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Background: No dietary factors have yet been shown to conclusively impact the incidence of microscopic colitis (MC). Here, we sought to 
examine the relationship between alcohol intake and the risk of MC.
Methods: We conducted a prospective cohort study of 209,902 participants (age range, 28.5–66.7 years) enrolled in the Nurses’ Health Study 
(NHS) and Nurses’ Health Study II (NHSII). Validated data on alcohol consumption were collected at baseline in 1986 in the NHS and 1991 in 
the NHSII and updated every 4 years. Diagnoses of MC were confirmed via review of histopathology data. We used Cox proportional hazards 
modeling to estimate adjusted hazard ratios (aHRs) and 95% confidence intervals (CIs).
Results: Through 2016 in the NHS and 2017 in the NHSII, we confirmed 352 incident cases of MC over 4,994,324 person-years. Higher alcohol 
consumption was associated with an increased risk of MC (Ptrend < .001). Compared to non-users, the aHRs of MC were 1.20 (95% CI, 0.86–1.67) 
for consumers of 0.1–4.9 g/day of alcohol, 1.90 (95% CI, 1.34–2.71) for consumers of 5–14.9 g/day, and 2.31 (95% CI, 1.54–3.46) for consumers 
of ≥15 g/day. The associations were consistent across the histologic subtypes of collagenous and lymphocytic colitis (Pheterogeneity = .523). When 
stratified by alcohol type, the risk according to every 2 servings/week appeared to be strongest with consumption of wine (aHR, 1.08; 95% CI, 
1.04–1.12) as compared to beer (aHR, 1.01; 95% CI, 0.91–1.12) or liquor (aHR, 1.00; 95% CI, 0.92–1.09).
Conclusions: Alcohol consumption was associated with an increased risk of MC. Further studies are needed to determine the mechanism 
underlying these associations, as well as the impact of reducing alcohol intake in patients with MC.
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Introduction
Microscopic colitis (MC) is a chronic inflammatory disease 
of the large intestine characterized by watery, non-bloody 
diarrhea and histologic findings of lymphocytic infiltration, 
with or without expansion of the lamina propria.1 The disease 
most often occurs among older women, and has a compar-
able incidence to the more traditional inflammatory bowel 
diseases: Crohn’s disease (CD) and ulcerative colitis (UC).1–3 
While the precise pathogenesis of MC remains unknown, it 
is believed to result from a dysregulated mucosal immune re-
sponse to luminal antigens in genetically predisposed individ-
uals.4 Prior epidemiological studies have largely been limited 
to identifying pharmacologic triggers for MC,5,6 with a par-
ticular focus on medications that are known to modulate the 

epithelial barrier or the gut microbiome function, including 
non-steroidal anti-inflammatory drugs (NSAIDs), selective 
serotonin reuptake inhibitors (SSRIs), proton pump inhibi-
tors (PPIs), statins, and menopausal hormone therapy. In con-
trast, the roles of dietary factors, which also have a significant 
impact on shaping the gut microenvironment and mucosal 
barrier function,7 have largely been unexplored. A few diet-
ary factors have been studied, but none have yet been con-
clusively associated with risk of MC.8,9 Specifically, several 
studies have investigated whether alcohol intake increases the 
risk of MC,8,10–12 but these studies have yielded conflicting re-
sults and been limited by a combination of small sample sizes, 
failure to control for known risk factors for MC, a lack of 
detailed data on amounts and types of alcohol use, and an 
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inability to prospectively ascertain other lifestyle factors and 
diagnoses of MC.

Alcohol consumption has known deleterious effects on 
the gastrointestinal system. Regular alcohol use may impair 
epithelial barrier function and alter the gut microbial com-
position, ultimately resulting in mucosal injury.13 These bio-
logic effects of alcohol intake are in large part thought to 
be responsible for the development of gastritis, peptic ulcer 
disease, and non-infectious diarrhea.14 Interestingly, many 
of these complications are more pronounced in older adults 
where there is evidence of declines in mucosal integrity and 
microbial diversity.15 We therefore sought to examine the re-
lationship between alcohol intake and the risk of MC using 
2 large, prospective cohort studies of US women: the Nurses’ 
Health Study (NHS) and Nurses’ Health Study II (NHSII). 
As both the NHS and NHSII include more than 30  years 
of follow-up data with repeated measurements of validated 
dietary and lifestyle factors, these cohorts provide us with a 
unique opportunity to examine this relationship while also 
accounting for other important confounders.

Methods
Study Population
Our study population was comprised of participants enrolled 
in the NHS and NHSII. The NHS consists of 121,701 female 
US nurses who have completed health-related questionnaires 
by mail every 2  years since 1976. Similarly, the NHSII in-
cludes 116,667 female US nurses who have completed health-
related questionnaires by mail every other year since 1989. 
Overall, participants enrolled in the NHS and NHSII have 
returned follow-up questionnaires at response rates greater 
than 90%.

As physicians were not routinely collecting random biop-
sies as part of the diagnostic workup for suspected MC until 
at least the mid-1980s16 and the dietary data were first col-
lected in 1991 in NHSII, we limited our follow-up to 1986–
2016 in the NHS and 1991–2017 in the NHSII. We excluded 
participants who died before the start of follow-up; who 
were diagnosed with CD, UC, indeterminate colitis, or MC 
prior to the start of follow-up; or who were lost to follow-up 
prior to 1986 in the NHS and 1991 in the NHSII. Similarly, 
participants were excluded for missing data pertaining to 
the date of birth, body mass index (BMI), alcohol consump-
tion, or diagnosis of MC (Fig. 1). Our study was approved 
by the Institutional Review Board of Mass General Brigham 
(Boston, MA).

Assessment of Alcohol Consumption
The NHS began assessing alcohol consumption in 1980 via 
semiquantitative food frequency questionnaires (SFFQ). 
These dietary questionnaires were repeated in 1984, 1986, 
and then every 4 years thereafter. Likewise, the SFFQ was first 
administered to NHSII participants in 1991 and was updated 
every 4 years.

Participants were asked to report the average number of 
servings of alcohol consumed using non-linear categories 
ranging from 1–3 servings/month to ≥6 servings/day, both in 
total and with respect to each alcohol type (light beer, regu-
lar beer, white wine, red wine, liquor), as well as the average 
number of days per week that they consumed alcohol. The 
total quantity of alcohol consumed was calculated by multi-
plying the average number of servings consumed daily by the 
average alcohol content of each type of alcoholic beverage 
(11.3 g of alcohol per 12 ounces of light beer, 12.8 g per 12 
ounces of beer, 11.0 g per 5 ounces of wine, and 14.0 g per 

Figure 1.  Flowchart of eligible participants in the study. Abbreviations: BMI, body mass index; IBD, inflammatory bowel disease; MC, microscopic 
colitis; NHS, Nurses’ Health Study; NHSII, Nurses’ Health Study II.
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1.5 ounces of liquor). For the purposes of our analysis, al-
cohol consumption was collected at baseline in 1986 in the 
NHS and 1991 in the NHSII and updated every 4 years there-
after. The average quantity of daily alcohol consumption was 
sub-classified as 0  g, 0.1–4.9  g, 5–14.9  g, and ≥15  g. The 
average number of servings of alcohol consumed per unit of 
time was sub-classified as 0 servings/month, 1 serving/month 
to 6 servings/week, and ≥7 servings/week. When alcohol use 
was analyzed as a continuous variable, every unit increase 
was defined as 2 servings per week.

The assessment of alcohol consumption from the SFFQ has 
previously been validated. In a 1991 study of 173 women in 
the NHS and 136 men in the Health Professional Follow-Up 
Study, alcohol intake reported through a self-administered 
SFFQ had excellent correlations with alcohol consumption 
estimated from multiple 7-day diet records (Spearman correl-
ation coefficients: 0.90 for women, 0.86 for men).17

Assessment of Covariates
At baseline and every 2 years thereafter, age, height, weight, 
menopause status, use of menopausal hormone therapy 
(never, prior, current), and smoking status (never, prior, cur-
rent) were assessed and updated. The BMI was calculated 
from the reported height and weight values. Self-reported 
weights have been previously validated in a 1990 subset of 
NHS participants, and had a high correlation overall with 
in-person weight measurements (r = 0.97).18 Data on phys-
ical activity were also collected in both cohorts, starting in 
1984 in the NHS and 1989 in the NHSII and updated every 
4 years. Briefly, we estimated the total metabolic equivalent 
(MET)-hours/week of physical activity using the reported 
average time per week spent doing any of the following ac-
tivities: walking or hiking outdoors; jogging; running; bicyc-
ling; swimming laps; playing tennis; calisthenics, aerobics, 
aerobic dance, or using a rowing machine; playing squash 
or racquet ball; and performing other vigorous activities. We 
also assessed diet quality using the Alternative Healthy Eating 
Index (AHEI) score, which was constructed based on dietary 
factors that have been consistently associated with a lower 
risk of chronic diseases.19 This information was updated every 
4 years with each SFFQ.

We also collected data pertaining to the use of NSAIDs, 
PPIs, SSRIs, and statins. Consistent with our prior studies, 
we defined regular use of NSAIDs as intake of ≥2 tablets 
per week.6 Of note, the NHS questionnaire did not collect 
data pertaining to NSAID use until 1990, while the NHSII 
has collected data on NSAID use since the cohort inception 
in 1989. Likewise, the use of PPIs, SSRIs, and statins was 
first consistently recorded starting in 2000 and 2001 for the 
NHS and NHSII, respectively. Lastly, we used updated me-
dian income data derived from census tracts as a measure of 
socioeconomic status.

Outcome Ascertainment
At the start of both the NHS and NHSII, participants re-
ported diagnoses of colitis on the questionnaires through 
open-ended responses. Starting in 1982 for the NHS and 
1991 for the NHSII, questionnaires were expanded to spe-
cifically ask participants whether they had been diagnosed 
with any form of inflammatory bowel disease. A  follow-up 
supplementary questionnaire was sent to distinguish whether 
they had been diagnosed with CD, UC, MC, or other types of 

colitis (eg, ischemic, etc.), as well as to obtain permission to 
request their medical records for review. Starting in 2014 for 
the NHS and 2015 for the NHSII, the general questionnaires 
were expanded to separately ask participants about diagnoses 
of CD, UC, and MC.

For all patients reporting a diagnosis of MC, medical re-
cords were reviewed independently by 2 gastroenterologists 
blinded to patient exposures. Pertinent clinical, endoscopic, 
and histopathologic findings were extracted, and cases of MC 
were confirmed and sub-typed as either lymphocytic colitis 
(LC) or collagenous colitis (CC) based on a review of histo-
pathology reports. Participants who declined a medical re-
cord review were excluded from the analyses.

Statistical Analysis
Person-time of follow-up was calculated from the baseline 
questionnaire (1986 for the NHS and 1991 for the NHSII) 
until a diagnosis of MC, CD, or UC; the last returned ques-
tionnaire; the end of follow-up (2016 for the NHS and 2017 
for the NHSII); or death, whichever occurred first. We used 
Cox proportional hazards modeling with time-varying ex-
posures to estimate adjusted hazard ratios (aHRs) and 
95% confidence intervals (CIs). Models were stratified by 
age and time period (2-year intervals), and multivariable 
models were additionally adjusted for BMI (≤25, 25  <30, 
≥30 kg/m2), menopausal hormone therapy (pre-menopausal, 
never, former, current), physical activity (MET hours/week, 
by quartile), NSAID use (<2 tablets/week, ≥2 tablets/week), 
smoking status (never, former, current), and diet quality 
(AHEI score, by quartiles). Tests for linear trend were per-
formed using alcohol intake as a continuous variable and 
did not include non-users.

We conducted several exploratory analyses. First, we as-
sessed the presence of a non-linear relationship between al-
cohol intake and risk of MC using restricted cubic spline 
curves.20 Second, we examined the relationship between 
alcohol intake and risk of MC according to subgroups 
defined by age (<50 years vs. ≥50 years), BMI (≤25 kg/m2 
vs. >25 kg/m2), NSAID use (<2 tablets/week vs. ≥2 tablets/
week), smoking status (never vs. ever), and use of meno-
pausal hormone therapy (never vs. ever). We tested for po-
tential effect modification using the log likelihood ratio 
test. Third, we explored whether the associations differed 
by alcohol subtype. Lastly, we explored whether the asso-
ciations between alcohol intake and risk of MC differed 
by the subtypes of CC and LC. The P values for hetero-
geneity were calculated using the log likelihood ratio test, 
comparing model fit between models allowing separate as-
sociations across disease subtypes and models assuming a 
common effect.21

In a sensitivity analysis, we investigated whether use of 
PPIs, SSRIs, or statins significantly confounded the rela-
tionship between alcohol consumption and risk of MC by 
limiting our follow-up analyses to data collected after 2000 
in the NHS and 2001 in the NHSII, when these medications 
were widely available in the market and consistently ascer-
tained in our cohorts. Additionally, we conducted latency 
analyses evaluating the relationship between alcohol con-
sumption and risk of MC according to various exposure 
time windows (ie, baseline, 0 to <4  years, 4 to <8  years, 
8 to <12  years). Furthermore, since the NHS and NHSII 
participants first reported diagnoses of MC via primary 
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(rather than supplementary) questionnaires in 2014 and 
2015, respectively, we also conducted an analysis limiting 
our study population to participants who returned these 
particular questionnaires. Last, we conducted an analysis 
of the relationship between alcohol intake and risk of MC 
while adjusting for the median annual income, to control 
for socioeconomic status.

For all analyses, P values ≤ .05 were considered statistically 
significant. All analyses were performed using SAS 9.4 (SAS 
Institute, Cary, NC).

Ethical Approval
The study protocol was approved by the Institutional Review 
Board of Mass General Brigham, which allowed participants’ 
completion of questionnaires to be considered as implied con-
sent.

Results
Study Population Characteristics
After exclusions, our study population at baseline was com-
prised of 103,042 participants from the NHS and 106,860 
participants from the NHSII, for a total study size of 209,902 
(Fig. 1). The mean age of participants at baseline was 
45.5 years old (SD, 9.4 years; range, 28.5–66.7 years; Table 
1), and the majority of participants were post-menopausal 
(74.7%) and White (93.6%). As shown in Table 1, partici-
pants consuming higher amounts of alcohol were more likely 
to be smokers, were more likely to use menopausal hormone 
therapy and NSAIDs, had a higher level of physical activity, 
and had a lower BMI. Diet quality as measured by AHEI was 
similar across different categories of alcohol consumption.

We documented 352 incident causes of MC over 31 years 
and 4,994,324 person-years of follow-up. The overall  

Table 1.  Baseline characteristics of participants according to alcohol consumption

Baseline consumption of alcohol (g/day)

0 (n = 50,744) 0.1–4.9 (n = 99,204) 5–14.9 (n = 43,600) ≥15 (n = 16,354)

Cohort

  NHS, n (%) 27,472 (54.1) 44,844 (45.2) 20,314 (46.6) 10,412 (63.7)

  NHSII, n (%) 23,272 (45.9) 54,360 (54.8) 23,286 (53.4) 5942 (36.3)

Age, years, mean (SD) 47.0 (9.8) 44.6 (9.2) 44.8 (9.1) 48.0 (8.9)

White, % 90.1 94.0 96.1 95.9

BMI, kg/m2, mean (SD) 27.8 (6.9) 27.4 (6.3) 25.6 (5.2) 24.8 (5.0)

BMI, kg/m2, categories

  18.5 ≤ 25 39.8 40.7 52.5 58.0

  25 < 30 29.2 31.3 30.4 28.2

  ≥30 31.1 28.0 17.1 13.7

Postmenopausal, % 66.9 76.5 79.1  76.4

Menopausal hormone therapy use:

  Never use, % 50.0 44.9 41.5 39.2

  Prior use, % 41.2 43.9 44.7 49.1

  Current use, % 8.8 11.3 13.8 11.7

Physical activity, MET-hr/wk (SD) 14.7 (21.2) 17.8 (21.9) 21.0 (23.1) 19.2 (21.9)

Physical activity, by quartile:

  Q1, % 32.8 24.0 19.1 22.0

  Q2, % 26.3 25.5 22.7 24.6

  Q3, % 22.8 25.8 25.9 24.9

  Q4, % 18.2 24.7 32.4 28.5

NSAID use ≥ 2x/wk, % 34.0 46.2 49.3 45.2

Smoking status:

  Never smoker, % 66.2 55.2 44.2 28.3

  Prior smoker, % 28.0 38.8 49.0 59.7

  Current smoker, % 5.8 6.0 6.8 12.0

  Total pack years, years (SD) 26.1 (23.3) 20.5 (19.6) 19.6 (19.4) 27.1 (24.4)

Diet quality, AHEI average 49.2 (10.1) 50.6 (9.4) 52.4 (9.1) 50.8 (9.1)

Diet quality, in AHEI quartiles:

  Q1, % 31.8 24.8 18.2 23.3

  Q2, % 24.9 25.6 23.6 25.5

  Q3, % 21.8 25.1 27.9 26.6

  Q4, % 21.4 24.5 30.4 24.6

Abbreviations: AHEI, Alternate Healthy Eating Index; BMI, body mass index; METs, metabolic equivalents; NHS, Nurses’ Health Study; NHSII, Nurses’ 
Health Study II; NSAID, nonsteroidal anti-inflammatory drugs; Q, quartile; SD, standard deviation.
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incidence of MC in our study population was 7.0 cases per 
100,000 person-years.

Alcohol Consumption and Risk of MC
In our pooled analysis, higher alcohol consumption was asso-
ciated with increased incidences of MC in both age-adjusted 
(Ptrend < .001) and multivariable-adjusted (Ptrend < .001) models 
(Table 2). Compared to non-users, the aHRs of MC were 1.20 
(95% CI, 0.86–1.67) for consumers of 0.1–4.9 g/day of alco-
hol, 1.90 (95% CI, 1.34–2.71) for consumers of 5–14.9 g/day, 
and 2.31 (95% CI, 1.54–3.46) for consumers of ≥15 g/day 
(Table 2). We also examined the associations between alcohol 
consumption and risk of MC according to histologic subtypes 
of CC and LC, and observed no evidence for heterogeneity 
(Pheterogeneity  =  .523). Specifically, compared to non-users, the 
aHRs with consumption of ≥15g/day of alcohol were 2.78 
(95% CI, 1.49–5.18; Ptrend = .005) for CC and 2.52 (95% CI, 
1.43–4.45; Ptrend = .001) for LC.

Exploratory Analyses
We conducted several exploratory analyses. First, we evaluated 
the presence of a non-linear association between alcohol con-
sumption and risk of MC by constructing cubic spline curves 
(Supplementary Fig. 1). There was a linear dose-responsive 
association between alcohol consumption and risk of MC 
(Plinear trend < .001). Although the association between alcohol 
consumption and risk of MC appeared to peak at moderate 
consumption of 10–15 g/day (HR ~ 2.3), the risk continued 
to be significant up to 30 g/day of consumption (HR ~ 1.9). 
Second, we explored whether the association between alco-
hol consumption and risk of MC was consistent according to 
selected strata defined by cohort, age, BMI, smoking, and use 
of NSAIDs or menopausal hormone therapy, and observed no 
evidence of an effect modification (all Pinteraction values ≥ .171; 
Table 3). Third, we explored whether the association differed 
by alcohol subtype. The associations appeared to be particu-
larly significant with wine consumption (aHR per every 2 
servings/week, 1.08; 95% CI, 1.04–1.12), while intake of beer 
(aHR, 1.01; 95% CI, 0.91–1.12) and liquor (aHR, 1.00; 95% 

CI, 0.92–1.09) were not associated with increased risk (Table 
4). Furthermore, the associations between wine consumption 
and risk of MC were similar regardless of whether white or 
red wine was consumed. Compared to non-users, the aHRs 
of MC in those consuming ≥7 servings/week were 2.17 (95% 
CI, 1.45–3.25) for red wine and 2.00 (95% CI, 1.35–2.96) for 
white wine (Supplementary Table 1).

Sensitivity Analysis
We considered the possibility that our observed associations 
may have been confounded by other established pharma-
cologic risk factors for MC, such as use of PPIs, SSRIs, 
and statins. We therefore restricted our follow-up analysis 
to data collected after 2000 for the NHS and 2001 for the 
NHSII, when this information was consistently collected in 
our cohorts, and observed similar associations (Ptrend < .001). 
Compared to non-users, participants consuming 5–14.9  g/
day (aHR, 1.93; 95% CI, 1.32–2.81) and ≥15 g/day (aHR, 
2.52; 95% CI, 1.65–3.85) of alcohol were at increased risk of 
MC, while participants consuming 0.1–4.9 g/day (aHR, 1.18; 
95% CI, 0.82–1.69) were not at significantly increased risk. 
Additionally, when stratifying according to the current use of 
these medications, we observed no evidence of an effect modi-
fication (PPIs, Pinteraction = .677; SSRIs, Pinteraction = .788; statins, 
Pinteraction =  .748; Supplementary Table 2). We also examined 
the associations according to various exposure time win-
dows. Alcohol intake was associated with increased risk of 
MC at 0 to <4 years (primary analyses), 4 to <8 years, and 8 
to <12 years (all Ptrend values < .001), but the strongest associ-
ation was at 8 to <12 years prior to diagnosis (Supplementary 
Table 3). Furthermore, limiting our study population to par-
ticipants that returned the 2014 questionnaire in the NHS 
and the 2015 questionnaire in the NHSII did not materially 
alter our estimates. Compared to non-users, the aHRs of MC 
were 1.11 (95% CI, 0.79–1.56) for consumers of 0.1–4.9 g/
day of alcohol, 1.77 (95% CI, 1.23–2.55) for consumers of 
5–14.9 g/day, and 2.15 (95% CI, 1.42–3.26) for consumers 
of ≥15 g/day. Last, when controlling for socioeconomic sta-
tus, higher consumption of alcohol intake remained signifi-

Table 2.  Alcohol consumption and risk of microscopic colitis

Cumulative average consumption of alcohol (g/day) Ptrend Pheterogeneity

0 0.1–4.9 5–14.9 ≥ 15

Person-years of follow-up 1,151,326 2,386,316 1,060,502 396,180   

Microscopic colitis:

  Number of cases, n 47 139 111 55  .523

  Age-adjusted, HR (95% CI) 1 (ref) 1.35 (0.97–1.89) 2.37 (1.68–3.34) 2.99 (2.02–4.42) <.001  

  MV-adjusted, HR (95% CI)a 1 (ref) 1.20 (0.86–1.67) 1.90 (1.34–2.71) 2.31 (1.54–3.46) <.001  

Lymphocytic colitis:

  Number of cases, n 25 68 49 27   

  Age-adjusted, HR (95% CI) 1 (ref) 1.25 (0.79–1.98) 1.95 (1.20–3.16) 2.80 (1.62–4.83) <.001  

  MV-adjusted, HR (95% CI)a 1 (ref) 1.17 (0.74–1.86) 1.74 (1.06–2.87) 2.52 (1.43–4.45) .001  

Collagenous colitis:

  Number of cases, n 17 66 56 28   

  Age-adjusted, HR (95% CI) 1 (ref) 1.76 (1.03–3.00) 3.30 (1.92–5.69) 4.15 (2.27–7.60) <.001  

  MV-adjusted, HR (95% CI)a 1 (ref) 1.46 (0.85–2.50) 2.39 (1.36–4.18) 2.78 (1.49–5.18) .005  

Abbreviations: CI, confidence interval; HR, hazard ratio; MV, multivariable.
aAdjusted for age, body mass index, menopausal hormone therapy, physical activity, nonsteroidal anti-inflammatory drug use, smoking status, Alternative 
Healthy Eating Index, and cohort.

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izab220#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izab220#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izab220#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izab220#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izab220#supplementary-data
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cantly associated with increased risk of MC (Ptrend < .001). 
Compared to non-users, the aHR of MC with ≥15 g/day of 
alcohol consumption was 2.23 (95% CI, 1.49–3.35).

Discussion
In this study of 2 large, prospective cohorts of US female 
nurses, we found that alcohol consumption was associated 
with increased risk of developing MC. The relationship be-
tween alcohol intake and risk of MC appeared to be dose-
responsive and independent of other known risk factors for 
MC, including known pharmacologic risk factors,5,6 smok-
ing,10,22 and BMI.23

Our findings are consistent with 2 of the 4 prior studies 
that examined the relationship between alcohol intake and 
risk of MC. In 2011, Yen and colleagues10 showed in a case-
control study (n = 340 cases) that patients with MC were 
more likely to consume alcohol on a daily or weekly basis 
compared to controls (P = .036), although notably this 
study did not control for potential confounders. More re-
cently, Larsson et al.8 performed a prospective cohort study 
(n = 135 cases) in Sweden examining the impact of a var-
iety of dietary and lifestyle factors on risk of MC, including 
the average quantity of alcohol consumed per day. In this 
study, alcohol intake was associated with increased risk 
of MC (highest quartile of alcohol use: aHR, 1.89; 95% 
CI, 0.82–4.33; Ptrend  =  .032) when adjusted for sex, age, 
and smoking. Our findings are in contrast with 2 prior 
studies. In a case-control study of 131 MC cases, Roth 
et  al.11 showed that any alcohol consumption within the 
prior month was not associated with risk of MC (OR, 1.25; 
95% CI, 0.52–2.97). Likewise, Verhaegh et al.12 conducted 
a case-control study (n = 171 cases) in the Netherlands to 
broadly identify potential risk factors for MC. No associ-
ation was seen between alcohol use and risk of MC (OR, 
1.65; 95% CI, 0.84–3.25; P = .147), with alcohol intake 
defined as a period of excessive alcohol consumption (>21 
units/week for ≥3  months) occurring any time before the 
participant was diagnosed with MC. Our prospective co-
hort study of over 200,000 participants and 350 incident 
cases of MC with repeated measurements of amounts and 
types of alcohol consumption and other important lifestyle 
factors and medications over more than 30  years signifi-

Table 3.  Association between alcohol consumption and risk of 
microscopic colitis according to selected strata

Alcohol intake (g) Cases Person-years MVa (95% CI) Pinteraction

NHS: .992

  0 26 653,381 1.00 (1.00–1.00)  

  0.1–4.9 84 1,160,302 1.46 (0.93–2.27)  

  5–14.9 55 528,005 1.83 (1.13–2.97)  

  ≥15 40 260,514 2.71 (1.62–4.52)  

NHSII:  

  0 21 497,945 1.00 (1.00–1.00)  

  0.1–4.9 55 1,226,014 0.95 (0.57–1.58)  

  5–14.9 56 532,497 2.00 (1.18–3.37)  

  ≥15 15 135,665 1.80 (0.91–3.58)  

Age ≤ 50 years: .620

  0 34 729,772 1.00 (1.00–1.00)  

  0.1–4.9 101 1,740,450 1.09 (0.74–1.62)  

  5–14.9 79 773,763 1.68 (1.11–2.55)  

  ≥15 42 242,217 2.47 (1.54–3.96)  

Age > 50 years:  

  0 13 421,553 1.00 (1.00–1.00)  

  0.1–4.9 38 645,866 1.56 (0.82–2.94)  

  5–14.9 32 286,739 2.62 (1.34–5.11)  

  ≥15 13 153,962 2.00 (0.90–4.43)  

BMI ≤ 25 kg/m2: .263

  0 20 458,945 1.00 (1.00–1.00)  

  0.1–4.9 67 970,100 1.39 (0.84–2.31)  

  5–14.9 69 555,509 2.26 (1.35–3.77)  

  ≥15 27 228,502 1.98 (1.09–3.60)  

BMI > 25 kg/m2:  

  0 27 692,381 1.00 (1.00–1.00)  

  0.1–4.9 72 1,416,216 1.11 (0.70–1.74)  

  5–14.9 42 504,993 1.71 (1.03–2.83)  

  ≥15 28 167,678 3.28 (1.89–5.70)  

<2 NSAID tables per week: .312

  0 16 698,150 1.00 (1.00–1.00)  

  0.1–4.9 55 1,193,189 1.74 (0.99–3.07)  

  5–14.9 31 498,979 2.07 (1.11–3.86)  

  ≥15 23 196,641 3.62 (1.86–7.05)  

≥2 NSAID tablets per week:  

  0 31 453,175 1.00 (1.00–1.00)  

  0.1–4.9 84 1,193,127 0.97 (0.64–1.48)  

  5–14.9 80 561,523 1.77 (1.15–2.72)  

  ≥15 32 199,538 1.80 (1.08–3.01)  

Never smoker: .171

  0 28 776,512 1.00 (1.00–1.00)  

  0.1–4.9 64 1,320,582 1.22 (0.78–1.91)  

  5–14.9 39 468,628 1.89 (1.15–3.12)  

  ≥15 14 114,702 2.69 (1.40–5.18)  

Prior or current smoker:  

  0 19 374,814 1.00 (1.00–1.00)  

  0.1–4.9 75 1,065,734 1.19 (0.71–1.97)  

  5–14.9 72 591,874 1.87 (1.12–3.13)  

  ≥15 41 281,478 2.22 (1.28–3.87)  

MHT non-user: .267

  0 15 693,031 1.00 (1.00–1.00)  

Alcohol intake (g) Cases Person-years MVa (95% CI) Pinteraction

  0.1–4.9 37 1,267,432 1.11 (0.60–2.05)  

  5–14.9 35 519,451 2.25 (1.19–4.24)  

  ≥15 14 186,555 2.47 (1.16–5.29)  

MHT user:  

  0 32 458,295 1.00 (1.00–1.00)  

  0.1–4.9 102 1,118,884 1.24 (0.83–1.85)  

  5–14.9 76 541,051 1.83 (1.19–2.81)  

  ≥15 41 209,624 2.30 (1.42–3.72)  

Abbreviations: BMI, body mass index; CI, confidence interval; MHT, 
menopausal hormone therapy; MV, multivariable; NHS, Nurses’ Health 
Study; NHSII, Nurses’ Health Study II; NSAIDs, nonsteroidal anti-
inflammatory drugs.
aAdjusted for age, body mass index, menopausal hormone therapy, 
physical activity, nonsteroidal anti-inflammatory drug use, smoking status, 
Alternative Healthy Eating Index, and cohort, minus the selected strata.

Table 3.  Continued
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cantly expands upon these prior studies and represents the 
most comprehensive study to date on the relationship be-
tween alcohol consumption and risk of MC.

Our findings are biologically plausible. Studies have 
shown that alcohol intake degrades the integrity of the in-
testinal epithelial barrier, increasing the trans-epithelial and 
paracellular passage of luminal antigens into the lamina 
propria and bloodstream.13,14,24 Additionally, alcohol con-
sumption is associated with dysbiosis and intestinal bac-
terial overgrowth, leading to an increased abundance of 
endotoxin-producing bacteria.13,14 While the pathogenesis 
of MC is largely unknown, growing evidence suggests that 
development of MC is related to an impaired barrier func-
tion and changes in the composition and function of the gut 
microbiome.25,26 Therefore, it is possible that alcohol con-
sumption influences the risk of MC through its effect on the 
gut microbiota and barrier function. Along the same lines, 
alcoholic beverages (particularly wine and beer) contain 
high concentrations of sulphites, which have been shown 
to cause colonocyte damage that leads to increased intes-
tinal permeability and inflammation, and thus may also play 
a role in precipitating MC.8,27 Nevertheless, our suggestive 
finding that the association may be stronger with or limited 
to wine consumption could also point to a role for a number 
of polyphenol compounds that are uniquely found in wine, 
such as non-flavonoids that originate from the pulp, skin, 
and seeds of grapes.28 These compounds have been shown 
to have a dramatic effect on the gut microbiota composition 
and to exert a prebiotic effect.29,30

Our study has a number of strengths. First, it represents 
the largest study to date to examine the association between 
alcohol intake and risk of MC. Second, the prospective de-
sign of our study minimized the risk of selection and recall 
biases, which are a limitation of prior case-control studies. 
Third, we had detailed, updated, and validated data on alco-
hol consumption over a long period of time, which allowed us 
to comprehensively examine the relationship between alcohol 
intake and risk of MC. The repeated assessments and high 
correlation between our method of assessment and diet re-

cords minimized the potential for measurement errors. Lastly, 
to reduce confounding, we controlled for other lifestyle  
factors, dietary patterns, and pharmacologic risk factors as-
sociated with MC.

We acknowledge several limitations. The majority of par-
ticipants in our study were White, female nurses living in the 
United States, potentially limiting the generalizability of our 
findings. While alcohol consumption habits certainly vary by 
country,31 we note that postmenopausal women represent the 
highest risk category5 and, to our knowledge, there are no 
data that suggest differences in MC according to race and 
ethnicity. Although cases of MC were confirmed through a 
medical record review, we relied on self-reports of diagno-
ses for the initial query; during early periods of follow-up 
in our study, MC was not widely appreciated and biopsies 
of normal-appearing tissue were not always performed. 
Therefore, underreporting of diagnoses or undiagnosed in-
stances of disease may have led to outcome misclassifications. 
However, we highlight that our participants are health profes-
sionals who generally have good access to health care and are 
health-care literate. Additionally, the incidence of MC in our 
study population is similar to that of other population-based 
studies.1,2 Lastly, we note that MC continues to be an under-
studied disease; therefore, it is possible that our observed  
association may be related to residual confounding from un-
recognized risk factors.

Conclusion
In summary, we found that alcohol consumption was associ-
ated with increased risk of MC in a large, prospective cohort 
study of female health professionals. Furthermore, the associ-
ation of alcohol intake and increased risk of MC appears to 
be predominantly driven by the consumption of wine. Our 
findings add to the limited existing evidence that alcohol con-
sumption is a risk factor for MC. Further studies are needed 
to elucidate the pathophysiology underlying the associations 
observed in this study, including investigations of the impact 
of the different types of alcohol on the gut microbiota and 
epithelial barrier function in older adults. Additionally, pro-
spective studies are warranted to determine whether reduc-
tion in alcohol intake among patients with established MC 
leads to improvements in symptoms.

Supplementary data
Supplementary data are available at Inflammatory Bowel 
Diseases online.

Supplemental Figure 1: Alcohol Intake and Risk of 
Microscopic Colitis.
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