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Abstract

Background Microscopic colitis (MC) primarily affects older adults; thus, data in younger patients are scarce.

Aims To compare clinical characteristics and treatment response by age at diagnosis.

Methods This retrospective cohort study was performed at Mayo Clinic and Massachusetts General Hospital. Patients were
chosen consecutively using established databases. Patients were ‘younger’ if age at diagnosis was <50 years and ‘older’ if
age > 50 years. Treatment outcomes were captured for induction (12 +4 weeks), based on the total number of daily stools,
and defined as remission (complete resolution), response (> 50% improvement), non-response (<50% improvement), and
intolerance. Patients were considered ‘responders’ if they had remission or response and ‘non-responders’ if they had non-
response or intolerance.

Results We included 295 patients (52 younger, 243 older). There were no differences in sex, race, MC subtype, and diarrhea
severity between groups (all P>0.05). Younger patients were more likely to have celiac disease (17.3% vs. 5.8%, P=0.01),
while older patients had higher BMI (mean 25.0 vs. 23.8 kg/m?, P=0.04) were more likely smokers (53.9% vs. 34.6%,
P=0.01) and use NSAIDs (48.6% vs. 15.4%, P<0.01) and statins (22.6% vs. 3.8%, P <0.01). Overall treatment response
was highest for budesonide (88.3%) and did not differ when comparing older to younger patients (90.6% vs. 77.8%, P=0.12)
or by MC subtype (LC, 81.5% vs. CC, 92.9%, P=0.07).

Conclusions There are no significant differences in MC treatment response based on age or disease subtype. These findings
support treating patients with MC based on symptom severity rather than age.
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Mesalamine - Microscopic colitis

Introduction

Microscopic colitis (MC) is an inflammatory disease of
the large intestine characterized by histologic changes of
intraepithelial lymphocytosis and dense inflammatory infil-
trate in the lamina propria, with or without expansion of the
subepithelial collagen band and a normal or nearly normal
endoscopic appearance [1-3]. There are two main subtypes
of MC, namely collagenous colitis (CC) and lymphocytic
colitis (LC), distinguished by the presence or absence of
collagen thickening, respectively. MC is a common cause
of chronic diarrhea and fecal incontinence in older adults,
accounting for up to 20% of cases in one study [4]. Epide-
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miologic studies have shown that the peak age of diagnosis
is between the ages of 65 and 75 years with women making
up 70% of cases [5-7]. However, nearly 1 out of 4 cases are
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diagnosed in adults younger than 50 years [5, 8]. Addition-
ally, there have been a few case reports of MC in children
[9, 10]. Nevertheless, little is known about differences in
clinical characteristics and treatment response based on age
at diagnosis.

The etiology of MC is unknown but thought to be related
to aberrant immune response to environment factors, per-
haps mediated through perturbances in the gut microbiota.
Exposure to certain medications and the presence of other
immune-mediated diseases such as celiac disease are among
the most well-studied risk factors [1, 2]. However, the distri-
bution of these potential risk factors varies widely across age
suggesting that there may be differences in disease patho-
physiology and natural history according to age. In support
of this, one recent study showed that patients younger than
age 60 years had significantly higher rates of clinical relapse
following response to budesonide, highlighting potential dif-
ferences in disease course according to age of diagnosis [11].

We therefore sought to compare clinical characteristics
and treatment response of younger versus older MC patients
using already established MC registries in two large health
care systems in the US. A secondary aim was to assess treat-
ment response based on MC subtype.

Methods
Study Population

This multicenter retrospective cohort study was performed
at Mayo Clinic, Rochester, MN and Massachusetts Gen-
eral Hospital (MGH), Boston, MA. Patients with MC were
chosen in consecutive fashion using already characterized
cohorts from each institution (Mayo Clinic, 2007-2008;
MGH, 2011-2013) [12—14]. We have previously reported
our methods for identifying MC cases [14, 15]. Briefly, at
Mayo Clinic, MC cases were identified by reviewing pathol-
ogy reports and confirmed by chart review. At MGH, MC
cases were identified from Research Patient Data Regis-
try using a combination of ICD code and text search fol-
lowed by confirmation through review of pathology reports.
Patients with a diagnosis of LC, CC, or incomplete MC were
included. At both institutions, patients with a diagnosis of
non-specific colitis and those under the age of 18 years were
excluded. The biopsy protocols at both institutions were
similar and involved taking random biopsies throughout the
colon placed in one bottle. At both centers, all MC pathol-
ogy specimens included had previously been reviewed by an
expert gastrointestinal pathologist.

Clinical Characteristics

At each center, we retrospectively collected detailed infor-
mation on patient demographics using chart review. Data
were collected on age at diagnosis, sex, race, and relevant
clinical variables such as body mass index (BMI), smok-
ing status (current, former, never, or unknown), baseline
number of bowel movements, histologic subtype (CC or
LC), presence or absence of celiac disease at the time of
MC diagnosis, and use of medications associated with
risk of MC including selective serotonin reuptake inhibi-
tors (SSRIs), proton pump inhibitors (PPIs), non-steroi-
dal anti-inflammatory drugs (NSAIDs), statins, antibiot-
ics, and histamine H2-receptor antagonists at the time of
diagnosis. We categorized patients into younger-onset MC
(age at diagnosis <50 years) and older MC (age of diag-
nosis > 50 years). As the median age of diagnosis of MC
has been reported to range between 60-65 years in the US
and Europe [5-7, 14], we considered age below this cutoff
to represent a significantly younger cohort than average.

Treatment Outcomes

We collected information on all medical treatments
received for MC including loperamide, atropine/diphenox-
ylate, aminosalicylates (5-ASA), bismuth subsalicylate,
bile acid sequestrants, antibiotics, budesonide (ileal
release and multi-matrix), prednisone, immunomodula-
tors, tumor necrosis factor (TNF) inhibitors, and vedoli-
zumab. We defined treatment as consistent if it was used
for at least 8 weeks and patients were excluded if they
received less than 8 weeks of therapy. Clinical outcomes
were assessed for induction therapy at 12 + 4 weeks after
the start of a therapy. Clinical outcomes for maintenance
therapy were not captured. For each patient, we included
outcomes for all medications used for induction during
follow-up. In other words, if different medications were
used for induction at different time points during follow-
up, we captured each episode separately and did not limit
inclusion to the first episode of induction or to the episode
that utilized first-line therapy. Medical treatment used for
MC, and not for other causes of diarrhea, was included.
In this study, treatment outcomes were defined a priori
and based on changes in the total number of daily bowel
movements. More specifically, treatment outcomes were
defined as follows: remission (complete resolution),
response (>50% improvement), non-response (< 50%
improvement), and intolerance (medication stopped due
to side effects). The definition of remission was similar to
that proposed by Hjortswang et al., namely < 3 stools/day
and a mean of < 1 watery stool per day [16]. In patients

@ Springer



3110

Digestive Diseases and Sciences (2022) 67:3108-3114

where data on the total number of daily bowel movements
were not available, the treatment outcomes were based
on the treating physician’s note. Patients were considered
to be ‘responders’ if they had remission or response to a
treatment and ‘non-responders’ if they had non-response
or intolerance.

Statistical Analysis

Descriptive variables are reported as median (range) or pro-
portions. We used Fischer’s exact test and Wilcoxon rank-
sum test to compare categorical and continuous variables,
respectively. Multivariable logistic regression modeling was
used to calculate the odds ratios (OR) and 95% confidence
intervals (CI) while adjusting for celiac disease, smoking
history, BMI, and NSAID and statin use. All p values were
2-sided and P <0.05 was considered statistically signifi-
cant. R version 3.5.1 was used for all statistical analyses.
The study was approved by the institutional review board at
Mayo Clinic and Mass General Brigham (MGB).

Results
We included 295 patients (Mayo =132, MGH = 163) with

median age at diagnosis of 66 years (range 18-94 years).
Nearly 76% (n=223) of cases were female while 97%

(n=284) were white. Table 1 demonstrates baseline char-
acteristics of our participants according to age at diagno-
sis. While the majority of our cases were diagnosed after
the age of 50 years (n=243, 82%), nearly 18% (n=52)
were diagnosed before age 50 years. The median age of
diagnosis among younger and older patients was 39 years
(range 18-50 years) and 69 years (range 50-94 years),
respectively. In both age groups, there was a similar pro-
portion of LC and CC subtypes. There were also no statis-
tically significant differences in sex, race, and alcohol con-
sumption between the two groups. Younger patients were
more likely to have a diagnosis of celiac disease (17.3%
vs. 5.8%, P=0.01) while older patients had a higher BMI
(25.0 vs. 23.8, P=0.04) and were more likely to be current
or former smokers (53.9% vs. 34.6%, P=0.01). Addition-
ally, older patients were more likely to use NSAIDs (48.6%
vs. 15.4%, P <0.01) and statins (22.6% vs. 3.8%, P <0.01).
The most common SSRIs were citalopram (n=17, 27%),
sertraline (n=14, 22%), and fluoxetine (n=13, 21%).
The most common PPIs were omeprazole (n=46, 57%),
esomeprazole (n=14, 17%), and pantoprazole (n=13,
16%).

There were no differences in baseline symptoms
between the two groups, including presence of abdominal
pain, weight loss, or number of bowel movements per day.
Data on the total number of daily bowel movements were
available for 84.7% of the participants.

Table 1 Baseline characteristics

. 1 ; Characteristics Median +range or n (%)
of patients with MC according
to age at diagnosis All patients (n=295) Age<50 atthetime Age>50 at time of P value
of diagnosis (n=52) diagnosis (n=243)

Age 66 (18-94) 38.9 (18-50) 69.3 (50-94)

Sex, female 223 (75.6) 42 (80.8) 181 (74.5) 0.44

Race, white 284 (96.3) 50 (96.1) 234 (96.3) 0.94

Body Mass Index (kg/mz) 24.8 (14.8-43.5) 23.8 (17.6-36.8) 25.0 (14.8-43.5) 0.045

MC subtype
Lymphocytic colitis 129 (43.7) 28 (53.8) 101 (41.5) 0.14
Collagenous colitis 153 (51.9) 23 (44.2) 130 (53.5) 0.29
Incomplete MC 13 (4.4) 1(1.9) 12 (4.9) 0.56

Celiac disease* 23 (7.8) 9(17.3) 14 (5.8) 0.01

Smoking history 149 (50.5) 18 (34.6) 131 (53.9) 0.01

Alcohol consumption 147 (49.8) 30 (57.7) 117 (48.1) 0.42

Medications**
SSRIs 63 (21.4) 11 (21.2) 52 (21.4) 1.00
PPIs 81 (27.5) 10 (19.2) 71 (29.2) 0.16
NSAIDs 126 (42.7) 8 (15.4) 118 (48.6) <0.01
Antibiotics 20 (6.8) 4(7.7) 16 (6.6) 1.00
H2 blockers 8(2.7) 2 (3.8) 6 (2.5) 0.95
Statins 57 (19.3) 2(3.8) 55 (22.6) <0.01

*Celiac disease confirmed by serology and/or biopsy

**Medications used within 30 days of microscopic colitis diagnosis
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In multivariable analysis, there were no differences in
presence of celiac disease, history of smoking, and statin use
between younger versus older patients after adjusting for dif-
ferences in baseline characteristics (Table 2). Older patients
were more than two times (OR 2.35, 95% CI 1.08-5.13,
P=0.03) more likely to be overweight or obese and more
than five times (OR 5.15, 95% CI 2.02-13.1, P<0.01) more
likely to use NSAIDs compared to younger patients.

A distribution of commonly used MC medications
stratified by patient age and overall response rates is
summarized in Table 3. There were no significant differ-
ences in treatment response to loperamide, budesonide,

mesalamine, and bismuth subsalicylate between younger
and older patients after adjusting for baseline differences
in BMI and NSAID use (Fig. 1). Supplementary Fig. 1
demonstrates treatment response to less commonly utilized
medications according to age at diagnosis (all nonsignifi-
cant). Younger patients were more likely to achieve remis-
sion with budesonide compared to older patients (n=13,
48.1% vs.n=37,29.1%, P=0.04) (Supplementary Fig. 2).
We did not observe any significant differences in treat-
ment response according to MC subtypes, although there
was a numerical difference toward a more favorable treat-
ment response in CC with budesonide (92.9% vs. 81.5%,

Table 2 Multivariable-

- . . Covariates Age <50 years Age> 50 years OR (95% CI) P value
adjusted comparison of disease (n=52) (1=243)
determinants according to age at
diagnosis Celiac disease 9(17.3) 14(5.8) 0.54 (0.17-1.79) 032
Ever smoking 18 (34.6) 131 (53.9) 1.63 (0.76-3.46) 0.21
BMT* (>24.8 kg/m?) 12 (23.1) 104 (42.8) 2.35(1.08-5.13) 0.03
NSAID usel 8(15.4) 118 (48.6) 5.15(2.02-13.1) <0.01
Statin use 2(3.8) 55 (22.6) 4.06 (0.90-18.4) 0.07
*BMI=body mass index
INSAID =non-steroidal anti-inflammatory drug
Table 3 Frequency and overall response rate of common MC treatments by age of diagnosis
Common therapies All patients (n=295) Age <50 years (n=52) Age> 50 years (n=243) Overall
response rate,
n (%)
Loperamide 115 (38.9) 16 (30.8%) 99 (40.7%) 60 (52.2)
Budesonide 154 (52.2) 27 (51.9%) 127 (52.3%) 136 (88.3)
Mesalamine 54 (18.3) 18 (34.6%) 36 (14.8%) 25 (46.3)
Bismuth subsalicylate 117 (39.7) 23 (44.2%) 94 (38.7%) 73 (62.4)
Fig. 1 Comparison of response 100.0
. p=0.12
to common MC therapies
. . . 90.0
according to age of diagnosis
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Fig.2 Comparison of response 100.0
therapy according to disease
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*13 patients had incomplete MC and were not included in this graph.

P=0.07) and bismuth subsalicylate (72.9% vs. 51.9%,
P=0.06) compared to LC (Fig. 2).

Discussion

In this multicenter retrospective cohort study, we highlight
the clinical characteristics and treatment response to com-
monly utilized medications in younger (<50 years of age)
and older (> 50 years) patients with MC. To our knowledge,
this is the first study to assess the clinically important ques-
tion of whether treatment outcomes in patients with MC
vary according to age. We show that there are no signifi-
cant differences in treatment response to loperamide, bis-
muth subsalicylate, budesonide, and mesalamine between
younger and older patients with MC. Additionally, we did
not observe any significant difference in treatment response
according to MC subtype. This study suggests that MC treat-
ment should not be based on patient age or MC subtype.
We found that most baseline characteristics were simi-
lar between younger and older patients with MC including
sex, race, MC subtype, and gastrointestinal symptoms. Prior
studies have shown a similar female predominance regard-
less of age [8, 17]. There was a higher proportion of younger
patients with celiac disease although this association did not
remain significant on multivariate analysis. We demonstrate
that older patients with MC are more than two times more
likely to be overweight or obese and more than five times
more likely to use NSAIDs compared to younger patients.
NSAIDs are commonly used in older adults for pain control
(e.g., osteoarthritis) and have been implicated as having a
high likelihood of causing MC [1, 18, 19]. A thorough medi-
cation review should be performed in all patients with MC,
especially the older adults, and discontinuation of implicated
drugs should be strongly be considered if safe and feasible.

@ Springer

In some patients with MC, discontinuation of a causative
medication can lead to resolution of colitis, or at least make
it more responsive to therapy [18, 20].

In this study, there were no significant differences in treat-
ment response to loperamide, bismuth subsalicylate, budeso-
nide, and mesalamine in younger compared to older patients.
While a prior study found that older age at MC diagnosis was
associated with a better response to bismuth subsalicylate
(OR 1.76,95% CI 1.21-2.56) [14], our study found no such
association. Decisions on management of patients with MC
should not place an undue emphasis on patient age, albeit
medication side effects in the older population should be
considered. Rather, treatment should be guided by the sever-
ity of patient symptoms with a goal of decreasing symptoms
and improving quality of life. Previously, Hjortswang et al.
demonstrated that patients with a mean of >3 stools or> 1
watery stool daily had significantly impaired health-related
quality of life [16]. Similarly, another study found a signifi-
cant correlation between six symptoms, namely number of
unformed stools daily, presence of nocturnal stools, abdomi-
nal pain, weight loss, fecal urgency, and fecal incontinence
and quality of life [21]. Therefore, these symptoms can be
used by physicians to assess patient’s initial symptoms and
evaluate response to treatment.

In addition, we demonstrate that there were no significant
differences in treatment response in patients with LC compared
to CC, consistent with prior studies [14, 22]. Colussi et al. [14]
also found no differences in treatment response based on MC
subtype for commonly used medications including budeson-
ide, mesalamine, bismuth subsalicylate, and cholestyramine,
although this study had a sample size of 131 patients and may
have been underpowered to detect such differences. Moreover,
a systematic review and meta-analysis found no difference in
treatment response between LC and CC with use of short-
term budesonide [22]. While there are characteristic histologic
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differences between LC (increased intraepithelial lympho-
cytes) and CC (thickened collagen band), these differences
do not appear to impact response to treatment, and therefore
the two subtypes are considered to represent a spectrum of the
same disease and should be treated similarly [1, 23].

There are a number of strengths and limitations to this
study. This is a multicenter retrospective cohort study with
data from two different patient populations (Rochester, MN
and Boston, MA) and a robust sample size of 295 patients.
While MC is more common in older adults, younger patients
accounted for a significant (18%) proportion of our study
population allowing for adequate comparisons between these
groups. We also were able to explore treatment response
with each of these specific MC subtypes rather than MC as a
whole. Moreover, we collected data on several potential con-
founders including comorbid conditions (celiac disease and
history of smoking or alcohol use) and frequently implicated
medications.

Despite our rigorous approach, important potential con-
founders such as data on exogenous hormone use, presence
of other immune-mediated conditions, and genetic sus-
ceptibility were not collected in our study. While we had a
large sample size in comparison to prior studies, there were
a limited number of patients in a number of subgroups that
make it difficult to adjust for more confounders. Moreover,
the study may have been underpowered to detect some differ-
ences in smaller subgroups. For example, while not statisti-
cally significant, patients with CC in this study had a greater
treatment response to budesonide and bismuth subsalicylate
compared to those with LC. There was also a numerical dif-
ference toward greater response to budesonide in older versus
younger patients, which did not reach statistical significance.
In contrast, we found that younger patients were more likely to
achieve remission with budesonide compared to older patients,
although this was based on a small sample size. Adequately
powered, prospective studies are needed to further study these
differences. Also, future studies should consider exploring fac-
tors that may explain differences in treatment response such
as the role of immune response (i.e., immunosenescence), gut
microbiome, or pharmacologic triggers. Additionally, given
that this study was performed at two large tertiary care centers,
referral and selection bias may have been present. In this study,
7.8% of the cohort had celiac disease which is higher than the
2.7% previously reported in a population-based study [6]. This
fact, together with the primarily Caucasian population in our
cohort, may limit the generalizability of the results.

Conclusion

In a retrospective study from two large centers in the US,
we observed no significant differences in treatment response
to commonly used medications between younger and older

patients with MC. In addition, treatment response was simi-
lar for patients with LC and CC. These findings suggest that
MC treatment should not be based on patient age or MC
subtype. While our study compared clinical characteristics
and treatment response in MC based on age at diagnosis, it
remains to be investigated whether there are differences in
the pathogenesis of MC according to age of diagnosis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10620-021-07162-4.
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