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SUMMARY

Background

Increasing numbers of individuals are now being diagnosed with coeliac
disease. The only accepted treatment for coeliac disease is lifelong
adherence to a strict gluten-free diet (GFD). Individuals’ ability to
adhere to the GFD varies, but systematic studies guiding the assessment
of adherence are currently lacking.

Aim
We sought to compare the predictive value of self-report and four sero-
logic tests compared to expert nutritionist evaluation.

Methods

In all, 154 individual adults with biopsy-proven coeliac disease rated
their adherence to the GFD on a Likert scale. Serum antibody titres of
IgA anti-tissue transglutaminase, and IgA and IgG anti-deamidated glia-
din peptides were determined. Using anova and ROC analyses, results
were compared to a standardized evaluation by an expert nutritionist
blinded to the participants’ self-rated adherence and serology results.

Results

All serologic measures as well as participant reported adherence were
significantly associated with GFD adherence as assessed by expert nutri-
tionist evaluation. However, on ROC analysis no measure performed sat-
isfactorily. The performance of serologic testing, but not self-report,
improved with increased time on the GFD.

Conclusion

Although current serologic tests have very high sensitivities and speci-
ficities for the diagnosis of coeliac disease, they cannot replace trained
nutritionist evaluation in the assessment of GFD adherence.
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INTRODUCTION

Coeliac disease (CD) is common throughout a large
part of the world and is of increasing significance in
gastroenterology practice. The only accepted treatment
for CD is lifelong adherence to a gluten-free diet
(GFD). Complete gluten withdrawal in individuals
diagnosed with classic symptoms has been shown to
lead to normalization of standardized mortality rate,"
as well as improvement in the majority of CD-related
complications  including osteoporosis/osteopenia,’
anaemia,” risk of malignancy,”® gastrointestinal
symptoms,* and in some studies, psychological well-
being and quality of life.*7 Unfortunately, mainte-
nance of a GFD entails avoiding the ingestion of even
small amounts of products derived from wheat, rye or
barley.

Despite the proven benefits it can be exceedingly
difficult to completely avoid gluten-containing foods.
As a result it is estimated that only 45-80% of
patients with CD adhere strictly to a GFD.®° Many
patients with continuing gluten exposure will have
persistent or recurrent symptoms of CD, and laboratory
and/or pathologic changes consistent with active CD.
Individuals with CD who present with ongoing symp-
toms despite dietary therapy are often found to have
ongoing gluten exposure.'” '' However, the differen-
tial diagnosis is wide and includes refractory CD,
intestinal T-cell lymphoma, small intestinal bacterial
overgrowth, microscopic colitis, disaccharide intoler-
ance and irritable bowel syndrome (IBS). For this rea-
son, it is crucial for clinicians to accurately gauge a
patient’s adherence to a GFD. In that way individuals
with likely gluten exposure can be evaluated carefully
by a trained and experienced coeliac nutritionist, while
those who adhere strictly can undergo further testing
and treatment as needed.

As the clinical spectrum of CD has widened individ-
uals are increasingly diagnosed with minimal or no
symptoms. It is not certain that all individuals with
CD including those with silent disease or atypical pre-
sentations will benefit from diagnosis and treatment.
However, regardless of clinical presentation, a strict
GFD is the sole therapy for CD and is effective in heal-
ing the mucosal lesion in the majority of cases. Thus,
adherence to the GFD is the single most important
contributor to disease activity and is often used as a
surrogate measure of CD activity both in clinical prac-
tice and in research studies. Thus, the lack of a stan-
dardized, accurate measure of GFD adherence is a

significant problem both clinically and in research.
Despite this clear need, validation of a test to measure
GFD adherence has been difficult. Studies of conven-
tional serologic tests have not yielded favourable
results."*”'* In this study, we prospectively examined
the predictive value of self-report, of four serologic
measures of GFD adherence (IgA anti-tissue transglu-
taminase (tTG), IgA anti-deamidated gliadin peptides
(DGP), IgG anti-DGP, and combined IgA-IgG anti-
DGP) against the current gold standard of expert
nutritionist evaluation.

METHODS

Adults (>18-year-old) with biopsy-confirmed CD for
greater than 3 months were enlisted to participate
through recruitment posters that were mailed to local
New England support groups and advertisements
placed in regional CD newsletters and publications fre-
quented by individuals with CD. In addition, eligible
patients with CD being treated by the coeliac centre at
Beth Israel Deaconess Medical Center (BIDMC), Boston,
a tertiary care centre, were invited to participate. There
was no exclusion of participants based on ongoing
symptoms or laboratory abnormalities in order to
avoid selection bias. Participants were asked to com-
plete a three-day food record prior to their main
research visit. During that visit participants first self-
reported their GFD adherence on a 5 point Likert scale
ranging from ‘Highly Compliant’ to ‘T am not follow-
ing a GFD at this time’, had blood drawn for antibody
testing and underwent evaluation for GFD adherence
by an expert coeliac nutritionist (>5 years of experi-
ence working with >500 patients with CD). Of the 154
patients enrolled, two were excluded due to substantial
irregularities within their questionnaire responses and
three others due to insufficient sample volume for
serologic testing.

The nutritional evaluation was done in a standardized
fashion by analysis of 3-day food record [or by 24-h
food recall when a 3-day food record was not available
(20 cases)], a food ingredient quiz (see Appendix S1),
and a dynamic clinical interview by an expert nutrition-
ist. Global GFD adherence, taking into account avoid-
ance of cross-contamination, and quantity and
frequency of gluten exposure, was recorded on a
6-point Likert scale ranging from ‘Excellent adherence’
to ‘Not currently following a GFD’ (see Appendix S1).

Analysis of IgA anti-tTG and anti-DGP was per-
formed by enzyme linked immunosorbent assay
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(ELISA) with native tTG purified from human red
blood cells (INOVA Diagnostics, Quanta Lite human-
tTG IgA, San Diego, CA, USA; sensitivity 97%,
specificity 99% in untreated CD'?) and DGP (INOVA
Diagnostics, Quanta Lite IgA DGP; sensitivity 97%,
specificity 95%, Quanta Lite IgG DGP; sensitivity 969%,
specificity 99%, and QUANTA Lite IgA/IgG composite
DGP; sensitivity 97%, specificity 999%, as to recent test
series!®).

Data were entered into a secure database (Access,
Microsoft Office, Microsoft Corp. Redmond, WA, USA)
and reviewed for errors prior to analysis. Statistical
analysis was completed using SPSS for Windows, Rel.
13.0. 2004. Chicago. SPSS Inc (Chicago, IL, USA). Cor-
relations were examined using Student’s f-test, ANOVA,
and ROC analysis. For serologic tests, the analysis was
repeated after excluding participants who had been on
the GFD for less than 6 months and less than 1 year
to exclude the potential compounding effects of resid-
ual elevated antibody titres.

This study was approved by the Beth Israel Deacon-
ess Medical Center Committee on Clinical Investiga-
tions.

RESULTS

Demographic characteristics of the study population
were not significantly different from those of the over-
all CD population treated at BIDMC (Table 1).
Although females showed marginally greater adher-
ence to the GFD, as assessed by the expert nutritionist,
this difference did not reach statistically valid signifi-
cance (P = 0.06). Neither age at participation, age at
diagnosis of CD, length of time on GFD, marital status,
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educational achievement, or employment status corre-
lated with the level of GFD adherence.

Twenty-seven participants (17.5%) reported no classic
symptoms prior to diagnosis with CD and instead were
diagnosed with atypical symptoms or laboratory abnor-
malities alone (Table 2). The level of adherence was not
different between this group and the group diagnosed
due to typical CD symptoms, mean expert evaluation
score of 1.96 vs 1.91, respectively (P = 0.835). The pres-
ence of additional food intolerances was reported by
3800 of participants and was the only factor signifi-
cantly correlated with greater adherence (P = 0.028),
and being married was associated with a trend for better
adherence (P = 0.052, Table 3a and 3b). The majority of
participants were in clinical remission with 7%, 99%,
13% and 179% reporting frequent abdominal discomfort,
diarrhoea, loose stools and severe fatigue, respectively.

In general, adherence rates in the study population
were high with 44.200 and 34.4% being rated as
‘Excellent’ or ‘Good’ adherers to the GFD, respectively,
by the expert nutritionist. Self-reported adherence and
each of the serology measures were all highly associ-
ated with GFD adherence on ANoVA, yielding P < 0.001
(Table 4 and Figure 1). However, for the serum tests
much of this significance was dependent on the very
high antibody titres of those few patients (n = 7) who
were the least adherent, with no serology test distin-
guishing reliably between excellent, good and fair
adherence. This is evident from the ROC curves which
for all measures performed poorly with areas under
the curve of less than 0.7 for all data and less than 0.8
using the manufactures suggested cutoff value of 20
units when restricted to those on a GFD for more than
12 months. The performance of all serologic tests

Table 1. Characteristics of
study population

Overall coeliac

Study group population seen at

(n = 154) BIDMC (1 = 601) P
Mean age of diagnosis (years) 44.8 (1-89) 43.7 (1-90) 0.45
% Female 76.6% 71.7% 0.23
Ethnicity
White 152 598 0.58
Other 2 3
% Other autoimmune disorder* 30.5% (47) 27.1% (163) 0.42

BIDMC, Beth Israel Deaconess Medical Center.
* Predominantly thyroid disease > type 1 diabetes mellitus >> Raynaud’s phenomenon
> inflammatory bowel disease > sarcoidosis > psoriasis.
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Table 2. Categorization of symptoms preceding the diag-
nosis of coeliac disease (CD)

Classic symptoms*® Asymptomatic/non-classic

symptoms
Diarrhoea No symptoms
Abdominal pain Anaemia

Weight loss Laboratory abnormalities

Fatigue Osteopenia/osteoporosis
Dermatitis herpetiformis Constipation
Fatigue/lethargy Heartburn/GERD
Nausea/vomiting Myalgias
Bloating/gas Arthralgias

Alopecia

Headaches

Asthma

Infertility

GERD, gastro-oesophageal reflux disease.
* One or more needed to qualify for classic CD presentation.

Table 3a. Association of binary demographic factors with
gluten-free diet adherence

Percentage

with excellent

to good
Factor adherence P
Presence of other food intolerances  87.9% 0.028
Absence of other food intolerances  72.9%
Female gender 79.7% 0.551
Male gender 75.0%
Co-morbid autoimmune disorders 78.7% 0.976
No co-morbid autoimmune 78.5%

disorders
Co-morbid psychological disorders  69.2% 0.203
No co-morbid psychological 80.5%
disorders

Classic CD symptoms 79.2% 0.450
No classic CD symptoms 75.9%
Employed 81.5% 0.177
Not employed 71.7%
Married 83.5% 0.052
Not married 70.2%

CD, coeliac disease.

improved after excluding participants on a GFD for
less than 6 months or less than 12 months. There was
no change, however, in the predictive value of self-
report with time on the GFD as measured by the area
under the ROC curve (AOC). (Table 5 and Figure 2).
For a set sensitivity of 80%, a cutoff value of 17.0 for

IgA anti-DGP yielded a specificity of 58%, a cutoff
value of 10.4 for IgG anti-DGP yielded a specificity of
540, a cutoff value of 15.0 for combined IgA-IgG
anti-DGP yielded a specificity of 50%, and a cutoff
value of 18.5 for IgA anti-tTG yielded a specificity of
569%.

The use of serology alone for predicting poor adher-
ence with the cutoff value of 20 units suggested by
the manufactures yielded positive predictive values
(PPV) of 30.6%, 30.6%, 31.0% and 31.4% and negative
predictive values (NPV) of 83.2%, 81.7%, 80.5% and
82.1% for IgA tTG, IgA DGP, IgG DGP and IgA/IgG
DGP respectively for all participants. Including only
participants on the GFD for a minimum of 12 months
resulted in PPV of 53.8%, 50.0%, 42.8% and 55.6%
and NPV of 84.50%, 86.7%, 82.5% and 83.9% for IgA
tTG, IgA DGP, I1gG DGP and IgA/IgG DGP respectively,
again for the prediction of poor adherence. In compar-
ison, self-report using any response other than ‘Highly
Compliant’, as suggestive of poor compliance resulted
in a PPV of 42.99% and NPV 86.5% for all time points
and a PPV of 42.1% and NPV 84.8% for participants
on a GFD for at least 1 year. Using a composite mea-
sure of serology and self-report (serology titre >20 and
self-report other than ‘Highly Compliant’) resulted in
PPV of 60.0%, 64.3%, 60.0% and 45.4% and NPV of
87.6%, 88.00, 87.0% and 87.7% for IgA tTG, IgA
DGP, IgG DGP and IgA/IgG DGP, respectively, for all
data, and PPV of 80.0%, 80.0%, 100% and 85.7% and
NPV of 86.7%, 89.2%, 85.7% and 87.7% for IgA tTG,
IgA DGP, IgG DGP and IgA/IgG DGP, respectively, for
participants on a GFD for at least 1 year (see Table 6).

DISCUSSION

Adherence with the GFD has been measured in a num-
ber of ways. Patient self-report of believed level of
adherence (i.e., visual analogue scales, Likert scales),
dietary history, an evaluation conducted by a profes-
sional nutritionist well-versed in the intricacies of the
GFD, serologic screening tests, and small-bowel biopsy
have been used to measure individual levels of adher-
ence with the GFD. Accuracy, invasiveness, time, and
cost must be considered when choosing a measure of
GFD adherence.

Self-report is a problematic method for measuring
adherence to the GFD. Individuals tend to inaccurately
report their level of adherence, whether intentionally
or unintentionally. In our study, we found that self-
report performed similarly to serologic testing when

© 2007 The Authors, Aliment Pharmacol Ther 26, 1227-1235
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Table 3b. Association of Mean value for Mean value for
ordinal/continuous participants with participants with
demographic factors with excellent to good fair to poor
gluten-free diet (GFD) Factor adherence adherence P
adherence
Educational achievement* 6.6 6.3 0.488
Age 50.11 51.24 0.967
Age at CD diagnosis 44.82 44.70 0.721
Months on GFD 56.21 66.30 0.829

CD, coeliac disease.

* Reported on a scale of 1 to 10 where 1 equals completion of 8th grade or less and 10

is a doctorate.

Table 4. Spearman’s correlation of serologies and self-report to expert evaluation

>3 months on GFD,

>6 months on GFD,

>12 months on GFD,

n =151 n =128 n = 108
Test rho Significance rho Significance rho Significance
Self-report 0.403 <0.001 0.375 <0.001 0.346 <0.001
IgG anti-DGP 0.248 0.002 0.293 0.001 0.361 <0.001
IgA anti-DGP 0.193 0.017 0.280 0.001 0.342 <0.001
IgG-IgA anti-DGP 0.210 0.010 0.258 0.003 0.327 0.001
IgA anti-tTG 0.199 0.015 0.243 0.006 0.278 0.004

GFD, gluten-free diet; DGP, deamidated gliadin peptides; tTG, transglutaminase.

evaluating all patients on a GFD for more than
3 months. However, when including only individuals
who had been on the diet for more than 6 or
12 months, unlike with serologic testing, there was no
incremental improvement in performance of self-
report, suggesting that when evaluating individuals
who have been treated for longer periods of time, self-
report is marginally less reliable than serology at
determining adherence. Self-report measures do not
correlate closely with nutritionist evaluation, serologic
screening or small bowel biopsy results. Fera et al.'’”
found that inter-rater agreement between self-reported
GFD adherence and an objective adherence evaluation
resulted in worse than chance agreement (x = 0.328).
For example, 82 of the 100 patients in Fera’'s study
reported that they strictly complied with the GFD,
while direct inquiry by an expert in the GFD con-
firmed a strict GFD for only 49 of the 100 partici-
pants.

The reason for the poor performance of self-report
is not entirely clear. One possibility is that patients

© 2007 The Authors, Aliment Pharmacol Ther 26, 1227-1235
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understanding of the GFD is flawed leading to inaccu-
rate assessment of adherence. In this cohort, most but
not all patients included in this study receive primary
coeliac care at BIDMC and would have received uni-
form instruction on following the GFD. However,
many patients are seen only infrequently for follow-
up after the first year of diagnosis and there may be
some ‘drift’ in understanding of the GFD as individuals
forget details or procure information from other
sources. Interestingly, although score on a GFD facts
quiz correlated more poorly with expert evaluation of
adherence than self-report (Spearman’s Rho 0.328 and
0.403, respectively), degree of discrepancy between
expert evaluation and self-report was associated with
score on the GFD quiz (Spearman’s Rho 0.328,
P £0.001), suggesting that diet comprehension does
partially explain the discrepancy between expert
assessment and self-assessment.

While specific serologic assays, such as IgA or IgG
anti-gliadin antibody, IgA anti-endomysial antibody
(EMA), or IgA anti-human tTG antibody testing, have
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ANOVA tables for all participants
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Figure 1. ANovA tables for all participants. Horizontal reference
20 units for all serologic tests.
X axis is nutritionist evaluation rated as follows:

line placed at manufactures recommended cutoff value of

1—Excellent: Participant eats gluten less than 3 times per year (n = 68)

2—Good: Participant eats gluten 1 time per month (n = 53)
3—Fair: Participant eats gluten 2-3 times per month (n = 19)
4—Poor: Participant eats gluten 1-2 times per week (n = 7)

5—Very Poor: Participant eats gluten greater than 2 times per week (n = 5)

6—Participant does not follow the gluten-free diet (n = 2)
Self-Report Compliance rated as follows:

1—Highly compliant with the gluten-free diet
2—Moderately complaint with the gluten-free diet
3—Moderately non-compliant with the gluten-free diet
4—Highly non-compliant with the gluten-free diet

5—I am not following a gluten-free diet at this time.

a high diagnostic accuracy in detecting individuals
with untreated CD, their reliability as predictors of
adherence is not as robust. More specifically serologic
tests are often falsely negative in patients with incom-
plete adherence.'” In this study, for example, 53% of
subjects with fair to very poor adherence had an IgA
anti-tTG or IgA anti-DGP below the normal cutoff
value of 20 units, while IgG anti-DGP and IgA/IgG
anti-DGP performed even worse with 72% and 66% of
individuals with fair to very poor adherence having
serologies within the normal range. In terms of predic-
tive value of poor adherence, even the most accurate
serologic tests had only a 56% PPV and 87% NPV

after excluding those on a GFD for less than 1 year.
Combining self-report and serology improved the
PPVs significantly, while preserving acceptable NPVs.
However this strategy is limited by the fact that
between 7% and 10% of participants had both a sero-
logic titre greater than 20 and reported being other
than ‘highly compliant’. Further, the high NPV found
in this study would be expected to decrease in a more
heterogeneous population with lower overall compli-
ance.

The poor sensitivity of serology tests to incomplete
GFD adherence is partially due to the fact that differ-
ent antibodies disappear at different rates after starting

© 2007 The Authors, Aliment Pharmacol Ther 26, 1227-1235
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Table 5. ROC results

AOC > AOC > AOC >

3 months 6 months 12 months
Test n =150 n=127 n =107
Self-report 0.684 0.647 0.661
IgG anti-DGP 0.635 0.676 0.715
IgA anti-DGP 0.661 0.734 0.789
IgG-IgA anti-DGP 0.628 0.674 0.723
IgA anti-tTG 0.647 0.689 0.721

Cutoff level expert evaluation score less than or equal to 2
(excellent or good adherence) vs. 3 or greater (fair to non-
adherent).

DGP, deamidated gliadin peptides; tTG, transglutaminase.

the GFD. Anti-gliadin titres reportedly fall more rap-
idly than EMA or anti-tTG, and IgA titres often nor-
malize with 2-3 months, while IgG titres routinely
take longer than 6 months to reach normal levels.
Patients with very high antibody titres at diagnosis
will take longer to achieve a normal titre regardless of
their degree of adherence.'® Additionally, adapting to
CD and the GFD takes time and individuals often do
not reach a plateau of comprehension and adherence
for weeks to months after diagnosis. These facts are

All participants n= 150

1.0
/
0.8+ /
/
/0
A -
3 06_ - - VJ
2 '
@ . '_{_/ Source of the curve
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— - Self-report compliance
0.2 —— Reference line
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
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evidenced in this study by the improved performances
of serology testing in subjects who have been on a
GFD for longer than 12 months. Thus, for recently
diagnosed patients, the first 6 to 12 months can be
considered a ‘transition’ period, during which the trend
is more informative than the absolute antibody titre,
and assessment of adherence is best done after this
time period. To further complicate matters, disorders
including giardiasis,'® refractory CD,'" small intestinal
bacterial overgrowth,'' and autoimmune hepatitis*®
have been noted to cause persistent elevations in coe-
liac antibody titres potentially misleading clini-
Cians.ll, 21, 22

A nutritionist’s evaluation to pinpoint and quantify
the number and degree of transgressions from the GFD
has proven itself an excellent measure of GFD adher-
ence with acceptable cost, non-invasiveness and corre-
lation with histologic Changes.9 However, nutritionist
evaluation is time consuming, subject to inter-observer
variability and, in many locations, limited by a lack of
adequately trained personnel. For this reason, a reli-
able surrogate measure of GFD adherence has been
avidly sought.

In this study, we compared the predictive value of
four different serologic tests with high sensitivity and
specificity to detect CD, as well as simple self-report

Participants on gluten-free diet> 12 months n=107
1.0

0.8
>
= 0.6
2 _
=
2
3 Source of the curve
0.4- —— IgG Anti-DGP
- -~ IgA Anti-DGP
— IgA-IgG Anti-DGP

TG
— - Self-report compliance
—— Reference line

0.2

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Figure 2. ROC curves for all participants and for 212 months. Cutoff level expert evaluation score less than or equal to 2
(excellent or good adherence) vs. 3 or greater (fair to non-adherent).
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Table 6. Positive (PPV) and negative predictive values (NPV) for fair to poor gluten-free diet (GFD) adherence

Test PPV NPV PPV GFD > 12 months NPV GFD = 12 months
IgA anti-tTG > 20 (n = 49) 30.6% 83.2% 53.8% 84.5%
IgA DGP > 20 (n = 46) 30.6% 81.7% 50.0% 86.7%
IgG DGP > 20 (n = 29) 31.0% 80.5% 42.8% 82.500
IgA-IgG DGP > 20 (n = 35) 31.4% 82.1% 55.6% 83.9%
Self-report # highly adherent (n = 28) 42,.9% 86.5% 42.1% 84.8%
Self-report # highly adherent + IgA 60.0% 87.6% 80.0% 86.7%

anti-tTG > 20 (n = 15)

DGP, deamidated gliadin peptides; tTG, transglutaminase.

against standardized nutritionist evaluation of GFD
adherence. Our hope was that the new generation of
deamidated anti-gliadin tests would combine the
responsiveness of anti-gliadin testing with the superb
sensitivity and specificity of anti-tTG and EMA testing
allowing for accurate serologic monitoring of GFD
adherence. Unfortunately, our study does not indicate
that this is the case. IgA anti-DGP did perform mar-
ginally better than anti-tTG in predicting GFD adher-
ence. However, no test provided an accurate measure
of the degree of GFD adherence due to their inability
to accurately report less frequent or minor transgres-
sions.

Although the anti-tTG data from this study are in
line with prior studies of its use in estimating GFD
adherence, some limitations are notable. First, adher-
ence was not compared with concurrent histological
evaluation, although, as noted above, it is doubtful
that biopsy is superior to expert nutritionist evaluation
in assessing GFD adherence. Prior studies show only a
modest correlation of histology with clinical presenta-
tion or assessed dietary adherence.” ** This is not sur-
prising as the degree and extent of histological
abnormality at the time of CD diagnosis varies widely
despite the fact that most patients consume a gluten-
rich diet prior to diagnosis. Furthermore, histologic
recovery is variable, does not always correlate with
clinical status and, in refractory CD, does not correlate
with GFD adherence. Thus, we determined that a stan-
dardized assessment by an expert nutritionist was the
best available standard of GFD adherence, whereas
biopsy histology is the gold standard measure of CD
activity.

Our study size was large in comparison to previ-
ous studies. However, the data were collected from
participants in a limited geographic region. Also, as

is clear from the distribution of adherence levels, the
studied population was weighted toward more adher-
ent individuals, and the findings may not apply
equally to patients with lesser levels of adherence as
may be evident in a primary or secondary care
setting.

In conclusion, options for the standardized evalua-
tion of GFD adherence in adults with CD, other than by
expert nutritionist assessment, remain unsatisfactory.
The inability to easily and accurately gauge GFD
adherence is a glaring problem that adversely affects
both clinical care and research endeavours. This prob-
lem will need to be addressed, in order to answer
important questions including the utility of CD diagno-
sis in asymptomatic and pauci-symptomatic individu-
als, and the utility of pharmacologic therapies for CD.
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