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Abstract
Objectives—Clinical response is typically observed in most adults with celiac disease (CD) after
treatment with a gluten-free diet (GFD). The rate of mucosal recovery is less certain. The aims of
this study were 1) to estimate the rate of mucosal recovery after GFD in a cohort of adults with CD,
and 2) to assess the clinical implications of persistent mucosal damage after GFD.

Methods—The study group included adults with biopsy-proven CD evaluated at the Mayo Clinic
who had duodenal biopsies at diagnosis and at least one follow-up intestinal biopsy to assess mucosal
recovery after starting a GFD. The primary outcomes of interest were mucosal recovery and all-cause
mortality.

Results—Of 381 adults with biopsy-proven CD, 241 (73% females) had both a diagnostic and
follow-up biopsy available for re-review. Among these 241, the Kaplan-Meier rate of confirmed
mucosal recovery at 2 years following diagnosis was 34% (95% CI: 27%–40%), and at 5 years was
66% (95% CI: 58%–74%). Most patients (82%) had some clinical response to GFD, but it was not
a reliable marker of mucosal recovery (p=0.7). Serological response was associated with confirmed
mucosal recovery (p=0.01). Poor compliance to GFD (p<.01), severe CD defined by diarrhea and
weight loss (p<.001), and total villous atrophy at diagnosis (p<.001) were strongly associated with
persistent mucosal damage. There was a trend toward an association between achievement of mucosal
recovery and a reduced rate of all-cause mortality (HR = 0.13, 95% CI: 0.02–1.06, p = .06), adjusted
for gender and age.

Conclusions—Mucosal recovery was absent in a substantial portion of adults with CD after
treatment with a GFD. There was a borderline significant association between confirmed mucosal
recovery (vs. persistent damage) and reduced mortality independent of age and gender. Systematic
follow-up with intestinal biopsies may be advisable in patients diagnosed with CD as adults.
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Introduction
Celiac disease (CD) is triggered by the ingestion of gluten present in cereals such as wheat,
barley and rye in genetically-susceptible individuals.1 While severe complications can develop
if unrecognized and untreated, a gluten-free diet (GFD) is an effective treatment that can
alleviate symptoms and normalize antibodies and the intestinal mucosa in patients with CD.
2, 3

Substantial clinical response is observed in most patients with CD after only a few weeks on
a GFD. 4 However, mucosal recovery does not occur in all patients with CD in whom complete
clinical response is achieved.5, 6 Also, there are asymptomatic cases of CD in the presence of
severe mucosal damage.7

Up to 95% of CD diagnosed during childhood may have complete intestinal mucosal recovery
within 2 years after starting a GFD.8 The rate of mucosal recovery after treatment with a GFD
in adults with CD is less certain.5, 6, 9 10–12 Complete recovery of the intestinal mucosa in
adults with CD may be obtainable, but often requires longer than 12 months of strict adherence
to GFD.2, 13 Besides the obvious issue of poor adherence to GFD, other factors involved in
persistence of intestinal damage in adults with treated CD are less clear.14 Documentation of
mucosal recovery after treatment with a GFD may be clinically relevant because persistent
mucosal damage appears to increase the risk of severe complications in patients with CD, even
in the absence of symptoms.15 Persistent mucosal villous atrophy without symptoms has not
been traditionally considered within the spectrum of refractory celiac disease (RCD), a rare
condition characterized by severe malabsorption and persistent villous atrophy despite strict
adherence to GFD.16–18 However, a minority of patients with treated CD, without symptoms
but with persistent mucosal villous atrophy, may develop overt RCD or other complications
over time.15

Diagnosed clinically-detected CD carries a modestly increased risk of mortality mainly
attributable to malignancies, though strict adherence to a GFD may reduce this risk.19, 20 21–
24 Two studies have suggested a significantly increased risk of mortality over time in patients
with undiagnosed CD.25, 26 However, the association of undiagnosed CD with increased
mortality is not universal nor is the association with increased malignancy.27, 28 Recently, a
large study from Sweden demonstrated an elevated risk of death among patients with CD
(Marsh stage 3), duodenal inflammation (Marsh stage 1–2) or latent CD, the latter defined as
positive celiac serology in individuals with normal mucosa (Marsh stage 0).29, 30 The effect
of persistent mucosal damage, despite treatment with a GFD, on “hard” outcomes (e.g.,
mortality) is unknown, as are the clinical factors associated with rate of mucosal recovery. It
can be hypothesized that 1) persistent mucosal damage in adults with treated CD can in some
cases lead to an increased risk of death over time, and 2) there are clinical factors that may be
associated with a reduced rate of mucosal recovery.

The aims of the study are 1) to estimate the rate of mucosal recovery in response to a GFD in
adults with biopsy-proven CD, 2) to identify clinical factors associated with persistent mucosal
damage, and 3) to determine whether the persistence of mucosal damage after treatment with
a GFD in adults with CD is associated with increased mortality.
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Material and Methods
Subjects

The study group included only adults (age ≥18 years old) with biopsy-proven CD evaluated at
the Mayo Clinic prior to 2008 who had duodenal biopsies at diagnosis and at least one follow-
up intestinal biopsy to assess mucosal recovery after 5 months or more of diagnosis.

Data abstraction
Clinical data were retrospectively abstracted from the medical record. In the collection of data,
clinical and laboratory data were abstracted from the medical record and listed according to
either the date when the baseline (diagnostic) biopsy was taken or at the time of the first follow-
up or subsequent biopsies. Compliance to the GFD was evaluated by review of dietary history
obtained by a dietitian experienced in CD.14 The dietitian assessment closest to the time of
the follow-up biopsies was used to grade compliance as follows: 1 = no evidence of gluten
ingestion, 2 = rarely non-compliant, 3 = occasionally non-compliant, 4 = intermittently non-
compliant and 5 = non-compliant. Using the previous scale, compliance to the GFD was
summarized as follows: good (grades 1 or 2), moderate (grade 3), and poor (grades 4 or 5).
Additionally, the causes of histological non-response were reviewed. Multiple mucosal
biopsies from the distal part of the duodenum (4–6 biopsy specimens) were obtained in all
patients, as previously recommended.1, 2 Pathology material (consisting largely of endoscopic
biopsies from the small bowel) was re-reviewed in a standardized fashion. Histological lesions
were classified according to the modified Marsh classification31, 32 using the worst histologic
finding observed in the slide to characterize the lesion. Additional histologic parameters were
systematically evaluated: the villous to crypt ratio and the percentage of intraepithelial
lymphocytes (IELs) per 100 epithelial cells (normal cut-off: <40%).31, 32

Criteria of response to treatment with a gluten-free diet
Clinical—To clearly describe the clinical course of CD after gluten withdrawal, some arbitrary
a priori definitions were used. “Clinical response” was defined as “complete” in the absence
of diarrhea or any evidence of the presenting symptoms and “partial” when some clinical
improvement was documented after treatment with a GFD but without return to normality.

Serological—Serological response was defined as a negative tTGA result and/or EMA result
at follow-up (either seroconversion when positive serology was documented at diagnosis or
simply a negative serologic test at follow-up when serology at diagnosis was unavailable).

Histological—“Mucosal recovery” was defined by a villous to crypt ratio of 3 to 1 or higher
based on the average ratio previously reported in non-celiac control subjects and the American
Gastroenterological Association (AGA) Technical Review on Celiac Sprue recommendations.
2 13 The number of IELs per 100 epithelial cells was not considered criteria for mucosal
recovery because 1) the finding is nonspecific and other environmental factors unrelated to CD
may cause intraepithelial lymphocytosis,33, 34 and 2) reduction of IELs (specially γδ+
population) after treatment with a GFD can take years to occur.35, 36 However, intraepithelial
lymphocytosis (defined as >40 IELs per 100 epithelial nuclei)31, 32 was documented when
present. “Histological improvement” was arbitrarily defined by an increase of villous to crypt
ratio ≥2.0 points in the follow-up biopsy with respect to the baseline.

Statistical analysis
Data were summarized by descriptive statistics, including counts and percentages for
categorical data and medians and ranges for continuous parameters. For data collected around
the time of first follow-up biopsy, patients with confirmed mucosal recovery were compared
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to those with persistent damage. In particular, continuous data was compared between groups
using a Wilcoxon Rank Sum Test, while categorical data was compared using Chi-Square Test
or Fisher’s Exact Test as appropriate. Ordinal data was tested for a linear trend in the binary
proportions using a Cochran-Armitage Trend Test. Data measured repeatedly within subjects
was tested for a significant change from time of diagnosis to first follow-up biopsy using
Wilcoxon Signed Rank Test for continuous data, and McNemar’s Test for categorical data. In
addition, the Kaplan-Meier (KM) method was used to estimate overall survival and rate of
mucosal recovery from time of diagnostic biopsy. Cox proportional hazards regression was
used to test for association between clinical factors and time-to-mucosal recovery, and between
mucosal recovery and overall survival. For the latter, a multivariable model was fit including
age and gender as adjusting covariates, and mucosal recovery as a time-dependent variable.
Furthermore, to include all patients (even those without diagnostic or follow-up biopsy
information) so as to reduce chance of selection bias, a category of unknown mucosal recovery
was appropriately designated and defined in the model. An adjusted hazard ratio and 95%
confidence interval (CI) are reported to summarize the risk of death in patients with confirmed
mucosal recovery relative to those with confirmed persistent damage. A P-value <0.05 was
considered statistically significant. All statistical analyses were carried out using SAS (version
8.2, SAS Institute, Cary, NC) or Splus (version 8.0, Insightful, Seattle, WA) software packages.

Ethical issues
This study was approved by the institutional review board of the Mayo Clinic.

Results
Patients

Three-hundred-eighty-one adults with CD seen in the Division of Gastroenterology and
Hepatology at Mayo Clinic prior to 2008 were considered for inclusion. Of these, 73 patients
did not have the diagnostic intestinal biopsy available for re-review and an additional 67 did
not have a follow-up biopsy performed during their clinical follow-up. Thus, for most analyses,
we included only the 241 patients with both diagnostic and follow-up biopsy data available.
The cohort of 241 CD patients was predominately female (n=176, 73%) with a median (range)
age at CD diagnosis of 47 years (18–84). Approximately two-thirds (n=162, 67%) of patients
had one follow-up biopsy, while the remaining one-third (n=79, 33%) of patients had more
than one (range, 2 – 8). Clinical presentation of CD was classical in 157 (65%) patients, atypical
in 76 (32%) patients, and silent in 8 (3%) patients. Severe CD (defined by the presence of
diarrhea and weight loss) was present in 87 (36%) patients. Among the 239 of 241 patients
with a diagnostic biopsy prior to GFD, all had some degree of intestinal villous atrophy (Marsh
type 3), and nearly half (n=118, 49%) had total villous atrophy. The biopsy showed partial
villous atrophy in 2 patients in whom the confirmatory biopsy was taken after the onset of non-
medical supervised GFD for 9 and 28 months, respectively. Serology results at the time of CD
diagnosis was available for a subset of the 241 patients, including 110 (46%) with an anti-tissue
transglutaminase antibodies (tTGA) result and 116 (48%) with an endomysial antibodies
(EMA) result. Among the 110 tTGA-tested patients, 93 (85%) were positive with a median
(range) titer of 83 U (20–250). For the 116 patients with an EMA result at time of diagnosis,
89 (77%) tested positive with a median (range) titer of 1:160 (1:5–1:2560). Among the 27
patients who tested EMA negative, most were found to have partial villous atrophy (n=23,
85%). Overall, a total of 160 (66%) had either tTGA or EMA at the time of CD diagnosis, of
whom 126 (79%) tested positive. Autoimmune diseases other than CD were observed in 21%
of patients. These conditions included either hypothyroidism (n=16), dermatitis herpetiformis
(n=11), hyperthyroidism (n=8), type 1 diabetes mellitus (n=6), Crohn’s disease (n=2),
autoimmune hepatitis (n=1), or ulcerative colitis (n=1). In addition, some patients had multiple
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autoimmune disorders including hypothyroidism with either dermatitis herpetiformis (n=2),
hepatitis (n=1), or lupus (n=1). (Table 1)

Histology at first follow-up biopsy
For all 241 patients that underwent a first follow-up biopsy to assess mucosal recovery, the
time since diagnostic biopsy ranged from approximately 5 months to 35 years. Of note, 14
(6%) patients had a follow-up biopsy between 5 and 6 months after a GFD; in all others, the
follow-up biopsy was taken after at least 6 months on a GFD. To determine whether rate of
confirmed mucosal recovery was dependent on duration, time from diagnostic biopsy (baseline
biopsy) to first follow-up biopsy was trichotomized into three categories: <2 years, 2–5 years,
and >5 years. The first follow-up biopsy was taken within 2 years of diagnostic biopsy in 165
(68%) patients, between 2–5 years in 51 (21%) patients, and after 5 years in 25 (11%) patients.
Among 165 patients with a first follow-up biopsy <2 years after their diagnostic biopsy,
mucosal recovery was confirmed in 58 (35%) patients. Conditional on having a first follow-
up biopsy 2–5 years after diagnostic biopsy, mucosal recovery was confirmed in 22 (43%) of
51 patients. Conditional on having the first follow-up biopsy >5 years after diagnostic biopsy,
mucosal recovery was confirmed in 10 (40%) of 25 patients. Since the mucosal recovery rate
did not significantly change across time categories (p=0.40 from Cochran-Armitage Trend
Test), the mucosal recovery rate of the entire group at time of first follow-up biopsy is expressed
as the overall proportion, or 37%. (Table 2)

Villous architecture—Histological improvement and mucosal recovery were confirmed in
108 (45%) and 90 (37%) patients, respectively, at the time of the first follow-up biopsy. From
the 121 patients with partial villous atrophy at diagnosis, 57 (45%) had achieved mucosal
recovery while the remaining 64 (55%) had persistent mucosal damage (60 with unchanged
partial villous atrophy and 4 with progression to total villous atrophy). From the 118 patients
with total villous atrophy at diagnosis, mucosal recovery was confirmed in 33 (28%) patients,
and total villous atrophy was downgraded to partial villous atrophy in 52 (44%) patients while
remaining unchanged in the other 66 (56%) patients. Clinical presentation at diagnosis of CD
(i.e., classical, atypical, or silent) was not associated with mucosal recovery at the time of first
follow-up biopsy after GFD (p=0.98).

Villous to crypt ratio and intraepithelial lymphocytes—At the time of diagnostic
biopsy, the median (range) villous to crypt ratio and percentage of intraepithelial lymphocytes
were 0.2 (0.0–2.0) and 75 (20–200), respectively. Overall, the median (range) villous to crypt
ratio and percentage of intraepithelial lymphocytes at the first follow-up biopsy were 2.0 (0.0–
5.0) and 40 (10–140), respectively. The villous to crypt ratio was significantly higher at the
first follow-up biopsy than at the diagnostic biopsy, while the percentage of intraepithelial
lymphocytes was significantly lower (both p<.001). (Figure)

Intraepithelial lymphocytosis was observed in only 7 (8%) patients with confirmed mucosal
recovery at the time of the first follow-up biopsy, compared to 73 (49%) patients without
confirmed mucosal recovery (p<.001).

Dietary Compliance Assessment—Assessment of compliance to GFD by dietitian
interview was available in 236 (98%) patients and unknown in 5 patients. Among those
assessed, compliance was good in 156 (66%) patients, moderate in 49 (21%), and poor in 31
(13%). Among the 236 patients with a known compliance status, 89 achieved mucosal recovery
and 147 had persistent mucosal injury at the time of first follow-up biopsy. For those who
achieved mucosal recovery, the number of patients with good, moderate, and poor compliance
to GFD was 67 (75%), 18 (20%), and 4 (4%), respectively. In comparison, patients with
persistent mucosal damage at first follow-up biopsy were significantly less compliant to GFD
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(good, moderate, and poor compliance of 61%, 21%, and 18%, respectively; p = 0.003). (Table
2)

Symptoms
Sufficient clinical data to assess symptomatic response to a GFD at the time of first follow-up
biopsy were available in 235 (98%) patients. Of these, clinical response was observed in 192
(82%) patients (n=132 complete and n=60 partial) and absent in the remaining 43 (18%)
patients (n=28 without mucosal recovery and n=15 with mucosal recovery). The diagnosis of
CD was supported in the 28 patients with characteristic histology of CD but without both
clinical and histological response to GFD by the presence of positive serology sometime during
clinical evolution (n=21) or HLA-DQ2 (n=19) or else biopsy-proven dermatitis herpetiformis
(n=2) and the absence of any alternative cause of villous atrophy (n=28).

Despite complete or partial clinical response, 119 (62%) of 192 patients with clinical response
were found to have persistent damage at their follow-up biopsy. There was no association
between clinical response and mucosal recovery at the time of first follow-up biopsy (p=0.70).

Serology
Tissue transglutaminase antibodies results were available in 162 (67%) patients at the time of
first follow-up biopsy, of whom 107 (66%) were negative and 55 (34%) were positive. From
time of diagnosis to first follow-up biopsy, patients who were sero-tested at both time points
demonstrated an improvement in tTGA result (p<.001). In particular, of the 79 patients tested
at follow-up who previously had a positive tTGA result at diagnostic biopsy, 44 (56%) became
seronegative. Seroconversion of tTGA was documented in 18 (64%) of 28 and 26 (51%) of 51
patients with and without mucosal recovery confirmation at the time of first follow-up biopsy,
respectively (p=0.25).

Among the 124 (51%) patients for whom an EMA result was available at the time of first
follow-up biopsy, 101 (81%) were negative and 23 (19%) were positive. Similar to tTGA
results, patients who were EMA-tested at both time points demonstrated an improvement in
EMA result from time of diagnosis to time of the first follow-up biopsy (p<.001). In 50 patients
tested at follow-up who previously had a positive EMA at time of diagnosis, 36 (72%) became
seronegative. Seroconversion of EMA was documented in 16 (89%) of 18 and 20 (63%) of 32
patients with and without mucosal recovery confirmation at the time of first follow-up biopsy,
respectively (p=0.05).

Histologic findings in the second (or subsequent) follow-up biopsies
Seventy-nine (33%) patients had at least one additional follow-up biopsy subsequent to their
first follow-up biopsy (n=50 patients who had one additional biopsy, n=9 patients who had
two additional biopsies, and n=20 patients who had three or more additional biopsies). Among
patients who showed persistent damage at their first follow-up biopsy, mucosal recovery was
later confirmed in 34 (59%) of 58 patients with subsequent biopsies. Thus, after a median
(range) follow-up duration of 19 months (5–420 months), the overall rate of confirmed mucosal
recovery at 2 years following diagnosis was 34% (95% CI: 27%–40%), and 66% (95% CI:
58%–74%) after 5 years. The median time to confirmed mucosal recovery was approximately
3.8 years. Overall, mucosal recovery was confirmed in 124 patients at some time during clinical
follow-up, 105 of whom were confirmed within 5 years.

The relationship between mucosal recovery and timing of first follow-up biopsy (from
diagnostic biopsy) with mucosal recovery and timing of second follow-up biopsy (from initial
follow-up biopsy) is summarized in Supplementary Table 1 and Supplementary Table 2.
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Strength of association between clinical factors and mucosal recovery
Among clinical factors evaluated around time of CD diagnosis, only severe clinical
presentation and total villous atrophy were found to be associated with a lower rate of confirmed
mucosal recovery (p<.001 for both; univariate analysis). In particular, the rate of mucosal
recovery for CD patients with a severe clinical presentation is about half of that as those without
a severe presentation, and is reduced nearly 3-fold in those with total versus partial villous
atrophy. (Table 3)

Survival
The overall cohort of n=381 CD patients were followed over time for all-cause mortality. A
total of 17 patients were determined to have died during the first 10-years of follow-up, 11 who
had been evaluated at least once during follow-up for mucosal recovery. Among these 11
patients, all but one patient had shown evidence of persistent damage up to their last biopsy
before death. There was a borderline significant association between confirmed mucosal
recovery (vs. persistent damage) and reduced mortality (HR= 0.13; 95% CI, 0.02–1.06; p = .
06) adjusted for gender and age. Among the 10 patients who died without prior mucosal
recovery confirmation, cancer was the most common cause of death (Table 4).While
autoimmune diseases other than CD were observed in 21% of patients, the presence of an
autoimmune disease was not associated with mortality in this cohort (HR=1.34; 95% CI, 0.48–
3.70; p=0.58).

Discussion
The principal findings are: 1) mucosal recovery did not occur in a substantial portion of adults
with CD for years following diagnosis (rate of confirmed mucosal recovery only 34% at 2
years; 95% CI: 27%–40%), 2) there was a borderline significant association between confirmed
mucosal recovery (vs. persistent damage) and reduced mortality (HR= 0.13; 95% CI, 0.02–
1.06; p = .06) independent of age and gender, and 3) poor compliance to GFD, total villous
atrophy at diagnosis of CD, and severe clinical presentation were associated with persistence
of intestinal damage in adults with treated CD.

A novel finding of this study is the fact that persons with mucosal recovery after treatment with
a GFD may have a clinically relevant lower risk of all-cause mortality than patients with
persistent mucosal damage. Moreover, the causes of death in most patients with persistent
mucosal damage were CD-related complications such as refractory CD,16 lymphoma,37

hepatocellular carcinoma,38 and Streptococcal infections.39Thus, histological documentation
of mucosal recovery by systematic follow-up with duodenal biopsies appears to be a relevant
clinical end-point in adults with CD.

The reason(s) that may explain the higher rate of persistent mucosal damage in this cohort are
unknown. Most patients in this cohort had good clinical response to GFD, but persistent
mucosal damage. However, it is possible that the well-known causes of symptomatic, non-
responsive treated CD (e.g., gluten contamination) may also underlie persistent mucosal
damage in some of our patients.40, 41 The overall rate of good adherence to GFD in our cohort
(66%) is consistent with the rate observed in other adult populations;42–45 poor adherence to
a GFD appears to be an obvious factor for persistent damage in a minority of our patients
(13%). However, the fact that only 67 (43%) of 156 patients with good adherence to a GFD,
as determined by the dietitian interview, achieved mucosal recovery suggests that occult gluten
sources (either cross-contamination or inadvertent gluten ingestion that are difficult to identify)
or other yet unknown factors (e.g., genetics, age-related, duration of gluten exposure before
treatment) may play a role in persistence of mucosal injury in adults with treated CD. These
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findings further support the urgent necessity of standard labeling for gluten-free foods in the
United States.46, 47

Inappropriate food labeling, poor awareness and education about CD, high rate of undetected
CD, late intervention, American lifestyle (e.g., culture of “dining out” and easy access to fast-
food restaurants), and the limited availability or high cost of gluten-free foods (without
compensation for additional cost of maintaining a GFD) might be some factors that explain
discrepancies in rate of mucosal recovery after treatment with a GFD among United States and
countries with excellent rates of mucosal recovery in adults such as Finland.48, 49 13, 46, 50
Thus, good adherence to GFD is necessary for mucosal recovery, but does not guarantee
mucosal recovery in all. Currently, there is not consensus on either the role of intestinal biopsy
to monitor intestinal recovery or the most appropriate time of repeat the intestinal biopsy after
treatment with a GFD in adults with CD. Our data suggests that the time to mucosal recovery
in adults with treated CD is longer than 6 months. Accordingly, a follow-up biopsy, 12–24
months after the onset of treatment with a GFD may be advisable in adults with CD. In this
cohort, clinical response after GFD was not associated with mucosal recovery, consistent with
other previous reports.9, 15 51 Serological responses (either negative EMA or negative tTGA)
were significantly associated with mucosal recovery, however, persistent mucosal damage may
be present in the absence of EMA or tTGA in the serum. Thus, biopsy remains the best tool to
evaluate mucosal response in adults with CD, although limited only to the proximal small-
intestine, where healing seems to lag behind healing more distally.52

Interestingly, 4 patients with poor adherence to GFD achieved mucosal recovery, suggesting
that the development of tolerance to gluten may be possible in some adults with biopsy-proven
CD; 53–55 however, clinical or histological relapse of the disease (in some cases with a different
phenotype) or complications may still occur over time.54, 56

Mucosal recovery in adults with CD may be obtainable after strict adherence to GFD but may
require a longer time,13 especially in patients with total villous atrophy at diagnosis as
suggested by the evidence of histological improvement (from total to partial villous atrophy)
after treatment with a GFD in 44% of our patients with total villous atrophy at baseline. Thus,
it is possible that a longer time on a strict GFD may result in mucosal recovery in some patients
consistent with our finding that 59% patients with a second or subsequent follow-up biopsies
achieved mucosal recovery. However, cautious interpretation of these data is recommended
because second (or subsequent) follow-up biopsies were obtained in only one-third of our
cohort. Lastly, our results, obtained in a specialized center for celiac disease care may not be
applicable to patients who do not have access to expert dietary instruction.

Intraepithelial lymphocytosis improved after treatment with a GFD in 92% of patients with
concomitant mucosal recovery. The reason for persistence of intraepithelial lymphocytosis in
7 of our patients with mucosal recovery is unknown, but may be related to gluten-independent
factors.34 33, 57 On the contrary, intraepithelial lymphocytosis was observed in up to 49% of
patients without mucosal recovery. The fact that 51% patients without mucosal recovery had
normal IEL numbers, suggests that intraepithelial lymphocytosis may improve before complete
mucosal recovery is achieved, consistent with the model of stages of spectrum of severity. 31

All patients who died within 10 years of follow-up without mucosal recovery had concurrent
intraepithelial lymphocytosis in the last follow-up biopsy. Taken together, these findings
further support previous reports on the clinical benefit that a GFD may have in the treatment
of both mild enteropathy CD or severe CD.1, 9, 58

Potential limitations of this study are those related to a retrospective design--not all patients
underwent follow up biopsies at uniform intervals, missing data, drop-outs, and potential of
referral or selection bias. Analysis of both the rate of mucosal recovery and potential
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interventions to improve histological outcome in adults with CD in referral and population-
based cohorts by a prospective study design appears to be justified.

In conclusion, we demonstrated that mucosal recovery is absent in a substantial portion of
adults with CD after treatment with a GFD. Achievement of mucosal recovery after treatment
with a GFD in adults with CD may be associated with a better survival as compared to patients
with persistent mucosal damage. Systematic follow-up with intestinal biopsies may be
advisable in patients diagnosed with celiac disease as adults.

Study Highlights

What is current knowledge?
• Lifelong GFD is the only effective treatment to alleviate the symptoms, normalize

antibodies and the intestinal mucosa in patients with CD.

• Up to 95% of children with CD may achieve mucosal recovery within 2 years after
starting treatment with a GFD. The rate of mucosal recovery after treatment with
a GFD in adults with CD is less certain.

• Persistent mucosal damage after treatment with a GFD may increase the risk of
complications in adults with CD. However, the effect that persistent mucosal
damage after treatment with a GFD may have on survival of adults with CD is
unknown.

What is new here?
• Mucosal recovery was absent in a substantial portion of adults with CD years after

diagnosis (Kaplan-Meier 2-year mucosal recovery rate of 34%; median time to
confirmed mucosal recovery of about 3.8 years).

• There is a borderline significant association between confirmed mucosal recovery
(vs. persistent damage) and reduced mortality (HR= 0.13; 95% CI, 0.02–1.06; p
= .06) independent of age and gender

• Systematic follow-up with intestinal biopsies may be advisable in patients
diagnosed with CD as adults.
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Figure.
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Villous to crypt ratio and number of intraepithelial lymphocytes in adult patients with untreated
and treated celiac disease: Note the significant improvement on villous to crypt ratio (Panel
A) and significant decrease in the number of intraepithelial lymphocytes (Panel B) after
treatment with a gluten-free diet (both p<.001). Red line is the reference for change from
diagnosis to follow-up data.
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Table 1

Summary of Cohort at Time of CD Diagnosis

Variable
Total
(n=241)

Age at CD diagnosis* 47 (18, 84)

Gender

.   Male 65 (27%)

.   Female 176 (73%)

Decade of CD diagnosis

.   1970s 2 (1%)

.   1980s 6 (2%)

.   1990s 47 (20%)

.   2000s 186 (77%)

Clinical presentation

.   Classical 157 (65%)

.   Atypical 76 (32%)

.   Silent 8 (3%)

Diarrhea 157 (65%)

Weight loss 109 (45%)

Severe CD 87 (36%)

Autoimmune disease 49 (21%)

Positive tTGA at CD diagnosis 93/110 (85%)

tTGA titer at CD diagnosis* 83 (20, 250)

Positive EMA at CD diagnosis 89/116 (77%)

EMA titer at CD diagnosis* 160 (5, 2560)

Positive tTGA or EMA at CD diagnosis 126/160 (79%)

Intraepithelial lymphocytes at CD diagnosis* 75 (20, 200)

Villous atrophy at CD diagnosis

.   Partial 123 (51%)

.   Total 118 (49%)

Villous to crypt ratio at CD diagnosis* 0.2 (0.0,2.0)

*
Median (Min, Max)

CD, celiac disease; tTGA, tissue transglutaminase antibody; EMA, endomysial antibody
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Table 2

Extent of Disease and Mucosal Recovery at Time of 1st Follow-Up Biopsy

Variable
Total
(n=241)

Persistent Damage
(n=151)

Mucosal Recovery
(n=90) P-value

Time since diagnostic biopsy 0.40α

.   <2 years 165 (68%) 107 (71%) 58 (64%)

.   2–5 years 51 (21%) 29 (19%) 22 (24%)

.   >5 years 25 (10%) 15 (10%) 10 (11%)

Clinical presentation 0.98

.   Classical 157 (65%) 99 (66%) 58 (64%)

.   Atypical 76 (32%) 47 (31%) 29 (32%)

.   Silent 8 (3%) 5 (3%) 3 (3%)

Histological improvement 108 (45%) 20 (13%) 88 (99%) <.001

Intraepithelial lymphocytes * 40 (10, 140) 40 (10, 140) 20 (10, 100) <.001

Intraepithelial lymphocytes
categories

<.001α

.   <30 83 (36%) 26 (17%) 57 (68%)

.   30–40 70 (30%) 50 (34%) 20 (24%)

.   >40 80 (34%) 73 (49%) 7 (8%)

Intraepithelial lymphocytosis 80 (34%) 73 (49%) 7 (8%) <.001

Villous to crypt ratio * 2.0 (0.0, 5.0) 1.0 (0.0, 2.5) 3.0 (0.0, 5.0) <.001

Compliance to GFD <.01α

.   Good 156 (66%) 89 (61%) 67 (75%)

.   Moderate 49 (21%) 31 (21%) 18 (20%)

.   Poor 31 (13%) 27 (18%) 4 (4%)

Clinical response at 1st f/u
biopsy

192 (82%) 119 (81%) 73 (83%) 0.70

Positive tTGA at 1st f/u
biopsy

55/162 (34%) 42/100 (42%) 13/62 (21%) 0.01

tTGA conversion† 44/79 (56%) 26/51 (51%) 18/28 (64%) 0.25

tTGA response 100/154 (65%) 55/96 (57%) 45/58 (78%) 0.01

Positive EMA at 1st f/u
biopsy

23/124 (19%) 20/75 (27%) 3/49 (6%) <.01

EMA conversion† 36/50 (72%) 20/32 (63%) 16/18 (89%) 0.05

EMA response 93/116 (80%) 51/71 (72%) 42/45 (93%) 0.01

*
Median (min, max) reported; P-value from Wilcoxon Rank Sum Test

α
P-value from Cochran-Armitage Trend Test

†
% based on those who tested positive at diagnosis

GFD, gluten-free diet; tTGA, tissue transglutaminase antibody, EMA, endomysial antibody
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Table 3

Strength of association among clinical characteristics and mucosal recovery confirmation

Clinical Characteristic Hazard Ratio (95% CI) P-value

Age at diagnosis (per 10-year increase) 0.94 (0.83 – 1.06) 0.32

Male gender (vs. female) 0.86 (0.57–1.28) 0.45

Total villous atrophy at diagnosis (vs. partial) 0.36 (0.24–0.52) <.001

Classical presentation of CD (vs. atypical) 0.74 (0.50–1.09) 0.13

Severe CD (vs. non-severe CD) 0.49 (0.33–0.72) <.001

CD, celiac disease
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Table 4

Age and cause of death in 17 patients who died during clinical follow-up according to follow-up intestinal biopsy
status

Case Mucosal
recovery/IELs

(%)*

Duration
from last
biopsy to

death, years

Age at
death/gender

Cause of death

1 No/80 0.3 70/M
Enteropathy-type T-cell
lymphoma

2 No/80 0.5 74/M
Enteropathy-type T-cell
lymphoma

3 No/100 0.5 72/M
Heart failure secondary to
giant cell myocarditis

4 No/60 0.6 61/M

Progressive inflammatory-
destructive central nervous
system disorder (autopsy
diagnosis)

5 Yes/20 0.9 77/M Interstitial pneumonia

6 No/60 1.0 68/M Metastatic lung cancer

7 No/60 1.1 67/M Streptococcal meningitis

8 No/100 1.3 65/F

Refractory celiac disease
type 2 with enteropathy-
type T-cell lymphoma

9 No/80 1.4 49/F
Diffuse anaplastic large-cell
lymphoma (nodal site)

10 No/40 2.1 77/F Hepatocarcinoma

11 Unknown 2.9 84/F
Community-acquired
bacterial pneumonia

12 Unknown 2.9 50/F
Systemic lupus
erythematous

13 No/100 3.1 66/F
Metastatic neuroendocrine
carcinoid of the rectum

14 Unknown 4.3 54/M
Sepsis secondary to acute
cholecystitis

15 Unknown 5.6 74/F
Acute lower extremity
ischemia and sepsis

16 Unknown - 78/M
Acute myelogenous
leukemia

17 Unknown - 61/M
Severe malnutrition with
emaciation and anasarca

*
IELs (%), intraepithelial lymphocytes per 100 epithelial cells

Am J Gastroenterol. Author manuscript; available in PMC 2011 June 1.


