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A B S T R A C T

Aims: To investigate whether in type 1 diabetes (T1DM) patients the concomitance of long-

lasting celiac disease (CD) treated with a gluten free diet (GFD) impacts glycaemic control

and the prevalence/severity of microvascular complications.

Methods: A case-control, observational study was performed in 34 patients with T1DM and

GFD-treated CD and 66 patients with T1DM alone matched for age, gender, and T1DM dura-

tion. Anthropometric parameters, glucose control (HbA1c), status of chronic complications

and concomitant autoimmune diseases were evaluated.

Results: HbA1c level was similar in T1DM + CD and T1DM alone (7.8 ± 1.0 vs 7.7 ± 1.1%, P =

0.57); insulin requirement was significantly higher in T1DM + CD compared with T1DM (P =

0.04). There were no differences in systolic blood pressure while diastolic blood pressure

was significantly lower in T1DM + CD (P = 0.003). The prevalence/severity of microvascular

complications was similar between the two groups. Glomerular filtration rate (eGFR) was

significantly lower in T1DM + CD (100 ± 20 vs 110 ± 16 ml/min/1.73 m2, P = 0.007).

Conclusions: In patients with T1DM, the co-occurrence of long-term GFD-treated CD neither

worsens glycemic control nor negatively impacts chronic microvascular complications.

However, patients with T1DM + CD have lower eGFR values than those with T1DM alone.
� 2018 Elsevier B.V. All rights reserved.
1. Introduction

Type 1 diabetes mellitus (T1DM) is associated with an

increased risk of developing other autoimmune conditions

due to a common genetic background [1]. Among these, celiac

disease (CD) is one of the most frequently associated autoim-

mune disorder, with a prevalence ranging from 1.9 to 7.9%

depending on the populations and differences in screening
practices [2–7]. The question whether the coexistence of CD

may worsen glycemic control and the course of chronic com-

plications in patients with T1DM is still controversial. Two

previous studies highlighted higher HbA1c levels and more

frequent hypoglycemic episodes in T1DM patients at diagno-

sis of CD as compared with patients with T1DM alone [8,9].

Conversely, other studies failed to find a difference in the

metabolic control in T1DM + CD patients compared with
les, Italy.
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those without CD [10,11]. One study reported a better glyce-

mic control in patients with T1DM + CD, which was likely

due to a higher rate of patients using continuous subcuta-

neous insulin infusion system [12].

With regard to microvascular complications among

patients with both T1DM and CD, the data available are also

conflicting, with some studies reporting increased rate of

complications [9,13,14] and others showing no difference or

even a lower incidence of complications [10,12,15,16]. How-

ever, not all studies took into consideration the degree of gly-

cemic control.

One additional factor possibly confounding the interpreta-

tion of the literature on the burden of coexisting T1DM and

CD is the adherence to the gluten-free diet (GFD). It is widely

recognized that poor or non-adherence to GFD can cause

nutrient and carbohydrates malabsorption making glucose

control quite unstable. Moreover, untreated CD is associated

with a chronic, low-grade inflammation, which could itself

exert unfavourable effects on microcirculation, increasing

the complications risk [17,18]. In support of this hypothesis,

Pham-Short et al. showed that T1DM + CD patients non-

adherent to a GFD had a higher albumin excretion rate than

those following a GFD, suggesting that the GFD may have a

protective effect on diabetes-related complications [12]. To

date, few studies have examined the risk of microvascular

complications in patients with T1DM + CD following a GFD

since the diagnosis and most of them have been performed

in children or young adults [7,8,11,12]. Against this back-

ground, in the present case-control study we evaluated the

metabolic control and the status of microvascular complica-

tions in patients with T1DM and long-lasting, GFD-treated

CD compared with patients with T1DM alone.
2. Subjects, materials and methods

2.1. Study groups

Thirty-four patients with T1DM + CD and sixty-six patients

with T1DM alone matched for age, sex and diabetes duration

were studied. All participants attended the Outpatient Dia-

betes Unit of Federico II University of Naples. Patients’ clinical

and biochemical variables, smoking status, insulin dose,

scores of diabetic complications tests, presence of comorbidi-

ties and medication use were evaluated at their most recent

visit during the yearly complication assessment protocol in

the period 2011–2016.

T1DM was diagnosed by clinical criteria and the presence

of islet antibodies (glutamic acid decarboxylase (GAD) and

islet antigen 2 (IA-2). CD was diagnosed by positive serology,

i.e. anti-tissue transglutaminase (anti-tTG) IgA or anti-

endomysial (EMA) IgA antibodies, and confirmed by typical

histological changes in biopsy duodenal specimens according

to the European Society of Pediatric Gastroenterology, Hepa-

tology and Nutrition (ESPGHAN) criteria [19]. Adherence to

GFD diet was defined as anti-tTG IgA antibodies within the

normal range.

All procedures were performed in accordance with the

Helsinki Declaration. All patients gave their informed consent

to the use of their clinical and laboratory data and for being
included in the study. The study was approved by the Ethics

Committee of Federico II University.

2.2. Complications assessment

All participants underwent a complete screening of chronic

complications according to our standardized protocol includ-

ing clinical examination and dilated eye exam for diabetic

retinopathy screening. Nephropathy was evaluated by the

assessment of urinary albumin excretion rate (UAE), serum

creatinine and estimated glomerular filtration rate (eGFR).

Autonomic nerve functionwas examined by standardized car-

diovascular reflex tests: parasympathetic function was evalu-

ated by the heart rate variability through a deep breathing test

(beat-to-beat variation test) and sympathetic function was

assessed by the blood pressure response to standing. Periph-

eral neuropathywas evaluatedwith bilateral vibration percep-

tion examination, tactile perception test with the Semmes-

Weinstein monofilament and ankle reflex assessments.

2.3. Measurements

Plasma concentrations of glucose, creatinine, and lipids were

determined by standard procedures. Glycated hemoglobin

(HbA1c) was evaluated with HPLC method. Anti-tTG were

measured by enzyme-linked immunosorbent assay (ELISA)

tests and anti-EMA IgA were measured by immunofluores-

cence assay. Albumin concentration in spot urine was mea-

sured by immunonephelometry. Plasma and urine

creatinine were determined by the modified Jaffé reaction

using an autoanalyzer (Pentra 400, Horiba ABX Diagnostics).

All biochemical analyses were performed in a central

laboratory.

Body mass index (BMI) was calculated as weight in kg/

height in m2. LDL-cholesterol was calculated by Friedewald’s

formula. eGFR was calculated with CKD-EPI formula. Esti-

mated Insulin sensitivity (eIS) was calculated according to

SEARCH IS score [20].

2.4. Definitions

Smoking status was defined as smoking one or more cigar-

ettes per day. Hypertension was diagnosed as systolic blood

pressure (SBP) � 140 mmHg or diastolic blood pressure (DBP)

� 90 mmHg in accordance with the European Society of

Hypertension [21]. Dyslipidemia was defined as the presence

of at least one of the followings: LDL cholesterol >3.4 mmol/

L, triglycerides >1.7 mmol/L, HDL cholesterol >1.03 mmol/L

in men and >1.29 mmol/L in women.

Diabetic nephropathy was defined as two or more positive

microalbuminuria tests (albumin to creatinine ratio of 3–30

mg/mmol on spot urine), obtained within 6 months. Periph-

eral neuropathy was diagnosed if two out of the three tests

(bilateral vibration perception, tactile perception and ankle

reflexes) were abnormal.

Autonomic neuropathy was diagnosed if at least beat-to-

beat variation test was abnormal. Non proliferative and

retinopathy and advanced retinopathy were defined in accor-

dance with international guidelines by an expert operator

[22].
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2.5. Statistical analysis

Continuous data were expressed as means ± standard devia-

tion (SD) or proportions (%). To compare continuous variables,

an independent Student’s t test was performed. Given the

skewed distribution of triglycerides, creatinine, UAC, the sta-

tistical analysis of these variables was applied after log-

transformation with back transformation to natural units

for presentation in the text and. Pearson’s test was used to

assess correlations among continuous variables. The X2 test

was used to analyze categorical data. General linear model

univariate analysis was performed adjusting for BMI, diastolic

blood pressure, insulin dosage and number of associated

autoimmune disorders. The statistical analysis was per-

formed with IBM SPSS Statistics, version 24.0.

3. Results

As shown in Table 1, the two groups were comparable for the

main anthropometric and clinical characteristics except for

DBP that was significantly lower in T1DM + CD than in

T1DM subjects. In the majority of T1DM + CD patients (88%),

T1DM preceded the diagnosis of CD.

The two groups had similar glucose control evaluated both

as mean HbA1c (P = 0.57) and as percentage of patients within

different categories of HbA1c, i.e. <7% (53 mmol/mol), 7–8%
Table 1 – Clinical and metabolic characteristics of patients with

T1DM +

Female – n (%) 24 (71)
Age – years 28 ± 10
T1DM duration – years 18 ± 7
CD duration – years 15 ± 7
BMI – kg/m2 23 ± 3
WC – cm 80 ± 8
HbA1c – % 7.8 ± 1
HbA1c – mmol/mol 62 ± 11
� HbA1c < 7% (<53 mmol/mol) – n (%) 7 (21)
� HbA1c 7–8% (53–64 mmol/mol) – n (%) 18 (53)
� HbA1c > 8% (>64 mmol/mol) – n (%) 9 (26)
Total Cholesterol – mmol/l 4.5 ± 0.9
HDL Cholesterol – mmol/l 1.7 ± 0.5
LDL Cholesterol – mmol/l 2.4 ± 0.7
Triglyceride – mmol/l 1.7 ± 0.7
Creatinine – mmol/l 80 ± 18
Systolic blood pressure – mmHg 112 ± 13
Diastolic blood pressure – mmHg 69 ± 9
Smoking status – n (%) 7 (21)
Total Insulin dose – IU/Kg/day 0.69 ± 0.1
Prandial Insulin dose – IU/Kg/day 0.40 ± 0.1
Basal Insulin dose – IU/Kg/day 0.30 ± 0.1
eInsulin Sensivity – mg/Kg/min 4.76 ± 1.2
Autoimmune disorders – n (%) 15 (44)
� Thyroiditis – n (%) 14 (41)
Dyslipidemia – n (%) 5 (15)
Hypertension – n (%) 2 (6)

T1DM, type 1 diabetes mellitus; CD, celiac disease; WC, waist circumfere
(53–64 mmol/mol), >8% (>64 mmol/mol). No differences in

lipid profile was observed between the two groups.

With respect to other associated autoimmune conditions,

44% in the T1DM + CD group showed at least one autoim-

mune disease compared with 35% in the T1DM group (P =

0.39). Thyroiditis was the most frequent associated autoim-

mune condition with a frequency of 41% in the T1DM + CD

and 27% in the CD groups (P = 0.18).

The percentage of patients using continuous subcuta-

neous insulin infusion system was 26% in T1DM + CD and

42% in T1DM (p = 0.15). Insulin requirement per day was sig-

nificantly greater in T1DM + CD than in the CD group (0.69 ±

0.17 UI/Kg/day vs 0.62 ± 0.17 IU/Kg/day, respectively, P = 0.04)

due to a higher pre-prandial insulin dose (0.40 ± 0.14 vs 0.31

± 0.14 IU/Kg/day, P = 0.004), while no difference was found in

basal insulin requirements. Insulin sensitivity, expressed by

eIS score, was similar in the two groups. As shown in Table 2,

the rate of microvascular complications was similar between

the two groups. However, estimated glomerular filtration rate

(eGFR) was significantly lower in T1DM + CD compared with

T1DM patients (100 ± 20 vs 110 ± 16 ml/min/1.73 m2, P =

0.007) (Fig. 1). This difference persisted even after the exclu-

sion of treated hypertensive subjects (102 ± 17 vs 112 ± 13 m

l/min/1.73 m2, P = 0.004) and after adjustment for diastolic

blood pressure, insulin dosage, number of associated autoim-

mune disorders (P = 0.003). The percentage of patients with
T1DM+CD compared with T1DM alone.

CD (n 34) T1DM (n 66) P value

46 (70) 0.92
28 ± 8 0.93
17 ± 7 0.44
– –
24 ± 3 0.14
83 ± 10 0.10
7.7 ± 1.1 0.57
61 ± 12
20 (30) 0.29
25 (38) 0.16
21 (32) 0.63
4.2 ± 0.8 0.12
1.6 ± 0.4 0.51
2.3 ± 0.7 0.36
1.5 ± 0.5 0.15
71 ± 9 0.003
116 ± 16 0.17
75 ± 9 0.003
19 (29) 0.38

7 0.62 ± 0.17 0.04
4 0.31 ± 0.14 0.004
2 0.31 ± 0.10 0.60
3 4.85 ± 1.21 0.74

23 (35) 0.39
18 (27) 0.18
10 (15) 0.95
8 (12) 0.32

nce.



Table 2 – Parameters of renal function and proportions of microvascular complications in patients with T1DM+CD and T1DM
alone.

T1DM + CD (n 34) T1DM (n 66) P value

eGFR – ml/min/1.73 m2 100 ± 20 110 ± 16 0.007
eGFR < 90 ml/min/1.73 m2 – n (%) 13 (38.2) 7 (10.6) 0.001
ACR – mg/mmol 1.8 ± 1.4 2.0 ± 3.0 0.66
Nephropathy – n (%) 3 (10) 4 (6) 0.60
Retinopathy – n (%) 10 (29) 14 (21) 0.38
Peripheral Neuropathy – n (%) 1 (3) 2 (3) 0.98
Autonomic Neuropathy – n (%) 0 (0) 1 (1) 0.47

T1DM, type 1 diabetes mellitus; CD, celiac disease; eGFR, estimated glomerular filtration rate; ACR, albumin creatinine ratio.

Fig. 1 – eGFR (95%CI) in patients with T1DM alone compared

with T1DM+CD.
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eGFR < 90 ml/min1.73 m2 was significantly higher in the

T1DM + CD than in the T1DM group (P = 0.001).

4. Discussion

This study demonstrates that in patients with concomitant

T1DM and GFD-treated CD, both glycemic control and the rate

of microvascular complications were similar to those of

patients with T1DM alone. However, compared to T1DM,

patients with T1DM + CD showed a lower GFR that appeared

to be independent of metabolic and blood pressure control.

The extent to which the co-occurrence of CD negatively

influences glycemic control in patients with T1DM is still

debated. In a longitudinal retrospective case-control study,

no difference was found in HbA1c levels between patients

with T1DM and duodenal-biopsy-confirmed CD and T1DM

patients matched for gender, age and duration of diabetes

[23]. In contrast, Leeds et al. found a worse glucose control

in T1DM patients with overt CD than the T1DM control group

[9]. These heterogeneous results may depend on the time

elapsed since CD diagnosis (at onset or during the follow-

up) and, above all, the adherence to a GFD. In fact, Pham-

Short et al. showed aworse glycemic control in T1DM patients

with untreated CD compared to patients following a GFD [12].
Our patients with T1DM + CD were adherent to a GFD, as

evidenced by the absence of anti-tTG, and had a glycemic

control similar to that of T1DM patients, supporting the view

that CD does not worsen glycemic control provided that an

adequate clinical management for both T1DM and CD is pur-

sued. On the other hand, a strict adherence to a GFD is known

not only to relieve gastro-intestinal symptoms but also to

revert intestinal mucosal inflammation and damage thus

restoring a normal nutrient absorption [24].

A number of studies exploring the impact of CD on

microvascular complications has provided conflicting

results. In a large population study, Rohrer et al. demon-

strated that in T1DM patients, CD is an independent risk fac-

tor for both retinopathy and nephropathy when adjusted for

age, sex, duration of diabetes, HbA1c, hypertension and dys-

lipidemia [14]. Moreover, microalbuminuria occurred 10

years earlier in patients with concomitant T1DM and CD

[14]. It should be noted, however, that most of the patients

involved in the study were untreated for CD [14]; therefore

the true burden of CD in patients with T1DM remains unde-

fined since in real life CD is generally treated with a GFD. In

a cohort study based on the Swedish National Patient Regis-

ter, the authors observed that the coexistence of T1DM + CD

was protective for the risk of retinopathy development for

the first 5 years after the CD diagnosis, had a neutral effect

between 5 and 10 years of CD duration, and finally became

a risk factor for retinopathy in patients with over 10 years

of CD duration [13]. In the same population, the authors

found an increased risk of chronic renal diseases in individ-

uals with T1DM + CD and CD duration >10 years compared

to T1DM alone [16]. However, glycemic control, blood pres-

sure and lipid status were not considered in the analysis.

Finally, in a cross-sectional study, Leeds and coll. reported

a higher rate of nephropathy and retinopathy in T1DM

patients at the time of diagnosis of CD compared to T1DM

alone, and an improvement of nephropathy after 1 year of

a GFD [9]. However, in this study the two groups were not

matched for HbA1c levels.

The present study is the first one examining patients with

long-lasting T1DM and GFD-treated CD. We found no differ-

ence in the rate of microvascular complications between

patients with T1DM + CD and T1DM patients matched for

sex, age, diabetes duration, and HbA1c, indicating that the

co-occurrence of GFD-treated CD does not negatively impact

the clinical course of T1DM. This finding highlights a possible
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protective role of a GFD in the development of diabetes-

related complications in line with previous small clinical

studies [9,10,15]. Interestingly, GFD has been reported to

reduce weight gain, inflammation and insulin resistance

though up-regulation of PPARs expression in an experimental

model of obesity [25]. However, a conclusive evidence on the

clinical efficacy of GFD treatment in patients with T1DM +

CD will only come from randomized controlled trials cur-

rently ongoing [26].

A novel finding of our study is the occurrence of a signifi-

cantly lower eGFR in T1DM + CD patients compared to T1DM

alone. The reduction in eGFR does not appear to be related to

metabolic and/or hemodynamic factors since HbA1c blood

pressure and lipid levels were similar in the two groups;

rather, it is likely linked to CD per se, as confirmed by the anal-

ysis adjusted for confounders. An increased prevalence of

chronic kidney disease among non-diabetic patients with

CD was reported in previous clinical studies [27–29], and a

recent meta-analysis showed a two-fold higher risk to

develop chronic kidney disease in CD patients than in healthy

subjects [30]. One hypothesis to explain the increased risk of

kidney disease in CD patients is an accumulation of IgA com-

plexes in the mesangial cells, whose production is exacer-

bated by the intestinal exposure to gluten [31,32]. Moreover,

mechanisms related to low grade inflammation due to a dis-

continuous adherence to a GFD could also contribute to renal

damage [33,34].

An interesting observation of our study is the higher pran-

dial insulin requirement in T1DM + CD patients compared to

T1DM, despite the two groups had a similar insulin sensitiv-

ity, estimated by the SEARCH score. This finding may be due

to the higher glycemic index and lower fiber content of

gluten-free food as reported in the International Tables of

the American Society for Clinical Nutrition [35]. Consistent

with this interpretation, Pam-short et al. demonstrated

greater post-prandial glucose excursions and higher glucose

peak in young T1DM + CD patients adhering to GFD compared

to T1DM alone despite correction doses of insulin adminis-

tered pre-meal [36].

We acknowledge that our study has some limitations.

First, the design is observational and cross-sectional, which

precludes evaluation of the changes of renal function over

time and the elucidation of the mechanisms underlying the

reduction in eGFR found in TIDM + CD patients. Second, since

the diagnosis all patients were followed up in our outpatient

tertiary care center with periodic clinical assessment of both

T1DM and CD. Therefore, our results may not be applicable to

the whole population of patients with coexisting T1DM and

CD who may not undergo a strict monitoring. Furthermore,

our patients showed a good adherence to a GFD at the time

of the study; however, given the long duration of CD, we can-

not assume that dietary compliance has been optimal for the

whole disease duration, which may have played a role in

reducing eGFR.

In conclusion, in patients with T1DM, the co-occurrence of

long-term, GFD-treated CD does not negatively impact glyce-

mic control and microvascular complications, supporting the

beneficial effects of GFD on glucose homeostasis and vascular

function. However, compared to patients with T1DM alone,

patients with T1DM + CD have a lower eGFR value and its clin-
ical significance will be clarified by ad hoc prospective studies.

This study highlights the need for carefully monitoring renal

function in patients with T1DM and CD.
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