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Abstract

Objective: To examine the association between the previous use of nonolmesartan angiotensin receptor
blockers (ARBs) or any angiotensin-converting enzyme inhibitor (ACEI) and subsequent villous atrophy
(VA) in patients with small-intestinal VA as compared with general populationematched controls.
Patients and Methods: A case-control study was used to link nationwide histopathology data on 2933
individuals with VA (Marsh grade 3) to the Swedish Prescribed Drug Register to examine the association
between the use of ACEIs as well as the specific use of ARBs other than olmesartan and subsequent VA.
Olmesartan is not available in Sweden, so this exposure was not examined. All individuals with VA had
biopsies performed between July 1, 2005, and January 29, 2008, and matched on age, sex, calendar period
of birth, and county of residence to 14,571 controls from the general population.
Results: Use of nonolmesartan ARBs was not associated with VA (odds ratio, 0.84; 95% CI, 0.64-1.09;
P¼.19). Neither was VA associated with a previous medication of any ACEI (odds ratio, 1.08; 95%
CI, 0.90-1.30; P¼.41). Restricting the analysis to individuals with repeated prescriptions for ACEIs or
ARBs revealed only marginally changed risk estimates for VA.
Conclusion: The lack of association between the use of ACEIs and nonolmesartan ARBs and subsequent
VA suggests that these medications are not a major risk factor for the development of VA in the general
population.
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A duodenal biopsy showing villous atro-
phy (VA) has long been considered a
diagnostic hallmark of celiac disease

(also known as celiac sprue).1 In celiac disease,
dietary gluten causes small-intestinal VA and
inflammation. Celiac disease is prevalent in 1%
to 2% of theWestern population.1,2 Although ce-
liac disease is by some margin the most common
cause of VA, several additional causes of VA exist,
for example, tropical sprue, infective gastroenter-
itis, and immunodeficiency states.3

In 2012, Rubio-Tapia et al4 first described
22 patients taking olmesartan medoxomil, an
angiotensin receptor blocker (ARB) used for
the treatment of hypertension, who developed
spruelike enteropathy. These patients, suffering
from chronic diarrhea and weight loss accompa-
nied with small-intestinal VA or inflammation,
showed a marked clinical improvement after
discontinuing olmesartan. Although these pa-
tients’ intestinal histology resembled that of
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celiac disease, none of these patients had charac-
teristics entirely consistent with celiac disease,
that is, positive celiac disease serology and/or a
symptomatic improvement on a gluten-free
diet. Although questioned by some,5,6 a number
of case series7,8 and 1 national case finding
study9 have since then reported additional cases
of olmesartan-associated spruelike enteropathy.
Some data have also suggested that other
ARBs, besides olmesartan, may induce similar
outcomes.9 Drug-induced enteropathy is a chal-
lenging, often overlooked, differential diagnosis
toward celiac disease. Despite this, there are few
general populationebased data on the previous
use of angiotensin-converting enzyme inhibitors
(ACEIs) and ARBs other than olmesartan before
the development of VA.

The main objective of this study was to
examine the association between the previous
use of nonolmesartan ARBs as well as any ACEI
and subsequent development of VA in patients
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BLOCKERS OF ANGIOTENSIN AND VILLOUS ATROPHY
with small-intestinal VA as compared with gen-
eral populationematched controls. To differen-
tiate the use of these drugs in patients with VA,
we also examined their usage in patients with
VA as compared with individuals with milder
small-intestinal histopathology: small-intestinal
inflammation without VA or normal small-
intestinal mucosa but positive celiac disease
serology.1

PATIENTS AND METHODS
In this case-control study, we linked nationwide
histopathology data on individuals undergoing
small-intestinal biopsy to the Swedish Prescribed
Drug Register to examine the association between
the use of nonolmesartan ARBs or any ACEI and
the subsequent development of VA.

Study Population
Between 2006 and 2008, we searched the
computerized register of Sweden’s 28 pathology
departments to identify individuals with small-
intestinal VA (Marsh grade 3).10,11 The biopsies
were performed between July 1969 and January
2008.12 A detailed account of the data collection
process has been described elsewhere.10,13 In an
earlier validation study on a randomly selected
sample of patients in our cohort, 95% (108 of
114) of the patients with VA had later received
a clinical diagnosis of celiac disease.10

In the present study, we used the same data
set described in our previous study of mortality
identifying 29,096 patients with VA.14 The gov-
ernment agency Statistics Sweden then matched
each individual with VA with up to 5 controls
from the general population for age, sex, calendar
period of birth, and county of residence. The
number of controls was decided after consulta-
tions with the government agency Statistics Swe-
den. After the exclusion of individuals with data
irregularities (see our previous report14), we iden-
tified 144,522 controls.

Patients with VA and their matched controls
were then linked to the Swedish Prescribed Drug
Register (established on July 1, 2005).15 Through
this linkage, we identified 2933 patients with VA
who had biopsies performed between July 1,
2005 (the start of the Prescribed Drug Register),
and January 29, 2008 (the end of the study
period), and 14,571 matched controls.

Using Swedish computerized pathology data,
we identified a secondary control group of indi-
viduals with small-intestinal inflammation
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(Marsh grades 1-2) but without VA and individ-
uals with normal small-intestinal mucosa (Marsh
grade 0) but positive celiac disease serology.13

Data on individuals with normal mucosa and
positive celiac disease serology were regional
and obtained from the ascertainment areas of 8
Swedish university hospitals covering approxi-
mately half of the Swedish population.13 Positive
celiac disease serologywas defined as a positive IgA
or IgG antigliadin antibody, endomysial anti-
body, or tissue transglutaminase test less than
180 days before or no later than 30 days after a
normal biopsy result (and with no previous or
subsequent biopsy showing VA or inflamma-
tion).13 In total, this secondary control group
included 2738 individuals (2118 individuals
with inflammation and 620 individuals with
normal mucosa but positive celiac disease
serology).

Use of ARBs and ACEIs
The Swedish Prescribed Drug Register con-
tains prospectively recorded individual data
on more than 99% of all dispensed prescribed
drugs in Sweden.15

We collected data on the use of any ACEI
(Anatomical Therapeutic Chemical [ATC] code,
C09) as well as the specific use of ARBs other
than olmesartan (ATC codes, C09C and C09D)
from July 1, 2005 (launch of the Prescribed
Drug Register), through January 29, 2008 (end
of the study period), and up to the date of the
biopsy (and the corresponding date in matched
controls). Olmesartan is not available in Sweden,
so this exposure was not studied in this
population-based investigation.

Statistical Analyses
We used conditional logistic regression to esti-
mate odds ratios (ORs) and 95% CIs. Each stra-
tum (1 individual undergoing biopsy and up to
5 matched controls) was analyzed separately
before a summary OR was calculated.16 This sta-
tistical approach therefore eliminates the effect of
sex, age, county, and calendar year on our ORs.

In analyses on the specific use of nonolme-
sartan ARBs and subsequent VA, other types of
ACEIs were not considered. For the usage of
both ARBs and any ACEI, we performed strat-
ified analyses by sex and by age at the time of
biopsy showing VA (0-19, 20-39, 40-59, and
�60 years). In this study, we choose to also
include children because national prescription
016/j.mayocp.2015.04.002 731
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TABLE 1. Descriptive Characteristics of Individuals
With Small-Intestinal Villous Atrophya

Characteristic Value

Total no. of patients 2933
Sex, n (%)

Women 1796 (61.2)
Men 1137 (38.8)

Median age at study entry (y) (range) 28 (0-94)
Age (y), n (%)

0-19 1218 (41.5)
20-39 566 (19.3)
40-59 583 (19.9)
60þ 566 (19.3)

Year, n (%)
2005b 819 (27.9)
2006 1828 (62.3)
2007c 274 (9.3)
2008d 12 (0.4)

aReference individuals have not been included in the table
because their age, sex, and entry year distributions were
identical to those of individuals with villous atrophy (due to
matching).
bBeginning of study period: July 1, 2005.
cMost of the pathology departments delivered data on in-
dividuals with small-intestinal pathology undergoing biopsy up
to the beginning of year 2007. The remaining pathology de-
partments reported histopathology data up to the end of
2007 or very early 2008. For this reason, our data included
fewer individuals with villous atrophy who had biopsies per-
formed in 2007 than in 2006.
dEnd of study period: January 29, 2008.
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data indicate that more than 1000 Swedish
children per year are treated with an ACEI.17

To evaluate potential causality, we estimated
the dose- and time-dependent association be-
tween ARB/ACEI medication and VA in 2
separate analyses: (1) when individuals had
received at least 2 prescriptions of any ARB/
ACEI and (2) when an ARB/ACEI had been
prescribed at least 1 year (>365 days) before
biopsy. Education level has been associated
with overall drug utilization18 and health
care utilization (and ascertainment of small-
intestinal VA).19 In a subanalysis, we therefore
adjusted for education using 7 predefined ed-
ucation categories determined by Statistics
Sweden.

To differentiate the use of ARBs/ACEIs in
patients with VA, we also examined their usage
in individualswith small-intestinal inflammation
without VA (Marsh grades 1-2) and individuals
with normal small-intestinal mucosa (Marsh
grade 0) but positive celiac disease serology. In
Mayo Clin Proc. n June 2015
this subanalysis, we used logistic regression
adjusted for age at the time of biopsy (showing
VA, inflammation, or normal mucosa), sex,
and calendar year of study entry to estimate
ORs and 95% CIs.

Post Hoc Analyses
Although most studies implicating drug-induced
spruelike enteropathy implicate olmesartan, 2
studies have reported cases of VA associated
with nonolmesartan ARBs, irbesartan and valsar-
tan, respectively.9,20We, therefore, collected data
on the specific use of irbesartan (ATC code,
C09CA04) and valsartan (ATC code, C09CA03).

In a post hoc analysis, we specifically exam-
ined the association between the previous use
of ARBs/ACEIs among 2118 individuals with
small-intestinal inflammationwithout VA (Marsh
grades 1-2) as compared with matched controls
from the general population (n¼10,442) (see
matching procedure described above for patients
with VA).

We have previously shown that patients with
celiac disease with small-intestinal VA have a
more favorable cardiac risk profile, including
decreased risk of hypertension, as compared
with the general population.21 Therefore, to
examine the susceptibility to confounding by
indication, we contrasted the use of ARBs/ACEIs
by examining the association between VA and
previous antihypertensive therapy with calcium
channel blockers. Data on the use of any calcium
channel blocker (ATC code, C08) were collected
from the Prescribed Drug Register between July
1, 2005, and January 29, 2008, and up to the
date of biopsy showing VA (and the correspond-
ing date in matched controls).

For analyses on the previous use of ARBs/
ACEIs in individuals with VA, we examined
for interactions between sex and exposure
via the inclusion of multiplicative interaction
terms in an unconditional logistic regression
model adjusted for age, sex, and calendar year.

Statistical significance was defined as 95%
CIs for risk estimates not including 1.0 and P
values of <.05. SPSS (version 22.0) was used
for all statistical analyses.

Ethics
This study was conducted in accordance with
national and institutional standards and was
approved by the Regional Ethical Vetting
Board in Stockholm.
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TABLE 2. Odds Ratios for Previous Use of ARBs in Individuals With Villous Atrophy as Compared With General
PopulationeMatched Controlsa,b

Characteristic Villous atrophy (%) Controls (%) Odds ratio 95% CI P

ARBsc 66 of 2933 (2.3) 387 of 14,571 (2.7) 0.84 0.64-1.09 .19
Sex

Male 41 of 1137 (3.6) 187 of 5645 (3.3) 1.09 0.77-1.55 .62
Female 25 of 1796 (1.4) 200 of 8926 (2.2) 0.61 0.40-0.92 .02

Repeated prescriptions of ARBs 64 of 2931 (2.2) 378 of 14,562 (2.6) 0.83 0.63-1.09 .18
Use of ARBs >1 y before biopsy 22 of 2889 (0.8) 119 of 14,303 (0.8) 0.93 0.59-1.49 .78

aARB ¼ angiotensin receptor blocker.
bOdds ratios estimated through conditional logistic regression. Through this statistical approach all analyses were carried out stratumwise
and thereby conditioned on age at the time of biopsy (and corresponding date in controls), calendar period, sex, and county of
residence.
cUse of ARBs (Anatomical Therapeutic Chemical code, C09C) between July 1, 2005, and January 29, 2008.
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RESULTS
Of the 2933 individuals with VA, some 60%
were women. The median age at biopsy was
28 years (1715/2933 [58.5%] of those with VA
had biopsies performed in adulthood) (Table 1).

Use of ARBs
A total of 66 individuals with VA (2.3%) and 387
controls (2.7%) had an earlier record of medica-
tion with a nonolmesartan ARB, equivalent to an
OR of 0.84 for subsequent VA (95% CI, 0.64-
1.09). None of the children with VA had a previ-
ous treatment with an ARB. Among adults with
VA, ORs did not differ appreciably according to
age at the time of biopsy (Supplemental Table 1,
available online at http://www.mayoclinic
proceedings.org). Adjustment for education level
revealed an unchanged OR (adjusted OR, 0.84;
95% CI, 0.64-1.11; P¼.22). As compared with
sex-matched controls, we found a significantly
decreased risk estimate forVA inwomenwithpre-
vious treatment with an ARB (OR, 0.61; 95%
CI, 0.40-0.92) that was not found in men
(OR, 1.09; 95% CI, 0.77-1.55). The P value for
interaction (sex�ARB) in an unconditional
logistic regression model was .04. We found no
association between VA and repeated prescrip-
tions of ARBs or treatment initiated at least 1
year (>365 days) before biopsy (Table 2).

ORs for theprevioususeofARBsdidnotdiffer
appreciably according to calendar year at the time
of biopsy (Supplemental Table 2, available online
at http://www.mayoclinicproceedings.org).

USE OF ANY ACEI
Of the 2933 individuals with VA, 165 (5.6%)
had received at least 1 prescription of any
Mayo Clin Proc. n June 2015;90(6):730-737 n http://dx.doi.org/10.1
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ACEI before biopsy showing VA as compared
with 762 of 14,571 (5.2%) among the general
populationebased controls, corresponding to
an OR of 1.08 (95% CI, 0.90-1.30) for subse-
quent development of VA (Table 3). Restricting
our analysis to individuals with VA who had bi-
opsies performed in adulthood, we found largely
unchanged risk estimates (OR, 1.08; 95% CI,
0.89-1.30; P¼.44). Adjustment for education
level revealed largely unchanged OR (adjusted
OR, 1.12; 95% CI, 0.93-1.35; P¼.25). The asso-
ciation between the use of any ACEI and subse-
quent VA was similar in men and women
(men: OR, 1.22, 95% CI, 0.95-1.56; women:
OR, 0.94; 95% CI, 0.71-1.25), as compared
with sex-matched controls. The P value for inter-
action (sex�ACEI) in an unconditional logistic
regression model was .21.

We found no indication of a dose-
response effect for individuals with repeated
prescriptions of ACEIs (OR, 1.06; 95%
CI, 0.88-1.28). As expected, treatment with
ACEIs was very rare among children and
was increasingly more common according
to age at the time of biopsy. Among those
aged 20 to 39 years at the time of biopsy, 6
individuals with VA (1.1%), as compared
with 7 controls (0.2%), had previously been
treated with any ACEI (OR, 3.82; 95% CI,
1.41-10.38). In none of the remaining age
bands, nor in stratified analyses by calendar
year at time of biopsy, did we find an association
between the previous use of ACEIs and subse-
quent development of VA (Supplemental
Table 3 and Supplemental Table 4, respectively,
available online at http://www.mayoclinic
proceedings.org).
016/j.mayocp.2015.04.002 733
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TABLE 3. Odds Ratios for Previous Use of Any ACEI in Individuals With Villous Atrophy as Compared With
General PopulationeMatched Controlsa,b

Characteristic Villous atrophy (%) Controls (%) Odds ratio 95% CI P

Any ACEIc 165 of 2933 (5.6) 762 of 14,571 (5.2) 1.08 0.90-1.30 .41
Sex

Male 99 of 1137 (8.7) 418 of 5645 (7.4) 1.22 0.95-1.56 .12
Female 66 of 1796 (3.7) 344 of 8926 (3.9) 0.94 0.71-1.25 .66

Repeated prescriptions of any ACEI 160 of 2928 (5.5) 751 of 14,560 (5.2) 1.06 0.88-1.28 .52
Use of ACEI >1 y before biopsy 47 of 2815 (1.7) 238 of 14,047 (1.7) 1.01 0.72-1.41 .98

aACEI ¼ angiotensin-converting enzyme inhibitor.
bOdds ratios estimated through conditional logistic regression. Through this statistical approach all analyses were carried out stratumwise
and thereby conditioned on age at the time of biopsy (and corresponding date in controls), calendar period, sex, and county of
residence.
cAny ACEI (Anatomical Therapeutic Chemical code, C09) used between July 1, 2005, and January 29, 2008.
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Subanalyses
In a number of preplanned subanalyses, we also
examined the use of ARBs/ACEIs in patients with
VA as compared with individuals with small-
intestinal inflammation without VA and individ-
uals with normal small-intestinal mucosa but
positive celiac disease serology. Overall, we iden-
tified 2738 individuals with these potentially pro-
dromal stages of VA. In this secondary control
group, 1732 (63%) were women and the median
age at the time of biopsy was 41 years.

Using logistic regression analysis adjusting for
sex, age, and calendar year of study entry, we
foundonlymarginally changedORs for the previ-
ous use of any ACEI in individuals with VA as
compared with individuals with mucosal inflam-
mation or with normal biopsy result but positive
celiac disease serology (adjusted OR, 1.08; 95%
CI, 0.87-1.35) (Supplemental Table 5, available
online at http://www.mayoclinicproceedings.
org). Neither did we find a statistically signifi-
cant association between VA and the repeated
use of any ACEI medication as compared
with individuals with mucosal inflammation
or normal mucosa but positive celiac disease
serology (adjustedOR, 1.07; 95%CI, 0.85-1.34).

Overall, the use of ARBs was not related with
subsequent development of VA as compared
with individuals with small-intestinal inflamma-
tion or normal mucosa but positive celiac disease
serology (Supplemental Table 6, available online
at http://www.mayoclinicproceedings.org).

Post Hoc Analyses
In a post hoc analysis, 7 individuals with VA
(0.2%) and 37 controls (0.3%) had an earlier
record of irbesartan (ATC code, C09CA04),
Mayo Clin Proc. n June 2015
equivalent to anOR of 0.93 for subsequent devel-
opment of VA (95% CI, 0.42-2.09; P¼.87).
Looking specifically at the earlier use of valsartan
(VA: 4 of 2933 [0.1%]; controls: 38 of 14,571
[0.3]) revealed a slightly lowerOR for subsequent
development of VA (OR, 0.52; 95% CI, 0.19-
1.44; P¼.21).

Of the 2118 individuals with small-intestinal
inflammation without VA, 111 (5.2%) had an
earlier record of medication with a nonolmesar-
tan ARB, as compared with 341 of 10,442
(3.3%) controls from the general population
(OR, 1.63; 95% CI, 1.31-2.03; P<.001). We
largely found similarly increased ORs for subse-
quent small-intestinal inflammation without VA
after repeated prescriptions of ARBs (OR, 1.62;
95% CI, 1.30-2.02; P<.001); however, we
found no increased risk after ARB treatment initi-
ated at least 1 year (>365 days) before biopsy
(OR, 1.09; 95% CI, 0.73-1.64; P¼.66). In indi-
viduals with intestinal inflammation without
VA, OR for previous ACEI treatment was 1.57
(95% CI, 1.33-1.86; P<.001) (repeated use of
ACEIs: OR, 1.57; 95% CI, 1.32-1.86; P<.001;
ACEI treatment initiated at least 1 year before bi-
opsy: OR, 1.17; 95% CI, 0.88-1.58; P¼.28).

Finally, to contrast the use of ARBs/ACEIs,
we examined the previous use of calcium
channel blockers in individuals with VA (86
of 2933 [2.9%]) as compared with general
populationebased controls (502 of 14,571
[3.4%]) (OR, 0.83; 95% CI, 0.66-1.06; P¼.13)

DISCUSSION
In this study, we examined the association
between blockers of the angiotensin pathway
and VA. Our study involved almost 3000
;90(6):730-737 n http://dx.doi.org/10.1016/j.mayocp.2015.04.002
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BLOCKERS OF ANGIOTENSIN AND VILLOUS ATROPHY
individuals with VA, and overall we found no
positive association between the previous use
of ARBs or ACEIs and the subsequent devel-
opment of VA in the general population; nor
did we find a relationship between these
drugs and VA when restricting our definition
of exposure to multiple prescriptions.
Neither did we find an association between
the previous use of ARBs/ACEIs in individ-
uals with VA and the subsequent develop-
ment of VA as compared with individuals
with milder small-intestinal histopathology.

Olmesartan is not used in Sweden, but a
large number of individuals are treated with
nonolmesartan ARBs and a positive finding
here would have larger health implications
than an effect restricted to olmesartan.
Although the bulk of recent case reports
and series implicating drug-induced sprue-
like enteropathy implicate olmesartan, a
recent French study9 included 1 case of
nonolmesartan (irbesartan)-associated VA,
and there are also case reports of valsartan-
and telmisartan-associated VA.20,22 Subtle
histologic abnormalities short of VA have
been reported with the use of olmesartan,
but not with the use of other ARBs.23 It
therefore has been a pressing concern
whether this recently described spruelike
enteropathy is a class effect or is unique to
(or more closely associated with) olmesar-
tan. Our study, which includes 2933 pa-
tients with VA and 14,571 matched
controls who were exposed to ACEIs and
nonolmesartan ARBs, found no association
between these drugs and VA.

Olmesartan appears to cause a spruelike
enteropathy, but it has not been shown to
trigger celiac disease per se. In a chart valida-
tion of a randomly selected sample of patients
from our cohort, 95% of those with VA later
received a clinical diagnosis of celiac dis-
ease.10 However, it is likely that before the
first report of this clinical entity in June
2012,4 patients with this condition would
be misdiagnosed with celiac disease. Indeed,
the initial case series describing olmesartan-
associated enteropathy arose from referral
centers for celiac disease because many of
these patients were initially thought to have
nonresponsive or refractory celiac dis-
ease.4,24 Therefore, we believe that a sprue-
like enteropathy would be detectable in an
Mayo Clin Proc. n June 2015;90(6):730-737 n http://dx.doi.org/10.1
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analysis of patients with VA who had biopsies
performed before 2012. The fact that we
found no association between the use of
ARBs/ACEIs and VA suggests that spruelike
enteropathy is not commonly triggered by
these drugs.

Instead, the findings of our study are
more consistent with the randomized clinical
trial by Menne and Haller6 who were unable
to detect an increased risk of enteropathy in
patients prescribed olmesartan. That study
included a median follow-up of 3.2 years,
and olmesartan-associated enteropathy can
develop after even 10 years of drug expo-
sure.9 It is possible that nonolmesartan
ARBs may trigger an enteropathy that we
were unable to detect because of the relatively
short drug exposure time in our study.

Our null findings in regard of subse-
quent development of VA can be interpreted
in several ways. First, the available nonolme-
sartan drugs used in Sweden may not be
associated with VA. The mechanism under-
lying olmesartan-induced enteropathy is un-
known, but it has been hypothesized to be
the result of a proapoptotic effect of angio-
tensin II on intestinal epithelial cells.7 Spec-
ulatively, this apoptotic effect may hence
be limited to olmesartan. Second, several ar-
ticles have linked olmesartan to serology-
negative VA.24 Our data collection was based
on mucosal abnormalities and not primarily
serology, but an earlier validation of a subset
of patients with VA from our cohort found
that 88% had a positive celiac serology at the
time of biopsy (defined here as tissue transglu-
taminase test/endomysial antibody but also
positive antigliadin antibody because our
cohort stretches back to 1969).10 On interview-
ing 180 gastroenterologists and 68 pediatri-
cians at the time of data collection (year
2008), 86% and 100%, respectively, reported
that a positive serology was part of their diag-
nostic algorithm in at least 8 of 10 patients.10

Hence the proportion of serology-negative indi-
viduals in our study is low, potentially adding
to our null findings. Third, as noted above, if
ARBs induce VA only after a long period of
use, we may have missed a positive association.
The Swedish Prescribed Drug Register that was
used to ascertain ARB medication has been in
use only since mid-2005 and hence we had a
short follow-up of patients.
016/j.mayocp.2015.04.002 735
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Because patients with celiac disease with
small-intestinal VA may have a reduced risk of
hypertension,21,25 we carried out a sensitivity
analysis revealing no statistically significant asso-
ciation (P¼.13) between VA and previous treat-
ment with calcium channel blockers. These
results argue against confounding by indication
as a sole cause of our null findings.

In post hoc analyses, we found positive as-
sociations between subsequent small-intestinal
inflammation without VA and previous treat-
ment with ARBs/ACEIs. However, these statis-
tically significant increased risk estimates were
confined to treatment initiated within 1 year
before biopsy and one explanation for these
findings could be that some individuals with
multiple preexisting morbidity (including car-
diovascular disease) undergo small-intestinal
biopsy as part of a general investigation.

This study has some strengths and limita-
tions. Among the strengths are the large
numbers of patients with VA and that data
on ARB use were collected from an indepen-
dent source (the Swedish Prescribed Drug
Registry). Although we cannot rule out that a
small proportion of individuals with VA in
this study were false-positive (an earlier
blinded validation study found that Swedish
pathologists correctly identify 90% of all VA
cases),10 a misclassification rate of 10% should
not drive the risk estimate down to 1.08 (95%
CI¼0.90-1.30) and 0.84 (95% CI¼0.64-1.09)
for previous use of ACEIs and ARBs,
respectively.

Although olmesartan has often been linked
to clinically severe celiac like enteropathy,4 we
lacked individual-based information on symp-
tom severity in our participants. However,
when examining the patient charts of 118
random individuals with VA, some 79% had
gastrointestinal symptoms. Hence, it is un-
likely that our null findings are due to lack
of classical symptoms2 in our cohort. If nonol-
mesartan ARBs cause enteropathy as a very
rare, long-term adverse effect, our study is un-
likely to have the statistical power or follow-up
time to detect this effect.

CONCLUSION
We found no increased risk of VA in Swedish
individuals with a previous record of nonol-
mesartan ARB use or ACEI use. Future studies
should elucidate the distinct features by which
Mayo Clin Proc. n June 2015
olmesartan, more so than other members of
this drug class, induces VA.
SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online at
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maceutical classification); OR = odds ratio; VA = villous
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