-20) 16 (10-20) 15 (10-20) 15 (10-20)  15(10-20) 15 (10-20) 

Physical acitivity during 

work          

   Mainly sitting 30  31 31 31  30 30 30 

   Sitting, standing, walking 25  23 26 25  25 25 25 

   Walking and lifting 15  12 14 14  15 14 15 

   Heavy workload 3  3 3 3  3 3 3 

   Not working 27  32 26 27  28 28 28 

Physical activity during          
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Values are shown as percent or mean (interquartile range). 

leisure 

   < 2 hours/week 8  7 8 7  7 7 7 

   2-4 hours/week 43  41 43 43  43 43 43 

   > 4 hours/week light 43  46 43 43  44 44 44 

   > 4 hours/week heavy 6  7 6 6  6 6 6 
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Observational study Mendelian randomization Ranomized controlled trial

Individual alcohol habits Random distribution of alleles Randomization method

Normal allele
associated with 

low alcohol
consumption

Allele
associated with 

high alcohol
consumption

Low alcohol
consumption

High alcohol
consumption

Low alcohol
consumption

High alcohol
consumption

Confounders associated
with alcohol intake, IgE
and/or allergic disease

Confounders evenly
distributed

Confounders evenly
distributed

IgE levels ↑ or ↓
Allergic disease ↑ or ↓ 

IgE levels ↑ or ↓
Allergic disease ↑ or ↓ 

IgE levels ↑ or ↓
Allergic disease ↑ or ↓ 
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Genotype and IgE
44,848

Copenhagen General Population Study
39,268

Copenhagen City Heart Study
5,580

Allergic disease and IgE
38,802

Copenhagen General Population Study
38,802

Copenhagen City Heart Study
0

Genotype and allergic disease
98,457

Copenhagen General Population Study
91,887

Copenhagen City Heart Study
6,570

Alcohol consumption and IgE
47,336

Copenhagen General Population Study
37,878 

Copenhagen City Heart Study
9,458

Alcohol consumption
and  allergic disease

102,843

Copenhagen General Population Study
91,134 

Copenhagen City Heart Study
11,709

Genotype and 
alcohol consumption

97,687

Copenhagen General Population Study
90,810 

Copenhagen City Heart Study
6,877

Total population
111,408

Copenhagen General Population Study
99,137

Copenhagen City Heart Study
12,271

Observational
analyses

Genetic
analyses

Figure 2



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Number of 
allergic
diseases

Total OR 
(95% CI)

Plasma IgE
> 150 kU/L 

P-value
for trend

P-value

for trend

Geometric mean
(95% CI)

Geometric mean
of IgE levels

OR for high versus low IgE

Type of 
allergic disease

Total OR 
(95% CI)

Plasma IgE
> 150 kU/L

P-value P-valueGeometric mean
(95% CI)

OR for high versus low IgE Geometric mean
of IgE levels

< 0.001 < 0.001

28,4442,1190 1.00 (reference group) 18.1 (16.1 – 20.0)

7,6911,0691 of 3 2.33 (2.15 – 2.53) 31.7 (29.7 – 33.7)

2,1074222 of 3 3.91 (3.47 – 4.41) 43.2 (41.2 – 45.2)

5601773 of 3 7.45 (6.16 – 9.02) 73.8 (71.7 – 75.9)

20 40 60 80

28,4442,119None 1.00 (reference group) - 18.1 (16.1 – 20.0) -

1,709142
Allergic
eczema

1.37 (1.16 – 1.66) 20.4 (18.4 – 22.4)< 0.001 0.005

5,402801
Allergic
rhinitis

2.53 (2.31 – 2.77) 35.7 (33.7 – 37.7)< 0.001 < 0.001

580126
Allergic
asthma

3.95 (3.21 – 4.87) 39.2 (37.1 – 41.3)< 0.001 < 0.001

20 40 60 80

2 4 6 8 101

2 4 6 8 101

Figure 3
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Drinks/week Total OR (95 % CI)Plasma IgE
> 150 kU/L 

P-value
for trend

P-value
for trend

Geometric mean
(95% CI)

< 0.001 < 0.001

OR for high versus low IgE
All 

Geometric mean
of IgE levels

Drinks/week Total OR (95 % CI)Plasma IgE
> 150 kU/L 

P-value
for trend

Geometric mean
(95% CI)

P-value
for trend

< 0.001 < 0.001

OR for high versus low IgE

Without allergic disease
Geometric mean
of IgE levels

With allergic disease

10 20 30 40 50 60 70

4800 6,271 0.91 (0.81 – 1.01) 17.6 (15.6 – 19.7)

1,2621 – 6 15,227 1.00 (reference group) 19.3 (17.3 – 21.3)

1,1777 – 13 12,723 1.06 (0.98 – 1.16) 21.7 (19.7 – 23.7)

75214 – 20 6,797 1.19 (1.08 – 1.31) 24.4 (22.4 – 26.4)

43021 – 28 3,273 1.32 (1.17 – 1.49) 27.6 (25.6 – 29.6)

3,045558> 28 1.69 (1.51 – 1.90) 37.2 (35.2 – 39.2)

10 20 30 40 50 60 70

4,6643950 0.91 (0.80 – 1.03) 15.7 (13.7 – 17.7)

1 – 6 10,97
6

932 1.00 (reference group) 15.9 (13.9 – 17.9)

7 – 13 9,464947 1.11 (1.01 – 1.23) 18.7 (16.7 – 20.7)

1.24 (1.11 – 1.39)14 – 20 5,203630 21.1 (19.1 – 23.2)

1.39 (1.22 – 1.59)21 – 28 2,542371 23.9 (21.9 – 25.9)

1.74 (1.53 – 1.97)> 28 2,446502 32.5 (30.5 – 34.5)

Drinks/week Total OR (95 % CI)Plasma IgE
> 150 kU/L

P-value
for trend

P-value
for trend

Geometric mean
(95% CI)

< 0.001 < 0.001

OR for high versus low
IgE

Geometric mean
of IgE levels

10 20 30 40 50 60 70

189 1,6070 0.83 (0.69 – 0.99) 24.6 (22.6 – 26.7)

4,2515991 – 6 1.00 (reference group) 31.5 (29.5 – 33.5)

476 3,2597 – 13 0.99 (0.86 – 1.13) 33.4 (31.4 – 35.4)

283 1,59414 – 20 1.17 (0.99 – 1.37) 38.8 (36.8 – 40.9)

1.33 (1.08 – 1.63)155 73121 – 28 45.4 (43.3 – 47.4)

599183> 28 1.94 (1.58 – 2.39) 64.6 (62.5 – 66.7)

1 1.5 2 2.5

1 1.5 2 2.5

1 1.5 2 2.5 Figure 4
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Drinks/week TotalAllergic
disease

OR (95 % CI) P value for-trendOR for allergic disease

0.05

0 10,7942,807 1.02 (0.97 – 1.08)

1 – 6 33,5049,325 1.00 (reference group)

7 – 13 28,2657,198 0.98 (0.95 – 1.02)

14 – 20 15,7463,697 0.96 (0.92 – 1.01)

21 – 28 7,6401,750 1.01 (0.95 – 1.07)

6,8941,401> 28 0.95 (0.88 – 1.01)

.9 .95 1 1.05 1.1

Figure 5
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Genotype combination group Plasma IgE
> 150 kU/L

Total P-valueOR (95 % CI)

Fast metabolizers 151 1,812 1.00 (reference group) 0.03 (for trend)

Intermediate-slow 2,110 20,905 1.26 (1.06 – 1.50) 0.01

Slow metabolizers 762 7,747 1.23 (1.02 – 1.48) 0.03

Intermediate-fast 1,3741 14,384 1.17 (0.98 – 1.40) 0.08

OR for high versus low IgE levels∆ alcohol
consumption

0

+ 19%

+ 21%

+ 18%

1 1.1 1.2 1.3 1.4 1.5

Figure 6
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Type of analysis IgE > 150 kU/L Total OR (95 % CI) P-value

High versus low IgE

Observational 4,876 48,961 1.013 (1.011 – 1.016) < 0.001

Genetic 4,394 44,848 1.118 (1.018 – 1.228) 0.02

Allergic disease versus no allergic disease

Observational 26,178 102,843 0.999 (0.997 – 1.000) 0.12

Genetic 25,283 98,457 0.959 (0.923 – 0.996) 0.03

OR (95% CI) per 1 alcoholic drink/week

Type of analysis Allergic disease Total OR (95 % CI) P-value

1 1.1 1.2 1.3

Figure 7
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Table E1. Association between genotype and alcohol consumption  

Genotype 

ADH-1B         
  n Mean (drinks/week) SE (mean) % difference P R2 F 

ADH-1B.2/2 fast 39 7.4 1.26 0 6·10-25 0.0011 53 

ADH-1B.2/1 fast 3,905 9.1 0.14 + 23 %    

ADH-1B.1/1 slow  93,743 10.8 0.03 + 47 %    

 

ADH-1C         
  n Mean (drinks/week) SE (mean) % difference P R2 F 

ADH-1C.1/1 Fast 33,177 10.6 0.06 0 0.0002 0.0004 8 

ADH-1C.1/2 Intermediate 47,514 10.7 0.05 + 0.3 %    

ADH-1C.2/2 slow 16,996 11.0 0.08 + 3.0 %    

 

Genotype combination groups 

Genotype combination group n Mean SE (mean) % difference P R2 F 

(1) Fast metabolizers  3,944 9.1 0.14 0 9·10-13 0.0012 38 

(2) Intermediate-fast  31,023 10.7 0.06 + 18 %    

(3) Intermediate-slow    45,818 10.8 0.05 + 19 %    

(4) Slow metabolizers    16,902 11.0 0.08 + 21 %    

 

Genotype combination 
group 

ADH-1B ADH-1C n Mean Combined 

(1) Fast metabolizers Fast (2/2) Fast (1/1) 32 6.6  

9.1 

(1) Fast metabolizers Fast (2/2) Intermediate (1/2) 7 10.9 

(1) Fast metabolizers Fast (2/1) Fast (1/1) 2,122 9.1 

(1) Fast metabolizers Fast (2/1) Intermediate (1/2) 1,689 9.1 

(1) Fast metabolizers Fast (2/2) Slow (2/2) 94 9.1 

(2) Intermediate-fast Slow (1/1) Fast (1/1) 31,023 10.7 10.7 

(3) Intermediate-slow    Slow (1/1) Intermediate (1/2) 45,818 10.8 10.8 

(4) Slow metabolizers    Slow (1/1) Slow (2/2) 16,902 11 11 
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Table E2. Baseline characteristics of 38,802 individuals with information on number of allergic diseases and IgE measurement 

 Nnumber of allergic diseases  

 0 1 of 3 2 of 3 3 of 3  P-value for trend 

Sex     < 0.001 

   Men 13,619 (48) 3,298 (43) 766 (36) 179 (32)  

   Women 14,825 (52) 4,393 (57) 1,341 (64) 381 (68)  

Age 60 (50-69) 57 (47-65) 55 (46-63) 54 (46-62) < 0.001 

BMI 26 (23-28) 26 (23-28) 26 (23-28) 27 (23-29) 0.65 

Education     < 0.001 

   Elementary (1 – 9 years) 7,491 (26) 1,415 (18) 345 (16) 89 (16)  

   High school (10 – 12 years) 15,903 (56) 4,579 (60) 1,248 (59) 335 (60)  

   Academic (> 12 years) 5,050 (18) 1,697 (22) 514 (24) 136 (24)  

Civil status     0.11 

   Married/cohabiting 21,717 (76) 5,903 (77) 1,623 (77) 417 (75)  

   Unmarried 1,745 (6) 536 (7) 167 (8) 44 (8)  

   Separated/divorced 2,524 (9) 769 (10) 218 (10) 72 (13)  

   Widow/widower 2,458 (9) 483 (6) 99 (5) 27 (5)  

Smoking status     < 0.001 

   Never smoker 11,661 (41) 3,614 (47) 949 (45) 250 (45)  

   Former smoker 12,106 (43) 3,154 (41) 908 (43) 226 (40)  

   Current smoker 4,677 (16) 923 (12) 250 (12) 84 (15)  

Pack-years 22 (7-31) 19 (5-26) 17.0 (5-24.0) 18 (6-28) < 0.001 

Cigarettes/day 15 (9-20) 15 (9-20) 14 (7-20) 15 (10-20) 0.22 

Alcohol consumption (drinks/week)     < 0.001 

   0 2,525 (9) 685 (9) 229 (11) 72 (13)  

   1 – 6  8,958 (32) 2,694 (35) 819 (39) 208 (37)  

   7 – 13  8,194 (29) 2,233 (29) 586 (28) 153 (27)  

   14 – 20  4,599 (16) 1,138 (15) 267 (13) 67 (12)  

   21 – 27  2,277 (8) 529 (7) 124 (6) 42 (8)  

   ≥ 28 1,891 (7) 412 (5) 82 (4) 18 (3)  

Physical acitivity during work     < 0.001 

   Mainly sitting 8,245 (29) 2,671 (35) 767 (36) 186 (33)  

   Sitting, standing, walking 6,246 (22) 1,877 (24) 562 (27) 159 (28)  

   Walking and lifting 3,413 (12) 1,032 (13) 290 (14) 72 (13)  

   Heavy workload 709 (2) 136 (2) 33 (2) 8 (1)  
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   Not working 9,831 (35) 1,975 (26) 455 (22) 135 (24)  

Physical activity during leisure     0.17 

   < 2 hours/week 1,718 (6) 416 (5) 136 (6) 42 (8)  

   2-4 hours/week 11,763 (41) 3,185 (41) 864 (41) 249 (44)  

   > 4 hours/week light 13,011 (46) 3,562 (46) 949 (45) 235 (42)  

   > 4 hours/week heavy 1,954 (7) 528 (7) 158 (8) 34 (6)  

Values are shown as number (percent) or mean (interquartile range). 
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Table E3. Baseline characteristics of 38,802 individuals with information on allergic disease and IgE measurement 

 Type of allergic disease  P-value versus no allergic disease 

 None Allergic eczema Allergic rhinitis Allergic asthma   Allergic eczema Allergic rhinitis Allergic asthma 

Sex      < 0.001 0.45 < 0.001 

   Men 13,619 (48) 453 (27) 2,617 (49) 228 (39)     

   Women 14,825 (52) 1,256 (74) 2,785 (52) 352 (61)     

Age 60 (50-69) 57 (47-66) 56 (47-65) 60 (50-69)  < 0.001 < 0.001 0.65 

BMI 26 (23-28) 26 (23-28) 26 (23-28) 27 (24-29)  0.002 < 0.001 < 0.001 

Education      < 0.001 < 0.001 0.50 

   Elementary (1 – 9 years) 7,491 (26) 349 (20) 912 (17) 154 (27)     

   High school (10 – 12 years) 15,903 (56) 983 (58) 3,286 (61) 310 (54)     

   Academic (> 12 years) 5,050 (18) 377 (22) 1,204 (22) 116 (20)     

Civil status      0.002 < 0.001 0.15 

   Married/cohabiting 21,717 (76) 1,240 (73) 4,236 (78) 427 (74)     

   Unmarried 1,745 (6) 137 (6) 360 (7) 39 (7)     

   Separated/divorced 2,524 (9) 197 (12) 510 (9) 62 (11)     

   Widow/widower 2,458 (9) 135 (8) 296 (6) 52 (9)     

Smoking status      0.90 < 0.001 0.82 

   Never smoker 11,661 (41) 693 (41) 2,677 (50) 244 (42)     

   Former smoker 12,106 (43) 725 (42) 2,171 (40)  258 (45)     

   Current smoker 4,677 (16) 291 (17) 554 (10) 78 (14)     

Pack-years 22 (7-31) 21 (6-29) 17 (5-25) 22 (6-32)  0.02 < 0.001 0.73 

Cigarettes/day 15 (9-20) 16 (10-20) 14 (7-20) 17 (10-20)  0.78 0.07 0.20 

Alcohol consumption (drinks/week)      < 0.001 < 0.001 < 0.001 

   0 2,525 (9) 186 (11) 432 (9) 67 (12)     

   1 – 6  8,958 (32) 632 (37) 1,853 (34) 209 (36)     

   7 – 13  8,194 (29) 464 (27) 1,609 (30) 160 (28)     

   14 – 20  4.599 (16) 244 (14) 819 (15) 75 (13)     

   21 – 27  2,277 (8) 109 (6) 385 (7) 35 (6)     

   ≥ 28 1,891 (7) 74 (4) 304 (6) 34 (6)     

Physical acitivity during work      < 0.001 < 0.001 < 0.001 

   Mainly sitting 8,245 (29) 1,113 (32) 2,920 (37) 730 (34)     

   Sitting, standing, walking 6,246 (22) 923 (27) 2,028 (26) 527 (24)     

   Walking and lifting 3,413 (12) 510 (15) 1,035 (13) 283 (13)     

   Heavy workload 709 (2) 53 (2) 133 (2) 40 (2)     
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   Not working 9,831 (35) 870 (25) 1,830 (23) 590 (27)     

Physical activity during leisure      0.03 0.16 0.06 

   < 2 hours/week 1,718 (6) 234 (7) 437 (6) 143 (7)     

   2-4 hours/week 11,763 (41) 1,485 (42) 3,246 (41) 929 (43)     

   > 4 hours/week light 13,011 (46) 1,542 (44) 2,691 (46) 932 (43)     

   > 4 hours/week heavy 1,952 (7) 208 (6) 572 (7) 166 (8)     

Values are shown as number (percent) or mean (interquartile range). 
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Table E4. Baseline characteristics of 47,336 individuals with information on alcohol consumption and IgE measurements  

 Alcohol consumption (drinks/week)  

 0 1 – 6  7 – 13  14 – 20  21 – 27 ≥ 28 P-value for trend 

Sex       < 0.001 

   Men 1,615 (26) 5,337(35) 6,058 (48) 4,006 (59) 2,324 (71) 2,574 (85)  

   Women 4,656 (74) 9,890 (65) 6,665 (52) 2,791 (41) 949 (29) 471 (16)  

Age 58 (49-67) 56 (46-65) 59 (50-68) 61 (52-69) 62 (54-69) 60 (53-68) < 0.001 

BMI 26 (23-29) 26 (23-28) 26 (23-28) 26 (23-28) 26 (24-28) 27 (24-29) < 0.001 

Education       < 0.001 

   Elementary (1 – 9 years) 3,415 (55) 4,440 (29) 3,542 (28) 1,972 (29) 947 (29) 1,164 (38)  

   High school (10 – 12 years) 2,133 (34) 7,875 (52) 6,956 (55) 3,806 (56) 1,871 (57) 1,511 (50)  

   Academic (> 12 years) 723 (12) 2,912 (19) 2,225 (18) 1,019 (15) 455 (14) 370 (12)  

Civil status       < 0.001 

   Married/cohabiting 3,763 (60) 11,239 (74) 9,926 (78) 5,389 (79) 2,614 (80) 2,279 (75)  

   Unmarried 780 (12) 1,251 (8) 720 (6) 379 (6) 171 (5) 248 (8)  

   Separated/divorced 862 (14) 1,541 (10) 1,050 (8) 541 (8) 269 (8) 338 (11)  

   Widow/widower 866 (14) 1,196 (8) 1,027 (8) 488 (7) 219 (7) 180 (6)  

Smoking status       < 0.001 

   Never smoker 2,247 (36) 6,932 (46) 5,168 (41) 2,211 (33) 904 (28) 563 (19)  

   Former smoker 1,783 (29) 5,242 (34) 5,147 (41) 3,079 (45) 1,536 (47) 1,313 (43)  

   Current smoker 2,241 (36) 3,053 (20) 2,408 (19) 1,507 (22) 833 (26) 1,169 (38)  

Pack-years 24 (10-34) 20(56-28) 21 (6-30) 23 (8-33) 27 (11.40) 35 (16-46) < 0.001 

Cigarettes/day 15 (10-20) 14 (9-20) 15 (9-20) 15 (10-20) 17 (10-20) 21 (14-27) < 0.001 

Allergic disease       < 0.001 

   No allergic disease 4,664 (74) 10,976 (72) 9,464 (74) 5,203 (77) 2,542 (78) 2,446 (80)  

   Allergic disease 1,607 (26) 4,251 (28) 3,259 (26) 1,594 (24) 731 (22) 599 (20)   

Physical acitivity during work       < 0.001  

   Mainly sitting 1,739 (28) 5,125 (34) 4,162 (33) 2,064 (30) 977 (30) 782 (26)   

   Sitting, standing, walking 2,030 (32) 4,120 (27) 3,159 (25) 1,619 (24) 671 (21) 608 (20)   

   Walking and lifting 1,103 (18) 2,426 (16) 1,489 (12) 764 (11) 366 (11) 438 (14)   

   Heavy workload 117 (2) 282 (2) 258 (2) 190 (3) 114 (3) 221 (7)   

   Not working 1,282 (20) 3.274 (22) 3,655 (29) 2,160 (32) 1,145 (35) 996 (33)   

Physical activity during leisure       < 0.001  

   < 2 hours/week 979 (16) 1,137 (7) 718 (6) 421 (6) 209 (6) 341 (11)   

   2-4 hours/week 2,957 (47) 6,641 (44) 5,230 (41) 2,775 (41) 1,344 (41) 1,247 (41)   
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   > 4 hours/week light 2,062 (33) 6,599 (43) 5,918 (47) 3,159 (47) 1,489 (45) 1,268 (42)   

   > 4 hours/week heavy 273 (4) 850 (6) 857 (7) 442 (7) 231 (7) 189 (6)   

Values are shown as number (percent) or mean (interquartile range). 
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Table E5. Baseline characteristics of 102,843  individuals with information on alcohol consumption and allergic disease 

 Alcohol consumption (drinks/week)  

 0 1 – 6  7 – 13  14 – 20  21 – 28 > 28 P-value for trend 

Sex       < 0.001 

   Men 2,764 (26) 11,364 (34) 13,102 (46) 8,986 (57) 5,386 (71) 5,750 (83)  

   Women 8,030 (74) 22,140 (66) 15,163 (54) 6,760 (43) 2,254 (30) 1,144 (17)  

Age 57 (47-67) 55 (45-64) 58 (48-67) 60 (51-68) 61 (53-69) 60 (53-68) < 0.001 

BMI 27 (23-29) 26 (22-28) 26 (23-28) 26 (23-28) 26 (24-28) 27 (24-29) < 0.001 

Education       0.002 

   Elementary (1 – 9 years) 5,251 (49) 8,979 (27) 7,678 (27) 4,416 (28) 2,156 (28) 2,447 (36)  

   High school (10 – 12 years) 4,119 (39) 17,824 (53) 15,660 (55) 8,903 (57) 4,387 (57) 3,605 (52)  

   Academic (> 12 years) 1,424 (13) 6,701 (20) 4,927 (17) 2,427 (15) 1,097 (14) 842 (12)  

Civil status       < 0.001 

   Married/cohabiting 6,414 (60) 24,511 (73) 22,007 (78) 12,468 (79) 6,145 (80) 5,214 (76)  

   Unmarried 1,426 (13) 2,902 (9) 1,762 (6) 859 (6) 434 (6) 574 (8)  

   Separated/divorced 1,541 (14) 3,469 (10) 2,378 (8) 1,291 (8) 561 (7) 709 (10)  

   Widow/widower 1,413 (13) 2,622 (8) 2,118 (8) 1,128 (7) 500 (7) 397 (6)  

Smoking status       < 0.001 

   Never smoker 4,118 (38) 15,611 (47) 11,722 (42) 5,293 (34) 2,116 (28) 1,373 (20)  

   Former smoker 3,138 (29) 11,590 (36) 11,440 (41) 7,048 (45) 3,634 (48) 3,012 (44)  

   Current smoker 3,538 (33) 6,303 (16) 5,103 (18) 3,405 (22) 1,890 (25) 2,509 (37)  

Pack-years 24 (10-34) 18.5 (5-27) 20 (6-30) 23 (8-32) 26 (10-37) 34 (15-45) < 0.001 

Cigarettes/day 15 (10-20) 14 (8 -20) 14 (8-20) 15 (10-20) 17 (10-20) 21 (14-25) < 0.001 

Physical acitivity during work       < 0.001 

   Mainly sitting 2,830 (26) 10,953 (33) 9,030 (32) 4,724 (30) 2,287 (30) 1,799 (26)  

   Sitting, standing, walking 3,173 (29) 8,927 (27) 7,122 (25) 3,736 (25) 1,630 (21) 1,351 (20)  

   Walking and lifting 1,994 (18) 5,545 (17) 3,576 (13) 1,896 (12) 873 (11) 943 (14)  

   Heavy workload 217 (2) 681 (2) 635 (2) 446 (3) 252 (3) 461 (7)  

   Not working 2,580 (24) 7,398 (22) 7,902 (28) 4,944 (31) 2,598 (34) 2,340 (34)  

Physical activity during leisure       < 0.001 

   < 2 hours/week 1,606 (15) 2,421 (7) 1,572 (6) 880 (6) 444 (6) 676 (10)  

   2-4 hours/week 5,127 (48) 14,843 (44) 11,733 (42) 6,553 (42) 3,150 (41) 2,853 (41)  

   > 4 hours/week light 3,554 (33) 14,283 (43) 13,111 (46) 7,311 (56) 3,504 (46) 2,905 (42)  

   > 4 hours/week heavy 507 (5) 1,957 (6) 1,849 (7) 1,002 (6)  542 (7) 460 (7)  

Values are shown as number (percent) or mean (interquartile range). 
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Table E6. Baseline characteristics of 97,687 individuals with information on genotype and alcohol consumption 

 Genotype combination group  

 Fast metabolizers Intermediate-fast Intermediate-slow Slow metabolizers  P-value for trend 

Sex     < 0.001 

   Men 1,873 (48) 14,324 (46) 20,872 (46) 7,534 (45)  

   Women 2,071 (53) 16,699 (54) 24,946 (55) 9,368 (55)  

Age 58 (48-67) 57 (47-66) 57 (48-66) 57 (48-66) 0.79 

BMI 26 (23-28) 26 (23-28) 26 (23-28) 26 (23-28) 0.06 

Education     0.05 

   Elementary (1 – 9 years) 1,053 (27) 8,644 (28) 12,984 (28) 4,795 (28)  

   High school (10 – 12 years) 2,188 (56) 16,914 (55) 24,932 (54) 9,145 (54)  

   Academic (> 12 years) 703 (18) 5,465 (18) 7,902 (17) 2,962 (18)  

Civil status     0.07 

   Married/cohabiting 2,947 (75) 23,309 (75) 34,439 (75) 12,839 (76)  

   Unmarried 308 (8) 2,404 (8) 3,444 (8) 1,264 (8)  

   Separated/divorced 384 (10) 2,968 (10) 4,375 (10) 1,559 (9)  

   Widow/widower 305 (8) 2,342 (8) 3,560 (8) 1,240 (7)  

Smoking status     0.26 

   Never smoker 1,520 (39) 12,480 (40) 18,377 (40) 6,785 (40)  

   Former smoker 1,613 (41) 12,313 (40) 18,077 (40) 6,669 (40)  

   Current smoker 811 (21) 6,230 (20) 9,364 (20) 3,448 (20)  

Pack-years 22 (7-32) 22 (7-30) 22 (7-30) 22 (7-30) 0.60 

Cigarettes/day 15 (9-20) 15 (10-20) 15 (10-20) 15 (10-20) 0.94 

Physical acitivity during work     0.72 

   Mainly sitting 1,223 (31) 9,374 (30) 13,733 (30) 5,167 (31)  

   Sitting, standing, walking 955 (24) 7,751 (25) 11,329 (25) 4,191 (25)  

   Walking and lifting 554 (14) 4,547 (15) 6,738 (15) 2,401 (14)  

   Heavy workload 108 (3) 809 (3) 1,221 (3) 428 (3)  

   Not working 1,104 (28) 8,542 (28) 12,797 (28) 4,715 (28)  

Physical activity during leisure     0.52 

   < 2 hours/week 249 (6) 2,087 (7) 3,011 (7) 1,144 (7)  

   2-4 hours/week 1,661 (42) 13,296 (43) 19,805 (43) 7,328 (43)  

   > 4 hours/week light 1,761 (45) 13,670 (44) 20,165 (44) 7,397 (44)  

   > 4 hours/week heavy 273 (7) 1,970 (6) 2,837 (6) 1,033 (6)  

Values are shown as number (percent) or mean (interquartile range). 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table E7. Baseline characteristics of 44,848 individuals with information on genotype and IgE measurements  

 Genotype combination group  

 Fast metabolizers Intermediate-fast Intermediate-slow Slow metabolizers  P-value for trend 

Sex     0.003 

   Men 862 (47.6) 6,619 (46) 9,465 (45) 3,434 (44)  

   Women 950 (52.4) 7,765 (54) 11,440 (55) 4,313 (56)  

Age 59 (49-68) 58 (48-67) 58 (48-67) 58 (49-67) 0.97 

BMI 26 (23-28) 26 (23-28) 26 (23-28) 26 (23-28) 0.045 

Education     0.008 

   Elementary (1 – 9 years) 507 (28) 4,121 (29) 6,146 (29) 2,310 (30)  

   High school (10 – 12 years) 994 (55) 7,690 (54) 11,147 (53) 4,146 (54)  

   Academic (> 12 years) 311 (17) 2,573 (18) 3,612 (17) 1,291 (17)  

Civil status     0.68 

   Married/cohabiting 1,352 (75) 10,789 (75) 15,767 (75) 5,816 (75)  

   Unmarried 133 (7) 1,070 (7) 1,512 (7) 567 (7)  

   Separated/divorced 192 (11) 1,387 (10) 1,987 (10) 734 (10)  

   Widow/widower 135 (8) 1,138 (8) 1,639 (8) 630 (8)  

Smoking status     0.86 

   Never smoker 714 (40) 5,815 (40) 8,317 (40) 3,107 (41)  

   Former smoker 734 (41) 5,681 (40) 8,253 (40) 3,079 (40)  

   Current smoker 364 (20) 2,888 (20) 4,335 (21) 1,561 (20)  

Pack-years 23 (7-32) 22 (7-30) 22 (7-30) 22 (7-30) 0.87 

Cigarettes/day 16 (10-20) 15 (10-20) 16 (10 – 20) 15 (10-20) 0.59 

Physical acitivity during work     0.67 

   Mainly sitting 566 (31) 4,412 (31) 6,300 (30) 2,375 (31)  

   Sitting, standing, walking 420 (23) 3,623 (25) 5,202 (25) 1,889 (24)  

   Walking and lifting 263 (15) 1,986 (14) 2,975 (14) 1,057 (14)  

   Heavy workload 48 (3) 342 (2) 529 (3) 195 (3)  

   Not working 515 (28) 4,021 (28) 5,899 (28) 2,231 (29)  

Physical activity during leisure     0.24 

   < 2 hours/week 110 (6) 992 (7) 1,410 (7) 550 (7)  

   2-4 hours/week 758 (42) 6,089 (42) 8,914 (43) 3,335 (43)  

   > 4 hours/week light 818 (45) 6,361 (44) 9,322 (45) 3,358 (43)  

   > 4 hours/week heavy 126 (7) 942 (7) 1,259 (6) 504 (7)  

Values are shown as number (percent) or mean (interquartile range). 
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Table E8. Baseline characteristics of 98,457 individuals with information on genotype and allergic disease 

 Genotype combination group  

 Fast metabolizers Intermediate-fast Intermediate-slow Slow metabolizers  P-value for trend 

Sex     0.0004 

    Men 1,874 (47) 14,292 (46) 20,786 (45) 7,557 (44)  

    Women 2,137 (53) 16,979 (54) 25,333 (55) 9,499 (56)  

Age 58 (48-67) 57 (47-66) 57 (47-66) 57 (47-66) 0.84 

BMI 26 (23-28) 26 (23-28) 26 (23-28) 26 (23-28) 0.04 

Education     0.07 

   Elementary (1 – 9 years) 1,095 (27) 8,821 (28) 13,203 (29) 4,902 (29)  

   High school (10 – 12 years) 2,205 (55) 16,954 (54) 24,979 (54) 9,173 (54)  

   Academic (> 12 years) 711 (18) 5,496 (18) 7,937 (17) 2,981 (18)  

Civil status     0.11 

   Married/cohabiting 2,969 (74) 23,344 (75) 34,362 (75) 12,858 (75)  

   Unmarried 321 (8) 2,481 (8) 3.611 (8) 1,308 (8)  

   Separated/divorced 403 (10) 3,051 (10) 4,487 (10) 1,587 (9)  

   Widow/widower 318 (8) 2,395 (7) 3,659 (8) 1,303 (8)  

Smoking status     0.34 

   Never smoker 1,565 (39) 12,585 (40) 18.452 (40) 6,846 (40)  

   Former smoker 1,626 (41) 12,311 (39) 18,104 (39) 6,656 (39)  

   Current smoker 820 (21) 6.375 (20) 9.563 (21) 3,554 (21)  

Pack-years 22 (7-32) 22.0 (7-30) 22 (7-30) 22 (6-30) 0.48 

Cigarettes/day 15 (10-20) 15 (10-20) 15 (10-20) 15 (10-20) 0.68 

Physical acitivity during work     0.60 

   Mainly sitting 1,239 (31) 9,362 (30) 13,701 (30) 5,160 (30)  

   Sitting, standing, walking 968 (24) 7,730 (25) 11,292 (24) 4,210 (25)  

   Walking and lifting 568 (14) 4,625 (15) 6,900 (15) 2,436 (14)  

   Heavy workload 111 (3) 806 (3) 1,222 (3) 428 (3)  

   Not working 1,125 (28) 8,748 (28) 13,004 (28) 4,822 (28)  

Physical activity during leisure     0.78 

   < 2 hours/week 274 (7) 2,165 (7) 3,130 (7) 1,179 (7)  

   2-4 hours/week 1,695 (42) 13,493 (43) 20,011 (43) 7,429 (44)  

   > 4 hours/week light 1,770 (44) 13,633 (44) 20,136 (44) 7,398 (43)  

   > 4 hours/week heavy 272 (7) 1,980 (6) 2,842 (6) 1,050 (6)  

Values are shown as number (percent) or mean (interquartile range). 
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Genotype combination group Allergic
disease

Total P-valueOR (95 % CI)

Fast metabolizers 1,078 4,011 1.00 (reference group) 0.15 (for trend)

Intermediate-slow 11,760 46,119 0.92 (0.85 – 0.99) 0.02

Slow metabolizers 4,384 17,056 0.93 (0.86 – 1.00) 0.05

Intermediate-fast 8,061 31,271 0.93 (0.86 – 1.01) 0.06

OR for allergic disease∆ alcohol
consumption
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Drinks/week TotalAllergic disease OR (95 % CI) P value for-trendOR for allergic disease

0.67

0 2,764549 0.91 (0.82 – 1.01)

1 – 6 11,3642,817 1.00 (reference group)

7 – 13 13,1022,991 0.97 (0.91 – 1.03)

14 – 20 8,9861,907 0.94 (0.88 – 1.01)

21 – 28 5,3861,148 1.01 (0.94 – 1.10)

5,7501,111> 28 0.98 (0.91 – 1.07)

0.03

0 8,0302,258 1.04 (0.98 – 1.10)

1 – 6 22,1406,508 1.00 (reference group)

7 – 13 15,1634,207 0.98 (0.94 – 1.03)

14 – 20 6,7601,790 0.96 (0.91 – 1.03)

21 – 28 2,254602 0.99 (0.89 – 1.09)

1,144290> 28 0.92 (0.80 – 1.06)

Men

Women
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Figure E3
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Drinks/week TotalAllergic disease OR (95 % CI) P value for-trendOR for allergic disease

0.03

0 5,2911,587 1.01 (0.94 – 1.08)

1 – 6 19,7946,296 1.00 (reference group)

7 – 13 13,7364,247 1.01 (0.96 – 1.06)

14 – 20 6,5511,870 0.96 (0.90 – 1.03)

21 – 28 2,832769 0.95 (0.87 – 1.04)

2,7162,832> 28 0.91 (0.83 – 1.01)

0.51

0 5,5031,220 1.04 (0.97 – 1.13)

1 – 6 13,7013,029 1.00 (reference group)

7 – 13 14,5292,951 0.94 (0.88 – 0.99)

14 – 20 9,1951,827 0.95 (0.89 – 1.01)

21 – 28 4,808981 1.05 (0.96 – 1.14)

4,178750> 28 0.97 (0.87 – 1.07)

Age < 58

Age ≥ 58
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Drinks/week TotalAllergic disease OR (95 % CI) P value for-trendOR for allergic disease

0.17

0 4,1161,146 0.96 (0.89 – 1.04)

1 – 6 15,5824,735 1.00 (reference group)

7 – 13 11,7033,308 0.98 (0.93 – 1.03)

14 – 20 5,2771,384 0.94 (0.87 – 1.03)

21 – 28 2,111562 0.99 (0.89 – 1.10)

1,370335> 28 0.90 (0.79 – 1.02)

0.09

0 6,6621,655 1.02 (0.95 – 1.08)

1 – 6 17,8454,567 1.00 (reference group)

7 – 13 16,4913,865 0.99 (0.94 – 1.04)

14 – 20 10,4302,304 0.97 (0.91 – 1.03)

21 – 28 5,5131,184 1.01 (0.93 – 1.08)

5,5111,063> 28 0.93 (0.86 – 1.01)
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