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study in Olmsted County, Minnesota
Darrell S Pardi, Edward V Loftus Jr, Thomas C Smyrk, Patricia P Kammer, William J Tremaine, Cathy
D Schleck, W Scott Harmsen, Alan R Zinsmeister, L Joseph Melton III, William J Sandborn
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Dr Darrell S Pardi, Division
of Gastroenterology and
Hepatology, Department of
Internal Medicine, Mayo
Clinic College of Medicine,
200 First Street SW,
Rochester, Minnesota
55905, USA; pardi.darrell@
mayo.edu

Revised 15 September 2006
Accepted
27 September 2006
Published Online First
28 November 2006
. . . . . . . . . . . . . . . . . . . . . . . .

Gut 2007;56:504–508. doi: 10.1136/gut.2006.105890

Objective: Although the epidemiology of microscopic colitis has been described in Europe, no such data exist
from North America. We studied the incidence, prevalence and temporal trends of microscopic colitis in a
geographically defined US population.
Design and setting: In this population based cohort study, residents of Olmsted County, Minnesota, with a
new diagnosis of microscopic colitis, and all who had colon biopsies for evaluation of diarrhoea, between 1
January 1985 and 31 December 2001 were identified. Biopsies were reviewed for confirmation (cases) and
to identify missed cases (diarrhoea biopsies).
Main outcome measures: Incidence rates, age and sex adjusted to the 2000 US white population. Poisson
regression assessed the association of calendar period, age and sex with incidence.
Results: We identified 130 incident cases for an overall rate of 8.6 cases per 100 000 person-years. There
was a significant secular trend, with incidence increasing from 1.1 per 100 000 early in the study to 19.6 per
100 000 by the end (p,0.001). Rates increased with age (p,0.001). By subtype, the incidence was 3.1 per
100 000 for collagenous colitis and 5.5 per 100 000 for lymphocytic colitis. Collagenous colitis was
associated with female sex (p,0.001) but lymphocytic colitis was not. Prevalence (per 100 000 persons) on
31 December 2001 was 103.0 (39.3 for collagenous colitis and 63.7 for lymphocytic colitis).
Conclusions: The incidence of microscopic colitis has increased significantly over time, and by the end of the
study, the incidence and prevalence were significantly higher than reported previously. Microscopic colitis is
associated with older age, and collagenous colitis is associated with female sex.

T
he term ‘‘microscopic colitis’’ was introduced in 1980 to
describe patients with chronic watery diarrhoea who had
lymphocytic inflammation in biopsies from grossly normal

colons.1 Collagenous colitis is a closely related condition with
similar clinical and histological features but in addition the
subepithelial collagen band is thickened.2 As the colon in
collagenous colitis is also grossly normal, it is also considered a
form of microscopic colitis. Therefore, the current approach to
nomenclature is to use the term ‘‘microscopic colitis’’ as an
umbrella term with two major subsets: collagenous colitis, with
a thickened subepithelial collagen band, and lymphocytic
colitis, with no subepithelial collagen thickening.3

Several European studies have investigated the epidemiology
of these disorders. The annual incidence of collagenous colitis
has been reported as 0.6–5.2 cases per 100 000 with a
prevalence of 10–15.7 per 100 000.4–8 The epidemiology of
lymphocytic colitis has been less well studied but an annual
incidence of 3.1–4.4 per 100 000 and a prevalence of 14.2 per
100 000 have been reported.6–9 In some of these studies, the
incidence of collagenous or lymphocytic colitis was shown to
increase over time, but this was not seen in other studies,5–8 and
these trends were not analysed statistically in some reports.5 7

The incidence and prevalence of these conditions in the US are
unknown, and temporal trends in the incidence of these
disorders in the US have not been studied. Anecdotally, many
clinicians have appreciated an apparent increase in cases;
however, it is not known whether this represents referral centre
bias, increased diagnostic awareness of these conditions or a
true increase in incidence.

Population based descriptions of incidence and prevalence
are important for estimating disease burden in the community
which can inform decisions about resource allocation, not only
for health care resources, but for research resources as well.

Thus we investigated the incidence, prevalence and time
trends of microscopic colitis and its subtypes in a descriptive
study in Olmsted County, Minnesota, where population based
investigation of chronic disease is possible through the medical
records linkage system of the Rochester Epidemiology Project.

METHODS
Study setting
Olmsted County is situated in southeastern Minnesota and had
approximately 124 000 residents at the time of the 2000 US
Census. The county has an urban centre, Rochester, which had
a population of approximately 86 000 people in 2000. The
remainder of the county is predominantly rural. In 2000, 89% of
the population was non-Hispanic white. Although 25% of the
county residents are employed in health care services (com-
pared with 8% nationwide), and the level of education is higher
(30% have completed college compared with 21% nationwide),
the residents of Olmsted County are otherwise socioeconomi-
cally similar to the US white population.10

Rochester Epidemiology Project
The Rochester Epidemiology Project is a unique data resource
that exploits the fact that virtually all health care for the
residents of Olmsted County is provided by two organisations:
the Mayo Medical Center, consisting of the Mayo Clinic and its
affiliated hospitals (Rochester Methodist and Saint Mary’s);
and Olmsted Medical Center, consisting of another multi-
specialty clinic and its affiliated hospital (Olmsted Community
Hospital). Diagnoses generated from all outpatient care,
emergency room visits, hospitalisations, nursing home visits,
surgical procedures, autopsy examinations and death certifi-
cates for all Olmsted County residents are recorded in a central
diagnostic index.10 In any 3 year period, over 90% of county
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residents are examined at one of the two health care systems.10

Thus it is possible to identify virtually all diagnosed cases of a
given disease for which patients sought medical attention. The
data resources of the Rochester Epidemiology Project have
supported over 1600 studies of acute and chronic diseases to
date.

Ascertainment of microscopic colitis
Following approval by the Institutional Review Boards of the
Mayo Foundation and Olmsted Medical Center, all county
residents diagnosed with microscopic colitis (collagenous colitis
or lymphocytic colitis) from 1 January 1985 to 31 December
2001 were identified by one of two mechanisms. Potential cases
were identified through the diagnostic index, using ICD-9 code
558.9 and H-ICDA-8 codes 561 and 563.9 for the period 1994–
2001, and a Mayo specific code for ‘‘non-infectious colitis’’ for
the period 1985–1993. Second, cases were identified through
the Department of Pathology database using a text word search.
The inpatient and outpatient medical records of candidate cases
were then reviewed. Cases with a diagnosis of Crohn’s disease
or ulcerative colitis, those with an alternative explanation for
diarrhoea at the time of the index biopsy and those without
diarrhoea were excluded. Patients who resided outside of
Olmsted County at the time of initial diagnosis of microscopic
colitis were also excluded from incidence calculations, but were
included in prevalence calculations if they resided in the county
of prevalence data.

All biopsy specimens from remaining subjects were reviewed
by an expert gastrointestinal pathologist (TCS) to confirm the
diagnosis according to standard criteria.3 Specifically, patients
with collagenous colitis had preserved crypt architecture,
increased intraepithelial lymphocytes (>20 lymphocytes per
100 epithelial cells) with a mixed lamina propria inflammatory
infiltrate and a subepithelial collagen band at least 10 mm thick,
while patients with lymphocytic colitis had similar inflamma-
tory changes without a thickened collagen band. In addition, all
colon biopsies obtained for evaluation of Olmsted County
residents with diarrhoea during the study period were reviewed
by the pathologist. These cases were identified through billing
records, crossing the procedure codes for colon biopsies (which
included colonoscopy and sigmoidoscopy biopsies) with the
code for ‘‘non-specific diarrhoea’’. Only subjects with non-
bloody diarrhoea and without an identified cause of diarrhoea
were included.

Statistical analysis
For the purpose of calculating incidence rates, it was assumed
that the entire county population was at risk. Confirmed cases
of microscopic colitis were included in the numerator, and
denominator age and sex specific person-years were estimated
from decennial census data with interpolation between census
years.11 Standard errors and 95% confidence intervals (95% CI)
were calculated for the incidence rates assuming that they
followed a Poisson distribution.12 Prevalence was calculated
using all patients with a diagnosis of microscopic colitis
residing in Olmsted County on 31 December 2001 as the

numerator and the estimated county population on this date as
the denominator. Prevalent cases residing in Olmsted County,
but who were diagnosed before becoming County residents (ie,
non-incident prevalent cases), were included. Incidence and
prevalence rates were directly age or age and sex adjusted to the
population structure of white persons in the US in 2000.

Trends in incidence rates over the period of the study
(categorised as 1985–89, 1990–93, 1994–97 and 1998–2001), as
well as potential associations with age (categorised as 0–39, 40–
49, 50–59, 60–69, 70–79 and 80+ years) and sex, were evaluated
using Poisson regression analysis.13 Both age and calendar
period were considered continuous predictors in this analysis.
Prevalence of the subtypes of microscopic colitis were analysed
with a two sided, one sample test to determine if the
proportions were significantly different (ie, compared to equal
distribution of the two subtypes, or 50% each). Survival from
date of diagnosis was calculated using the Kaplan–Meier
survival method,14 and was compared with the expected
survival for Minnesota whites, 1950–2000, using the log rank
test.15

These analyses were repeated separately for lymphocytic
colitis and collagenous colitis. All analyses were carried out
using SAS (SAS Institute Inc., Cary, North Carolina, USA).

RESULTS
The initial query of the diagnostic index and pathology
database yielded 243 unique individuals, of whom 109 were
excluded for not having diarrhoea or having an explanation
other than microscopic colitis for their diarrhoea. The remain-
ing 134 cases were reviewed histologically; four cases were
excluded for not meeting the histological criteria for diagnosis
and three were excluded for living outside the county at the
time of diagnosis. In addition, 798 patients in whom colon
biopsies were obtained from a normal appearing colon for
evaluation of diarrhoea were reviewed, and three additional
cases of microscopic colitis were identified. Among the
remaining 795 cases, 700 were histologically unremarkable
and 95 showed focal active colitis, presumably representing
either infection, medication injury or bowel preparation effect.

Therefore, 130 cases with a new diagnosis of microscopic
colitis were included in this study, out of the 929 county
residents who had colon biopsies to evaluate diarrhoea that was
not otherwise explained (14%). The median age at diagnosis
was 68 years (range 24–94), and 91 (70%) were female. The
overall age and sex adjusted incidence was 8.6 cases per
100 000 person-years (95% CI 7.1 to 10.0). Fifty of the 130
patients were tested for coeliac sprue (45 with small bowel
biopsies, with or without serology, and five with serology only)
and five (two with collagenous colitis and three with
lymphocytic colitis) were positive (10% of those tested, 3.8%
of the entire cohort).

Results were also examined by subtype of microscopic colitis.
There were 46 incident cases of collagenous colitis with a
median age at diagnosis of 70 years (range 35–94); 87% were
females. The overall age and sex adjusted annual incidence for
this subset was 3.1 per 100 000 (95% CI 2.2 to 4.0). For

Table 1 Sex specific incidence of microscopic colitis among Olmsted County, Minnesota,
residents

Female Male p Value*

Collagenous colitis 4.8 (3.3 to 6.3) 1.1 (0.2 to 2.0) ,0.001
Lymphocytic colitis 6.1 (4.4 to 7.7) 5.0 (3.2 to 6.8) 0.24
All microscopic colitis 11.0 (8.7 to 13.2) 6.1 (4.1 to 8.1) ,0.001

Rates represent age adjusted incidence per 100 000 person-years with 95% CI.
*p Values were obtained using Poisson regression models including age, sex and calendar period.
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lymphocytic colitis, there were 84 incident cases, with a median
age at diagnosis of 68 years (range 24–90); 62% were female.
The age and sex adjusted incidence for this subset was 5.5 per
100 000 (95% CI 4.3 to 6.6). The difference in incidence
between the two subtypes was significant (p,0.01) but this
resulted from an interaction with sex (p = 0.001) such that
rates were significantly less for men with collagenous colitis
compared with the other sex and type specific rates (table 1).
Thus for collagenous colitis, but not lymphocytic colitis,
incidence was associated with female sex (table 1).

Poisson regression analysis showed that the incidence of
microscopic colitis as a whole, as well as for both subtypes,
increased significantly over the period of the study (p,0.001)
(fig 1). The incidence rates, overall and for both subtypes, also
increased significantly with advancing age (fig 2A–C), with a
peak annual incidence of approximately 37 per 100 000 in
patients >80 years of age.

Five year survival was 82.5% and was not significantly
different than expected (84.3%, p = 0.8). On 31 December 2001,
there were 111 county residents alive with microscopic colitis,
including one prevalent case that had been diagnosed before
moving to the county (and who therefore was not included in
the incidence figures). The age and sex adjusted prevalence of
microscopic colitis was 103 cases per 100 000 persons. There
were 42 prevalent cases of collagenous colitis (39.3 per
100 000), and 69 prevalent cases of lymphocytic colitis (63.7
per 100 000). The difference in prevalence between the two
subtypes was significant (p = 0.01). Current smokers accounted
for 24% of the cohort (23% lymphocytic colitis, 27% collagenous
colitis) while former smokers accounted for 28% (33%
lymphocytic colitis, 22% collagenous colitis).

DISCUSSION
This first population based epidemiological study of microscopic
colitis in North America shows that microscopic colitis is
relatively common, appears to be increasing with time, and is
associated with older age.

Averaged over the entire study period, our incidence rates are
similar to previous reports from Europe (table 2).

However, incidence rates increased substantially over time
and, by the end of the study, the incidence of collagenous colitis

and lymphocytic colitis were both significantly greater than
reported previously. Indeed, by the end of our study period, the
incidence of microscopic colitis exceeded that of Crohn’s
disease and ulcerative colitis in Olmsted County.16 17 Previous
studies have reported a significant secular increase in the
incidence of collagenous colitis but not lymphocytic colitis8 or of
lymphocytic colitis but not collagenous colitis.6 Other studies
have reported either an increase in incidence5 or not,7 but in
these reports, the differences were not analysed statistically.

The cause of the increase in incidence seen in our study is not
clear based on our current understanding of the pathophysiol-
ogy of microscopic colitis. Some cases of microscopic colitis
appear to be medication related18 or postinfectious in nature.3

Therefore, exposure to certain medications or microorganisms
may have increased over this study to account for the increase
in incidence but more work will be necessary to clarify these
issues. Some of the cases in this report had what appeared to be
drug induced colitis, and we assessed drug use as a potential
explanation for the rise in incidence seen in this study.
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Figure 1 Age and sex adjusted incidence of microscopic colitis and
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2001.
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Specifically, we analysed trends in use of medications that were
thought to be temporally associated with the onset of diarrhoea
in these patients. However, no significant associations with
individual drugs over time were discovered.

It is not clear if the trend seen in our study represents a true
increase in disease incidence or whether it reflects instead
diagnostic bias due to an increasing use of colonoscopy and
sigmoidoscopy in county residents, which was evident during
the study period (fig 3). Because of increasing awareness,
gastroenterologists may have been more likely over the study
period to obtain colon biopsies from normal mucosa in patients
being evaluated for chronic diarrhoea.6 As all biopsies taken for
evaluation of diarrhoea were reviewed, and only three addi-
tional cases were found, this increase in incidence does not
appear to represent an increasing familiarity with these
diagnoses among pathologists. In fact, the diagnosis of
microscopic colitis appears to be reproducible with low
interobserver variability, with only four of 134 previously
diagnosed cases (3%) being excluded on histological grounds
after review of biopsies, and only three of 798 biopsies (0.4%)
previously read as not showing microscopic colitis being
reclassified as showing microscopic colitis.

In keeping with this increased incidence, the prevalence in
our population was also significantly higher than previously
reported. However, the higher prevalence seen in our study may
be partly due to the fact that we counted any patient who was
ever diagnosed with microscopic colitis in the numerator,
regardless of whether or not they were symptomatic on the
prevalence date. As some patients with microscopic colitis have
self-limited disease without having a recurrence, this preva-
lence figure may thus be an overestimation. In this study,
microscopic colitis was diagnosed in approximately 14% of
county residents who underwent biopsy of normal appearing
colonic mucosa to evaluate diarrhoea, slightly higher than the
10% rate previously reported.6–8 19 Given this prevalence,
biopsies should be obtained routinely in patients (particularly
elderly patients) with chronic diarrhoea who are investigated
with colonoscopy or sigmoidoscopy.

Similar to other studies, our results show a clear association
between age and microscopic colitis. We also saw a significant
association between female sex and collagenous colitis, but not
lymphocytic colitis. In most epidemiological studies from
Europe that assessed both subtypes, the association with
female sex was also more significant in collagenous colitis
than in lymphocytic colitis.6 7 However, in the study from
Iceland, the association was high for both subtypes.8 The reason
for the sex association in collagenous colitis but not in
lymphocytic colitis in most studies is not known although
hormonal influences on collagen metabolism have been
postulated.3

We also found that lymphocytic colitis was more common
than collagenous colitis. One European study showed that

lymphocytic colitis was more common than collagenous colitis,7

another showed that collagenous colitis was more common8

and others showed similar incidence rates.6 8 The reason for
these disparate findings is also not known but, if real, it may
reflect different rates of exposure to agents that preferentially
cause one subtype of microscopic colitis or the other. Another
possible explanation is biopsy sampling error. In other words,
as collagen deposition can be patchy throughout the colon,
cases of collagenous colitis may have been misclassified in our
study as lymphocytic colitis if biopsies happened to be taken
from areas of the colon without significant collagen deposition.

In our cohort, 10% of patients who had specific testing were
found to have coeliac sprue (or 3.8% of the entire cohort). These
figures are similar to what has been reported previously3 and
suggest that testing for this condition should be considered in
patients with microscopic colitis, particularly those who have
evidence of malabsorption (weight loss, steatorrhoea, unex-
plained metabolic bone disease, etc.) and those who do not
respond to the usual medications.

In summary, microscopic colitis is a relatively common cause
of chronic watery diarrhoea that appears to be increasing in
incidence over time. Whether the increase in incidence is real or
a result of diagnostic bias due to increased use of colonoscopy
with biopsy in patients with diarrhoea is unknown. However,
microscopic colitis is more common than previously recognised,
and is particularly common in elderly patients. Collagenous
colitis, but not lymphocytic colitis, is more common in women,
and in our experience, lymphocytic colitis is more common
than collagenous colitis. The strengths of our study include the
population based nature of the cohort, the review of all previous
diagnoses by a single expert gastrointestinal pathologist, the
review of all prior biopsies done for the evaluation of diarrhoea
in county residents and the length of time over which the study
was conducted, going back in time to soon after these forms of
colitis were first described. The main weakness is the primarily
Caucasian ethnic makeup of our county which limits generali-
sability to other ethnic or racial groups.
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Robin Spiller, Editor
An unusual internal pile

Clinical presentation
A 60 year old female underwent total colonoscopy for recurrent
painless haematochezia. She reported no past medical history
of abdominal or anorectal symptoms. Physical examination was
unremarkable. Digital rectal examination detected a firm, non-
tender mobile nodule in the posterior upper anal canal.
Laboratory studies showed no anaemia or abnormal coagula-
tion profile. Anal margin examination was normal. Mild
diverticulosis was found in the sigmoid area. A polypoid
protuberant polychromatic lesion of 10 mm diameter was
noted just above the dentate line at the level of the internal
haemorrhoids (fig 1).

Question
What is the diagnosis?
See page 517 for answer
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Figure 1 A 10 mm protuberant polychromatic polypoid lesion at the top
of the anal canal, adjacent to the internal piles, as seen during endoscopy
in retroflexed view (upper panels) and direct view (lower panels).
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