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ABSTRACT
Objectives: Concurrent type 1 diabetes (T1D) and celiac disease (CeD) pose challenges in insulin dosage 
adjustments and gluten-free dietary adherence. Urine testing for gluten immunogenic peptides (GIP) is 
a new method to detect gluten exposure within the last 3–12 h. Our aims were to compare gluten-free 
dietary adherence between T1D + CeD and CeD individuals and evaluate urinary GIP testing in an 
outpatient setting.
Materials and methods:  This observational cross-sectional study included three adult groups: (1) T1D 
and CeD, (2) CeD only, and (3) T1D only. T1D participants were recruited from outpatient clinics, the CeD 
group via social media. One urine sample (12 pm–7 pm) was analyzed using a qualitative immunographic 
GIP test. CeD participants completed ‘Celiac Dietary Adherence Test’ (CDAT) and ‘Celiac Symptom Index’ 
(CSI) questionnaires. IgA anti-transglutaminase 2 (IgA-TG2) and IgG anti-deamidated gliadin (IgG-DGP) 
serology were also analyzed.
Results:  197 participants, mean (SD) age 43 (15) years, were included. Female percentages were: CeD: 
90%, T1D + CeD: 64%, and T1D: 47%. Positive urinary GIP was found in 15% (14/96) of T1D + CeD and 
0% (0/50) of CeD (p = 0.002). As expected, most T1D only participants had positive urinary GIP (86%, 
44/51). CDAT and CSI scores did not differ between T1D + CeD and CeD groups. Positive IgA-TG2 and/or 
IgG-DGP levels were found in 12% of T1D + CeD and 6% of CeD participants (p = 0.38).
Conclusions:  A single GIP urine test revealed higher gluten exposure in T1D + CeD versus CeD only, 
questioning dietary adherence in this population. Urinary GIP tests can be useful for clinical follow-up.
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Abbreviations: T1D: (type 1 diabetes); CeD: (celiac disease); GIP: (gluten immunogenic peptides); CDAT: 
(Celiac Dietary Adherence Test); CSI: (Celiac Symptom Index); IgA-TG2: (IgA anti-transglutaminase 2); 
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Introduction

Patients with type 1 diabetes (T1D) have an increased risk of 
celiac disease (CeD), with a CeD prevalence of 4–10% com-
pared to 1–2% in the general population [1–4]. Treatment 
requires discipline to adjust insulin dosages correctly and 
adhere to a gluten-free diet. Gluten-free products often have a 
high glycemic index, which can make it harder to avoid post-
prandial hyperglycemia [5]. Thus, adhering strictly to a 
gluten-free diet can be particularly difficult for individuals with 
T1D. Some patients with T1D do not have CeD symptoms at 
the time of CeD diagnosis but are identified by screening tests 
[6]. The lack of symptoms following gluten consumption 
increases the likelihood of accidental gluten consumption and 
may decrease the motivation to adopt a lifelong gluten-free diet.

Untreated CeD is associated with osteoporosis, malnutri-
tion, increased risk of malignant diseases and increased over-
all mortality [7]. Patients with T1D also have decreased bone 
health [8], as well as increased morbidity and mortality, espe-
cially due to cardiovascular diseases [9]. An additional risk in 
individuals diagnosed with both T1D and CeD was shown in 
a Swedish national register study where they found a 2.8-fold 
higher mortality rate in individuals with T1D + CeD, with CeD 
for at least 15 years, compared to T1D only [10]. Furthermore, 
studies have shown an elevated risk of vascular complica-
tions in individuals with both CeD and T1D [11]. This calls for 
proper follow-up of patients with T1D + CeD.

So far the only treatment of CeD is a lifelong gluten-free diet 
[2]. Clinical follow-up is centered towards assessment of adher-
ence to a gluten-free diet. Methods to assess adherence include 
structured follow-up by a dietitian, standardized questionnaires, 
IgA transglutaminase 2 (IgA-TG2) and IgG deamidated gliadin 
(IgG-DGP) serology or duodenal biopsy [12]. Duodenal biopsy is 
commonly considered to be the gold standard to assess adher-
ence and mucosal healing [13]. Observational studies have 
shown beneficial effects of follow-up biopsies, and guidelines 
recommend shared decision-making between the patient and 
the physician on performing them [14]. However, endoscopy 
with biopsies is an invasive and resource-demanding procedure 
that patients often wish to avoid [12]. IgA-TG2 and IgG-DGP are 
serology tests primarily used for diagnostics. Levels are typically 
reduced within a year after the initiation of a gluten-free diet 
[2,15]. Persistent positive serology levels have high specificity for 
intestinal mucosal damage caused by non-adherence, but is 
hampered by low sensitivity [16].

Measurement of gluten immunogenic peptides (GIP) in urine 
or feces has been developed as an objective marker to assess 
adherence to a gluten-free diet [17]. This method detects gluten 
peptides from ingested gluten directly in urine during the time-
frame of 3–12 h post digestion [18], with inter-individual variabil-
ity ranging from 2–49 h post digestion [19]. Fecal GIP tests can 
detect ingested gluten 2–4 days after consumption, with posi-
tive test results possible up to 7 days post digestion [19,20]. The 
minimum gluten intake required to detect GIP varies among 
studies. However, generally, a gluten intake of at least 25 mg 
may result in a positive urinary GIP test, while a minimum of 
50 mg is needed for a positive fecal test [21,22].

The aim of this cross-sectional study was to assess adher-
ence to a gluten-free diet in individuals with both CeD and 

T1D, compared to a group with CeD only. We also aimed to 
study the utility of the GIP urine test for CeD patients with 
concurrent T1D in an outpatient setting. Furthermore, we 
included a study group of individuals with T1D without CeD 
in order to assess the feasibility of the GIP urine test in clin-
ical practice, and to confirm predominantly positive test 
results in this population.

Materials and methods

Study design and participants

The present study is observational, with a cross-sectional 
design. It was conducted from October 2021 through January 
2023 at the following study sites located in the greater Oslo 
area in Norway: Akershus University Hospital (AUH), Oslo 
University Hospital (OUH) and the Norwegian Diabetes 
Center (NDC).

Participants were recruited into three study groups:

1. Type 1 diabetes and celiac disease (T1D + CeD)
2. Celiac disease only (CeD)
3. Type 1 diabetes only (T1D)

T1D + CeD participants were recruited from three diabetes 
outpatient clinics. In the CeD group, certain participants were 
recruited from the outpatient clinic at the Department of 
Gastroenterology, OUH. In line with guidelines, we do not 
offer long-term follow-up of CeD at secondary care level, but 
expect this do be done in general practice [2]. Therefore, we 
also used social media (Facebook) for recruitment of long-term 
treated CeD patients. Moreover, participation in the study 
was open for all eligible patients and communicated on the 
hospital’s web-page [23]. CeD diagnosis followed established 
guidelines with national modifications [2]. The T1D group 
was recruited from the diabetes outpatient clinic at AUH con-
currently with their regular appointments at secondary care 
health service. All participants were 18 years or older, fluent 
in Norwegian, and CeD participants had been diagnosed 
with CeD for at least 12 months. Inclusion criteria did not 
require participants to confirm strict adherence to a 
gluten-free diet, as we aimed to study total compliance in 
the groups, including both intended and non-intended glu-
ten intake. Exclusion criteria included ongoing urinary tract 
infection and use of gluten digestive enzymes.

Measurements

The urine samples were analysed for GIP using iVyCHECK GIP 
Urine test (product reference KT-6411) from Biomedal. This is 
a qualitative test based on a lateral flow immunochromato-
graphic assay method, designed to detect the presence of 
GIP in urine, using the anti-gliadin 33-mer G12 antibody [22]. 
The test is capable of detecting the intake of 2 g of gluten, 
but it may also yield positive results after consuming 50 mg 
of gluten in some individuals [18]. These quantities of gluten, 
when consumed regularly, may lead to intestinal changes 
[24]. Validation performed by the manufacturer states 98% 
repeatability and 98% reproducibility. A single GIP urine test 
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was analysed per participant, carefully following the manu-
facturer’s instructions. Urine samples were taken between 
12 pm and 7 pm. For study visits before 12 pm participants 
were asked to bring a urine sample taken during the same 
timeframe the day before, stored in a refrigerator.

Blood samples were analysed as routine samples at the 
respective hospital laboratories. The analyses included the 
measurements of IgA-TG2, IgG-DGP, and HbA1c levels. In 
addition, LDL cholesterol and creatinine levels were mea-
sured in patients with T1D. The laboratories use different 
instruments for analyses of IgA-TG2 and IgG-DGP. AUH uses 
Phadia 2500 E (Thermo Fisher Scientific) with a coefficient of 
variation (CV) of 13.1% for IgA-TG2 and 15.7% for IgG-DGP. 
Fürst laboratory (used by NDC) uses Phadia 5000 E (Thermo 
Fisher Scientific) with a CV of 9.7% for IgA-TG2 and 13.5% for 
IgG-DGP. OUH uses the instrument Freedom EVOlyzer 150/8 
(Tecan) with a CV of 8.2% for IgA-TG2 and 8.0% for IgG-DGP. 
AUH and Fürst have the same reference levels, valid for both 
IgA-TG2 and IgG-DGP: <7 U/mL is considered negative, levels 
between 7 and 10 U/mL are indeterminate, and levels >10 U/
mL are positive. Test results from AUH and Fürst were dichot-
omized using the cut-off >10 U/mL for positive tests. In OUH 
the reference level for IgA-TG2 is <4 U/mL, and the reference 
level for IgG-DGP is <20 Units.

Participants in the T1D + CeD and the CeD groups com-
pleted the Norwegian versions of two standardized ques-
tionnaires: Celiac Dietary Adherence Test (CDAT) and Celiac 
Symptom Index (CSI) [25–28]. CDAT evaluates adherence to 
a gluten-free diet using seven Likert-scale questions that 
assess behaviours associated with non-adherence. Scores 
range from seven to 35, with lower scores indicating better 
adherence. Scores <13 indicates excellent or very good 
adherence, while scores >17 indicates fair to poor adher-
ence. Scores between 13 and 17 are considered intermedi-
ate [28]. In most studies, a cut-off of <13 is used to 
distinguish between good and inadequate adherence [12]. 
CSI assesses CeD-specific health with 16 Likert-scale ques-
tions. Total scores range from 16 to 80, with lower scores 
indicating better quality of life. Scores ≤30 are associated 
with high quality of life, while scores >44 indicate relatively 
poor quality of life. Scores between 31 and 44 are consid-
ered intermediate [25].

Study visit protocol

Each participant attended a single study visit, providing a 
urine sample and measures of blood pressure, height, and 
weight. Blood samples were taken for hemoglobin A1c 
(HbA1c), IgA-TG2 and IgG-DGP, if not already taken within 
three months before or after the study visit. Clinical data 
were registered from electronic systematic patient records. 
Participants in the CeD group and in the T1D + CeD group 
completed a web-based questionnaire including CDAT and 
CSI. The questionnaire was completed before receiving the 
urine test results. The primary invitation letter did not dis-
close the specific substance being tested in the urine sample 
nor the purpose of assessment of the patient’s compliance. 
However, during study visits participants received detailed 
information clarifying that the test was aimed at detecting 

gluten intake, prior to signing a consent form. None of the 
participants declined enrollment after receiving this informa-
tion. Participants with positive GIP urine tests were offered a 
dietetic consultation.

Outcome variables

The primary outcome variable was the urinary GIP results. 
Secondary outcomes included the CDAT and CSI question-
naire scores, in addition to the serology results for IgA-TG2 
and IgG-DGP.

Sample size estimation

Estimation of sample size was conducted prior to inclusion 
for these two study groups: (1) T1D + CeD and (2) CeD only. 
To our knowledge, no data had been published on the pro-
portion of positive GIP tests in a population with both CeD 
and T1D [17]. Assuming 10% positive GIP tests in the 
T1D + CeD group versus 1% in the CeD only group (power 
0.8, p < 0.05), a total of 80 participants would be needed in 
each group to identify a potential difference between the 
groups. The assumption of a low proportion of positive uri-
nary GIP tests in the CeD group was based on the absence 
of positive tests in a recent study in Norway [27]. We also 
expected better dietary compliance than in previous studies 
on complicated patients referred to tertiary centers [22]. To 
account for dropouts in data collection, the aim was to 
include 90 participants in each group. We did not calculate 
the sample size for the T1D group, as the results from this 
group were not intended to factor into the calculation of the 
primary outcome.

Statistics

The data are presented as mean (standard deviation, SD), 
median (interquartile ranges, IQR) or number (%). Categorical 
data were tested by Fisher exact test or Chi square test 
according to expected values in cells. Distribution of contin-
uous data was assessed by descriptive statistics. Independent 
samples t-test or one-way ANOVA test was used for continu-
ous variables with parametric distribution, whereas Mann 
Whitney U test or Kruskal Wallis test was used for 
non-parametric continuous data. Significance level was set at 
p < 0.05.

Missing data were assumed randomly distributed and 
excluded from the analyses. To account for different reference 
values for IgG-TG2 and IgA-DGP, we categorized the sample 
values into a binary variable, classifying them as elevated or 
non-elevated levels for either one or both antibodies.

Statistical analyses were conducted in Stata 17 (StataCorp 
LLC, Texas, United States).

Ethics

The study was approved by the Regional Committee for 
Medical and Health Research Ethics, REK no 213486. Study 
participants provided signed informed consents.
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Results

Details of the recruitment process are illustrated in the flow-
chart, Figure 1 (supplemental material 1). A total of 96 partic-
ipants were recruited for the T1D + CeD group, 50 participants 
for the CeD group, and 51 participants for the T1D group.

Participant characteristics are presented in Table 1.
Mean age (SD) was 43 (15) years. In the CeD group, 90% 

of the participants were female, compared to 47% in the T1D 
group and 64% in the T1D + CeD group (p < 0.001). The pro-
portion of participants with a CeD duration of more than 
10 years was higher in the T1D + CeD group compared to the 
CeD group (63% vs 22%, p = 0.03). Furthermore, the T1D + CeD 
group had more participants without symptoms after 

self-reported gluten exposure compared to the CeD group 
(20% vs 4%, p = 0.01), and a larger proportion had no symp-
toms at the time of CeD diagnosis compared to the CeD 
group (27% vs 6%, p = 0.001). Serum levels of IgA-TG2 and 
IgG-DGP were measured in 95% of the participants in the 
T1D + CeD group and in 98% of the participants in the CeD 
group. Twelve% of the T1D + CeD group had one or both 
serology tests above the upper limit of normal compared to 
6% in the CeD group (p = 0.38) (Table 1).

In the T1D + CeD group 14/96 (14.6%) participants had a 
positive GIP urine test, while none in the CeD group tested 
positive (p = 0.002), Figure 2. In the T1D group, seven out of 51 
participants (13.7%) had a negative GIP test despite expected 

Figure 1. flowchart of study participants.
ced: celiac disease, t1d: type 1 diabetes.
* incorrect registration or not followed up at the outpatient clinic.
** urine not delivered, or urine incorrectly collected as morning urine.

Table 1. Participant characteristics.

celiac disease 
(n = 50)

type 1 diabetes 
(n = 51)

type 1 diabetes and 
celiac disease (n = 96)

p-value all 
groups

p-value 
t1d + ced vs 

ced
p-value t1d + ced 

vs t1d

female 45 [90] 24 [47] 61 [64] <.001 0.001 0.05
age (y) 41.6 (12.8) 45.6 (16.5) 42.7 (15.7) 0.39 0.66 0.30
BMi (kg/m2) 26.0 (4.9) 26.6 (4.8) 25.8 (4.5) 0.56 0.76 0.28
ced duration > 10 y 22 [44] 60 [63] 0.03
Symptoms at ced diagnosis 0.001
 yes 46 [92] 59 [63]
 uncertain 1 [2] 9 [10]
Symptoms after gluten exposure 48 [96] 77 [80] 0.01
t1d duration, y 16.1 (13.2) 23.8 (14.7) 0.002
SBP, mmHg 117 (12) 133 (18) 126 (15) <.001 <.001 0.02
dBP, mmHg 73 (8) 82 (9) 76 (10) <.001 0.13 <.001
Hba1c (mmol/mol) 33 (31–35) 64 (52–72) 56 (49–63) <.001 <.001 0.03
ced serology > uln 3 [6] 0 [0] 11 [12] 0.38
ldl cholesterol (mmol/l) 2.8 (0.9) 2.6 (0.7) 0.09
eGfr (ml/min/1.73 m2) 94.5 (80–108) 103 (86–114) 0.31

data presented as mean (Sd), median (iQr) or number (n) [%].
Abbreviations: ced: celiac disease, t1d: type 1 diabetes, y: years, BMi: body mass index, SBP: systolic blood pressure, dBP: diastolic blood pressure, uln: upper 
limit of normal, Sd: standard deviation, iQr: interquartile range.

https://doi.org/10.1080/00365521.2024.2442688
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positive tests due to regular gluten consumption (Figure 2). 
Out of the 14 T1D + CeD participants who tested positive for 
GIP, five were already aware of their gluten consumption. The 
source of gluten intake was identified for six additional 
patients during the study visit, or after a consultation with a 
dietician. In the T1D group, two of the seven participants with 
negative GIP urine test had not eaten since the day before, 
and one participant followed a low-carbohydrate diet with no 
known gluten intake within the 24 h prior to the test.

Within the T1D + CeD group, 13 out of the 14 participants 
who tested positive for urinary GIP had available serology 
results. Of these, 38% (five participants) tested positive for 
IgA-TG2 and/or IgG-DGP. Among the 82 T1D + CeD partici-
pants with negative urinary GIP, 78 had available serology 

results. Fewer of these, 8% (six participants), tested positive 
for IgA-TG2 and/or IgG-DGP, which was significantly lower 
than in GIP positive participants (p = 0.002).

Median CDAT total score (IQR) in the T1D + CeD group was 
14 (11–16) points, and 12 (11–14) points in the CeD group 
(p = 0.07) (Figure 3A). In the T1D + CeD group, 41% scored <13 
points indicating good or excellent adherence to a gluten 
free diet. In comparison, 58% of the CeD group scored <13 
points (p = 0.05). Although these differences did not reach 
statistical significance, we observed a trend towards better 
compliance in the CeD group.

Mean CSI total score (SD) was 30.5 (0.9) points in the 
T1D + CeD group and 32.6 (1.4) points in the CeD group, 
(p = 0.19) (Figure 3B). In the T1D + CeD group 56% had CSI 

Figure 2. GiP results.
Proportions of positive and negative urinary gluten immunogenic peptide results in participants with type 1 diabetes and celiac disease (n = 96) versus celiac disease only (n = 50). 
results for participants with type 1 diabetes only (n = 51) are shown, but not compared in analysis, because of expected positive results.
ced: celiac disease, t1d: type 1 diabetes.

Figure 3. cdat and cSi results.
Box plots showing the distributions of (a) celiac dietary adherence test (cdat) total scores and (B) celiac Symptom index (cSi) total scores in participants with type 1 diabetes and 
celiac disease (n = 95) versus celiac disease only (n = 50). total score range for cdat: 7–35 points, for cSi: 16–80 points.



SCANDINAVIAN JOURNAL OF GASTROENTEROLOGy 33

total scores of ≤30 p, indicating a high quality of life, com-
pared to 46% in the CeD group (p = 0.26).

Participants with positive GIP results had no significant dif-
ferences in CSI (cutoff ≤ vs >30 p) or CDAT scores (cutoff < vs 
≥13 p) when compared to participants with negative GIP 
results within the T1D + CeD group (supplemental material 2). 
Nine out of 14 individuals with elevated serology levels (in 
the CeD group and T1D group combined) had CDAT scores ≤ 
17 (intermediate to good adherence), and four of them even 
had CDAT scores < 13 (excellent or very good adherence).

HbA1c in the T1D + CeD group did not differ between par-
ticipants with positive GIP urine test versus participants with 
negative GIP urine test (p = 0.69). In the T1D + CeD group, the 
median HbA1c was 56 mmol/mol (IQR 49–63), which was 
lower than the median HbA1c of 64 mmol/mol (IQR 52–72) in 
the T1D group (p = 0.03).

Supplemental material 3 provides details on the numbers 
of missing values.

Discussion

This cross-sectional study reveals that non-compliance to a 
gluten-free diet is disturbingly frequent among patients with 
both T1D and CeD. We observed a 15% rate of positive uri-
nary GIP tests in the T1D + CeD group, compared to none in 
the CeD group. Our study represents the first evaluation of 
urinary GIP testing in patients with a dual diagnosis. In the 
T1D group (with no imperative for a gluten-free diet) GIP 
positive results occurred in 86% of participants. There were 
no significant differences found between the CeD group and 
the T1D + CeD group in terms of CSI scores, CDAT scores, or 
serology for IgA-TG2 and IgG-DGP. However, within the 
T1D + CeD group a higher proportion of GIP positive partici-
pants had positive IgA-TG2 and/or IgG-DGP compared to GIP 
negative participants. This finding is highly relevant, as posi-
tive serology levels correlate with mucosal damage [2,16]. 
IgA-TG2 and IgG-DGP serology have low sensitivity in detect-
ing episodes of dietary transgressions but may instead 
become elevated after repeated gluten intake over weeks, 
and have high specificity for gluten intake in CeD patients 
[2]. On the other hand, a single urinary GIP test is only capa-
ble of detecting recent gluten intake.

The urinary GIP positivity rate of 15% in the T1D + CeD 
group is considered both high and clinically relevant, as it 
represents a conservative estimate of individuals who habitu-
ally or occasionally consume gluten. In the same group, the 
occurrence of positive IgA-TG2 and/or IgG-DGP was found to 
be 12%. Given the serology’s limited sensitivity to detect glu-
ten exposure in patients with CeD, the serology results sug-
gest a substantial proportion of individuals in the T1D + CeD 
group with poor adherence to a gluten-free diet, consistent 
with the GIP urine results.

The higher incidence of GIP positive tests in the double 
diagnosed group was in line with our assumptions. The lim-
ited timeframe for gluten detection in urine means only a 
certain proportion of individuals with habitual or occasional 
gluten intake would test positive in a random sample.

Results from the CDAT questionnaire, a subjective method 
for assessing dietary adherence, showed no significant 

difference between GIP positive and GIP negative partici-
pants. Interestingly, a lack of correlation between CDAT scores 
and urinary GIP results was recently observed in a small 
study of pediatric patients [29]. In our study, elevated IgA-TG2/
IgG-DGP levels were found in a notable proportion of individ-
uals whose CDAT scores indicated adequate adherence. These 
findings suggests that objective assessment methods, such as 
serology and urinary GIP tests, may provide valuable supple-
mentary information beyond self-reported dietary compli-
ance. Although differences were observed in serology and 
CDAT results between the T1D + CeD and CeD groups, these 
differences were not statistically significant, possibly due to a 
low statistical power. Individuals with positive serology and 
those showing non-adherence based on CDAT scores were 
present in both GIP positive and GIP negative individuals. 
This emphasizes that using multiple assessment methods to 
monitor adherence to a gluten-free diet can yield comple-
mentary information. Regarding the urinary GIP test, evidence 
indicates that the results when performing multiple tests per 
person correlates with mucosal damage [17].

Interestingly, HbA1c differed between the T1D + CeD group 
and the T1D group, with higher HbA1c in the latter (Table 1). 
This aligns with the findings in a study on patients with T1D 
aged 16–25 years [30]. However, the available evidence on the 
influence of CeD on HbA1c levels for T1D patients remains 
inconsistent [3,11]. Variability in study findings may result from 
differences in adherence to a gluten-free diet and varying 
choices of gluten-free foods among participants. Non-adherence 
may impact HbA1c levels via malabsorbtion-related hypoglyce-
mia and subsequent glucose fluctuations. Additionally, the 
immunological process causing mucosal damage might further 
influence glucose levels. Gluten-free foods range from processed 
items high in carbohydrates, including wheat starch, to naturally 
gluten-free, low-carb options, and individual food choices affect 
glucose levels [5]. These factors highlight the complexity in 
assessing HbA1c levels across studies without evaluating the 
gluten-free diet content and compliance.

Rates of positive GIP urine tests vary across studies, prob-
ably influenced by sampling strategy. It can also be expected 
that disclosing that urine is used for detecting gluten expo-
sure may lead to a more strict adherence by the patients. 
Most studies include multiple urine tests per participant, 
reporting rates of participants with at least one positive sam-
ple, ranging from 25% to 89% [17,22]. The overall positive 
test rates for all urine tests in these studies, across different 
individuals, range from 6% to 42%. However, Lombardo et  al. 
[31] used a single urine test, reporting an 11% positivity rate 
among adult CeD participants. As in our study, participants 
were unaware of the purpose of the urine test, which reduced 
pleasing bias and contributed to more reliable results. The 
variability in morning urine testing is another important con-
sideration, as several studies do not specify the sampling 
timeframe [22]. Morning urine testing may not detect gluten 
consumed the previous day [27]. Therefore, in our study, we 
used 12 pm–7 pm sampling. Variation in recruitment strate-
gies, such as recruiting from specialized clinics or through 
patient organizations, may introduce selection bias. The dif-
fering recruitment strategies used in our study may have 
influenced the observed results in the CeD group.
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Studies assessing adherence to a gluten-free diet in individ-
uals with T1D + CeD are limited but support our finding of 
increased gluten exposure in this group. Söderström et  al. [32] 
observed dietary adherence in children with T1D + CeD using 
IgA-TG2 results measured more than two years after CeD diag-
nosis. They found as much as 32% of the participants with at 
least one positive serology level. In a web-based survey by 
Kivelä et  al. [33] adult T1D + CeD participants showed poorer 
dietary adherence compared to participants without T1D.

Our findings suggest lower adherence to a gluten-free 
diet in the T1D + CeD group compared to the CeD group. 
More participants with T1D + CeD lacked symptoms after glu-
ten intake, which may impact compliance. Gluten-free prod-
ucts low in fibre and high in carbohydrates can pose a 
challenge in determining rapid-acting insulin dosages, which 
may reduce motivation to maintain a gluten-free diet [5]. 
Furthermore, the increased cost of of gluten-free products, 
combined with the additional expenses related to T1D, may 
present economic barriers to dietary adherence [34].

We recommend increased follow-up for patients with both 
T1D and CeD to ensure adherence to a gluten-free diet. GIP 
urine tests in such follow-up could be beneficial. Repeated 
urinary tests can be employed either on a regular basis or in 
a targeted manner to assess adherence when compliance is 
suspected to be low [18,22]. The implementation of GIP urine 
tests should be relatively simple, as T1D patients are accus-
tomed to providing urine samples, and the GIP urine tests 
are easily and quickly analysed. Urinary GIP tests could also 
be helpful in self-monitoring to assess whether gastrointesti-
nal symptoms are caused by gluten intake or diabetes related 
conditions, like ketoacidosis or gastroparesis. Healthcare pro-
fessionals responsible for the follow-up of T1D patients 
should be aware of the unique challenges posed by a dual 
diagnosis and take these into account when discussing treat-
ment plans and dietary choices.

Future studies should try to answer whether urinary and/
or fecal GIP testing, along with follow-up after GIP positivity, 
may improve adherence to a gluten-free diet.

Strengths in this study include the use of real-life data, a 
purposely set timeframe for urine tests, and the fact that par-
ticipants were unaware of the purpose of the urine test until 
attendance. To our knowledge this is the first study on GIP 
tests in double diagnosed individuals with T1D + CeD.

Limitations in this study include the lack of mucosal heal-
ing status assessment through endoscopy with biopsies and 
structured dietitian evaluations. Both could have provided 
comprehensive information on gluten-free dietary compli-
ance. Other limitations include potential selection bias due to 
varying recruitment strategies and the absence of multiple 
GIP urine tests per participant. Conducting multiple urinary 
GIP tests per participant would likely result in a higher pro-
portion of participants with at least one positive result 
[19,35–37]. This approach could distinguish individuals with 
repeated positive tests from those with mostly negative 
results, identifying those in greatest need of compliance sup-
port. However, the advantage of using a single urinary GIP 
test in the study is that multiple tests might influence dietary 
behavior once individuals are informed about the testing. 
Choosing urinary GIP tests instead of fecal GIP tests could be 

considered a limitation. Fecal GIP tests can detect gluten 
intake from several days prior, providing more comprehen-
sive information. In contrast, urinary GIP tests cover a shorter 
timeframe but are significantly easier for patients to collect. 
This ease of use likely facilitates broader recruitment and 
may reduce dropout rates among patients who struggle with 
compliance. A single positive urinary GIP result may indicate 
incidental gluten contamination of food in a CeD patient 
with high dietary compliance [19]. However, in our study, 
such instances were identified during subsequent dietetic 
consultations. Our experience suggests that a positive urinary 
GIP test serves as a starting point for evaluating the diet and 
addressing any misunderstandings or the need for further 
education on a gluten-free diet.

Conclusions

Urinary GIP tests showed that a high proportion of patients 
with T1D + CeD was exposed to gluten, while no gluten expo-
sure was discovered for CeD patients. These results highlight 
the importance of improved CeD follow-up in patients with 
concurrent T1D. Repeated urinary GIP tests would be useful 
in such follow-up to effectively detect gluten intake.
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