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Islet Cell Associated Autoantibodies and C-Peptide Levels in Patients with Diabetes and Symptoms of Gastroparesis
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Introduction: Individuals with diabetes are at increased risk for complications, including gastroparesis. Type 1 diabetes mellitus (T1DM) is an autoimmune disorder resulting in decreased beta-cell function. Glutamic acid decarboxylase-65 antibody (GADA) is the most commonly used test to assess autoimmunity while C-peptide level is used to assess beta-cell function. Patients with type 2 diabetes mellitus (T2DM), who are GADA positive, are labeled latent autoimmune diabetes in adults (LADA).

Objective: To characterize patients with T1 and T2DM who have symptoms of gastroparesis using GADA and C-peptide levels and to look for association with the presence of gastroparesis and its symptom severity.

Design: 113 T1DM and 90 T2DM patients with symptoms suggestive of gastroparesis were studied. Symptom severity was assessed using Gastroparesis Cardinal Symptom Index (GCSI). Serum samples were analyzed for GADA and C-peptide.

Results: Delayed gastric emptying was present in 91 (81%) of T1DM and 60 (67%) of T2DM patients (p = 0.04). GADA was present in 13% of T2DM subjects [10% in delayed gastric emptying and 20% in normal gastric emptying (p = 0.2)]. Gastric retention and GCSI scores were mostly similar in GADA positive and negative T2DM patients. GADA was present in 45% of T1DM subjects [46% in delayed gastric emptying and 41% in normal gastric emptying (p = 0.81)]. Low C-peptide levels were seen in 79% T1DM patients and 8% T2DM. All seven T2DM patients with low C-peptide were taking insulin compared to 52% of T2DM with normal C-peptide.

Conclusion: GADA was present in 13% while low C-peptide was seen in 8% of our T2DM patients with symptoms of gastroparesis. Neither did correlate with degree of delayed gastric emptying or symptom severity.

ClinicalTrials.gov Identifier: NCT01696747.
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INTRODUCTION

Type 1 diabetes mellitus (T1DM) is an autoimmune disorder (with evidence of autoantibodies) and decreased beta-cell function (measured using C-peptide levels), whereas Type 2 diabetes (T2DM) results from a combination of insulin resistance and diminished beta-cell function. However, some patients with T2DM are found to have positive autoantibody profile [often positive glutamic acid decarboxylase-65 antibody (GADA)] suggesting they may have latent autoimmune diabetes in adults (LADA) (1). In studies specific to North America, LADA has been reported in 3–20% of patients initially thought to have T2DM (2, 3).

The presence of LADA in patients clinically considered to have T2DM at diagnosis is found to be associated with a progression to beta-cell failure requiring insulin within few years (4). Individuals with LADA have worse glycemic control than patients with T2DM (5). In addition, it has been reported that LADA patients may have a higher prevalence of complications, particularly retinopathy and nephropathy than T2DM (4).

Gastroparesis is another complication of long-standing diabetes characterized by delayed gastric emptying. Approximately 25–55% of T1DM develop gastroparesis (6). However, gastroparesis is being increasingly diagnosed in type 2 diabetes (T2DM) patients as well with prevalence rate of about 30% (6). A recent study indicated that patients with generalized autoimmune dysautonomia may also present with gastroparesis. Immune dysfunction in such patients can be evaluated using antibodies to glutamic acid decarboxylase (GADA) (7). It is, therefore, interesting to look if presence of GADA in both T1 and T2DM is associated with the presence and severity of gastroparesis.

The aim of this study was to characterize patients with diabetes who have symptoms of gastroparesis using GADA and C-peptide levels to help determine if these correlate with delayed gastric emptying and symptoms, better than the clinical classification of T1DM and T2DM. We also wanted to test the hypothesis that patients with T2DM who are GADA positive are more likely to develop gastroparesis. We are hypothesizing that patients with an autoimmune form of diabetes, whether T1DM or T2DM, may be at a higher risk of developing gastroparesis.

MATERIALS AND METHODS

This study is a secondary analysis of data from the Gastroparesis Clinical Research Consortium (GpCRC) Registry (8, 9). The NIDDK GpCRC has a large number of carefully evaluated patients with diabetes and gastroparesis, as well as a number of patients with diabetes with symptoms of gastroparesis but normal gastric emptying. The GpCRC Gastroparesis Registry (GpR) was established in 2006 as an observational study to investigate the etiology, epidemiology, and degree of morbidity with gastroparesis. The second NIDDK GpR (GpR2) was started in 2013, collecting more physiologic testing. Classification of type of diabetes for the registry was obtained from the patient’s medical record and/or in some cases by patient self-report.

The registry collected extensive clinical data on patients in order to fully characterize the features of their gastroparesis. These include a complete medical history, physical examination, gastric emptying scintigraphy (GES), validated symptom questionnaires including Patient Assessment of Upper Gastrointestinal Disorders Symptoms Severity Index (PAGI-SYM) (10) and laboratory tests, including glucose and glycosylated hemoglobin levels. The history asked about the use of insulin and the presence of peripheral neuropathy. Fasting serum and plasma had been stored and were utilized to assess GADA and C-peptide levels for this study.

Laboratory Analysis

Serum samples were analyzed for GADA and C-peptide levels. The assays were performed through Quest Diagnostics Research Laboratory. GADA levels were measured using a radiobinding assay. The reference value for GADA was ≤1.0 U/ml. C-peptide levels were measured using an immunoassay. The reference range was 0.80–3.10 ng/ml.

Patient Assessment of GI Symptoms (PAGI-SYM)

The PAGI-SYM questionnaire assessed 24 symptoms of gastroparesis, dyspepsia, gastroesophageal reflux disease with the severity over the last 2 weeks rated by the patient as none = 0 to very severe = 5 (0 = none, 1 = very mild, 2 = mild, 3 = moderate, 4 = severe, 5 = very severe) (10). This PAGI-SYM contains the nine symptoms comprising the Gastroparesis Cardinal Symptom Index (GCSI) (11). Patients were also asked about their most prominent symptom.

Gastric Emptying Scintigraphy

Gastric emptying scintigraphy was performed using a low-fat, egg white meal with imaging at 0, 1, 2, and 4 h after meal ingestion (12). This protocol ensured standardized information about gastric emptying across multiple sites. Patients are instructed to stop medications that could affect gastrointestinal motility for 48 h prior to the study and to come to the Nuclear Medicine Section in the morning after fasting overnight, that is, an 8-h fast. Patients with diabetes have their glucose checked at the beginning of the study, with appropriate treatment measures being taken if low blood sugar (hypoglycemia < 60 mg/dl) or high blood sugar (hyperglycemia > 250 mg/dl) is detected. GES is performed using a standard low-fat, Eggbeaters® meal to measure solid emptying. The meal consists of the equivalent of two large eggs radiolabeled with 0.5–1 mCi Tc-99m sulfur colloid served with two pieces of white bread and jelly. Patients are given 120 ml water. Following ingestion of the meal, imaging is performed at 0, 1, 2, and 4 h with the patient upright for measuring gastric emptying of Tc-labeled solids. Gastric emptying is analyzed as percent of radioactivity retained in the stomach over time using the geometric center of the decay-corrected anterior and posterior counts for each time point. Gastric retention of Tc-99m > 60% at 2 h and/or >10% at 4 h is considered delayed gastric emptying of solids (12).

Statistical Methods

Descriptive statistics (means, SDs, frequencies, and percentages) were used to compare subgroups of gastroparesis patients. Enrollment characteristics such as demographics, medical history, gastroparesis history, diabetes history and treatment, symptom severity were compared by etiology (T1DM vs T2DM). Within the groups of T1 and T2DM, enrollment characteristics were also compared by the subgroups of patients with positive GAD65 vs negative GAD65 and for subgroups of patients with low vs normal C-peptide levels. p-Values were determined from Fisher’s exact tests for categorical variables and t-tests for continuous variables. All p-values are two-sided; values < 0.05 were considered statistically significant. Analyses were performed using methods described in SAS version 9.3 (SAS Institute) or Stata version 13.1 (StataCorp).

RESULTS

A total of 203 patients with diabetes (113 patients with T1DM and 90 patients with T2DM) having symptoms suggestive of gastroparesis from the NIDDK GpR were assessed in this study.

Comparing T1DM vs T2DM

Table 1 shows the baseline characteristics of patients by type of diabetes. As expected, T2DM patients were older, had higher BMI, and less often used insulin compared to T1DM patients. At enrollment into the registry, T1DM patients had a longer duration of diabetes and longer duration of gastroparesis than T2DM patients. At enrollment, 108 (95.6%) of T1DM and 50 (55.6%) of T2DM were using insulin. A1c levels were higher in T1DM (8.2 ± 1.8%) than T2DM (7.6 ± 1.8%, p = 0.02). GADA were present in 50 (45%) of T1DM and 12 (13%) of T2DM. Low C-peptide levels were seen in 88 (79%) of T1DM patients and 7 (8%) of T2DM.

TABLE 1 | Baseline characteristics patients by diabetes type [Type 1 diabetics (T1DM) vs Type 2 diabetics (T2DM)].
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Delayed gastric emptying was present in 91 (81%) of T1DM and 60 (67%) of T2DM patients (p = 0.04). Total gastroparesis symptoms (GCSI) were similar between T1DM (2.9 ± 1.1) and T2DM (3.0 ± 1.0; p = 0.66), though vomiting was more severe in T1DM (2.6 ± 1.9 vs 2.0 ± 1.8; p = 0.01) and early satiety marginally more severe in T2DM (3.3 ± 1.4 vs 2.8 ± 1.6; p = 0.05).

Comparing Glutamic Acid Decarboxylase-65 Antibody (GADA) Positive vs GADA Negative Subjects

Table 2 shows comparison of baseline characteristics between GADA positive and GADA negative subgroups within T1DM. In relative terms, whites were overrepresented in the GADA positive group while Blacks were overrepresented in the GADA negative group (p = 0.004). Between the two groups, there was no significant difference in duration of gastroparesis symptoms, gastric emptying or GI symptoms. Low C-peptide levels were seen in 43 (88%) of GADA positive and 45 (73%) of GADA negative subjects.

TABLE 2 | Baseline characteristics of patients with T1DM by level of GAD-65 Antibodies.
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Table 3 shows comparison of baseline characteristics between GADA positive and GADA negative subgroups within T2DM. GADA positive subjects with T2DM, compared to GADA negatives, had a longer duration of gastroparesis (7.1 ± 6.7 vs 3.8 ± 2.9 years; p = 0.004), marginally lower prevalence of peripheral neuropathy (8.3 vs 39.7%; p = 0.05), and were more likely to be Hispanic (42 vs 9%; p = 0.009). Regarding symptoms, upper abdominal pain was higher in GADA positive subjects (3.7 ± 1.6 vs 2.5 ± 1.7; p = 0.03) but the rest of the symptoms and gastric emptying results were similar.

TABLE 3 | Baseline characteristics of patients with T2DM by level of GAD-65 Antibodies.
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Comparison by Gastric Emptying Results within T2DM

Table 4 shows comparison of baseline characteristics between those with normal gastric emptying vs those with delayed gastric emptying subgroups within T2DM. Females were marginally overrepresented in the delayed gastric emptying group (p = 0.08). GADA was present in 13% of T2DM subjects [10% in delayed gastric emptying and 20% in normal gastric emptying (p = 0.2)]. There was no significant difference in GADA positivity or the frequency of low C-peptide between the two groups.

TABLE 4 | Baseline characteristics of patients with Type 2 Diabetes (T2DM) by presence of delayed gastric emptying.

[image: image1]

Comparison by Gastric Emptying Results within T1DM

Glutamic acid decarboxylase-65 antibody was present in 45% of T1DM subjects [46% in delayed gastric emptying and 41% in normal gastric emptying (p = 0.81)]. Low C-peptide levels were seen in 79% of T1DM [79% in delayed gastric emptying and 82% in normal gastric emptying (p = 1.00)]. The full comparison is shown on Table 5.

TABLE 5 | Baseline characteristics of patients with Type 1 Diabetes (T1DM) by presence of delayed gastric emptying.
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Comparing Low C-Peptide vs Normal/High C-Peptide Subjects

Table 6 shows comparison of baseline characteristics between low C-peptide and normal/high C-peptide subgroups within T1DM. Of all T1DM patients, 88 (79%) had low C-peptide levels while the rest 23 (21%) had normal/high C-peptide levels, indicating the limitations of clinical classification. All of the 88 subjects with low C-peptide levels (100%) were taking insulin, compared to only 18 (78%) of those with normal/high C-peptide (p < 0.001). GADA positivity was marginally higher in the low C-peptide group (p = 0.06). There were no significant differences between the two groups in gastric emptying as well as in symptoms.

TABLE 6 | Baseline characteristics of patients with Type 1 Diabetes (T1DM) by level of C-Peptide.
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We compared the baseline characteristics between low C-peptide and normal/high C-peptide subgroups within T2DM. Of all T2DM patients, 7 (7.7%) had low C-peptide levels while the rest 83 (92.3%) had normal/high C-peptide levels. All of the seven subjects with low C-peptide levels (100%) were taking insulin, compared to only 43 (51%) of those with normal/high C-peptide. GADA positivity was not significantly different between the two groups. There were no significant differences between the two groups in gastric emptying, but the severity of bloating and visibly larger stomach was greater in those with normal/high C-peptide levels. The significance of this data is limited due to the small number of patients with T2DM who have low C-peptide levels.

DISCUSSION

The classification between T1DM and T2DM is generally done using clinical criteria. Occasionally, GADA and C-peptide levels are measured to help differentiate between the two. Generally, GADA positivity and low C-peptide levels are considered as indicators of the presence of T1DM. GADA positivity, which could be seen in >80% of T1DM patients at the time of diagnosis, tends to decline over time. On the other side, a minority of T2DM patients have been recognized to have GADA positivity and low C-peptide levels. The name latent autoimmune diabetes in adults (LADA) has been used to denote those subjects, who also tend to demonstrate some phenotypic features of T1DM.

About 21% of T1DM subjects did not have low C-peptide levels and about 4% were not on insulin. It is possible that some of those subjects may have been wrongly classified based on clinical parameters. On the other hand, only 45% of T1DM subjects were GADA positive, which is acceptable given the fact that the duration of diabetes was about 21 years, leading to lower positivity.

Our analysis showed that T1DM subjects had longer duration of symptoms and more prevalent delayed gastric emptying than T2DM, but total symptom scores were mostly similar. The only significant difference in symptoms was seen in vomiting, which was more prevalent in T1DM. These data support a prior publication of ours looking at the baseline characteristics and course of T1DM vs T2DM patients (13).

Within T1DM, there was no difference between GADA positive and GADA negative subjects in duration of symptoms, symptom scores and prevalence of delayed gastric emptying.

In regard to T2DM, about 13% were GADA positive and 8% had low C-peptide levels. It is conceivable that those may belong to the category of LADA.

Within T2DM, GADA positives had longer duration of symptoms, but similar prevalence of gastric emptying. They also have similar symptom scores with the exception of upper abdominal pain which was higher in the GADA positive group. Also within this group, GADA positivity and prevalence of low C-peptide were similar when compared between those with delayed gastric emptying and those without.

Within T2DM, comparison between those with low C-peptide vs normal/high C-peptide showed similar duration of symptoms and prevalence of delayed gastric emptying. But, there was more prevalent severity of bloating and visibly larger stomach in those with normal/high C-peptide. These results should be interpreted with caution because of the low number of patients with T2DM who have low C-peptide.

The reported occurrence of LADA in T2DM has been varied. The prevalence of autoantibodies has been reported as anywhere from 3 to 31% with rates varying greatly by geographic area. In studies specific to North America, LADA has been reported in 3.4, 4.7, 5.9, 16, and 20% of patients (2, 3). In the present study, we found that 13% of subjects with phenotypic T2DM were GADA positive. This rate falls within the mid-range of previously reported rates and demonstrates that LADA is not as rare as once thought. In our patients, the rate of gastroparesis was not different between GAD positive and GAD negative phenotypic T2DM patients and we were unable to support our hypothesis that GADA positivity in phenotypically T2DM patients may predispose to gastroparesis.

The diagnosis of LADA mainly relies on seropositivity of antibodies (14). There are three main serum autoantibodies reflecting humoral immunity of LADA: anti-GAD65 antibody (GADA), insulinoma 2-associated antibodies (IA-2A), and insulin autoantibody (IAA). Others include ICA (islet cell cytoplasmic autoantibodies), and zinc transporter 8 autoantibody (ZnT8A). GADA, which is a specific antibody against GAD-65 is recognized as the most sensitive immune parameter for the diagnosis of T1DM and LADA, because it appears early and remains for a long duration in serum. The assay of GAD-65 antibody is the most standardized of all the autoantibodies. Furthermore, in our preliminary work conducted in subjects with gastroparesis and either T1DM or T2DM, no patients were positive for ICA or IAA (15). For these reasons, we limited our evaluation to the anti-GAD65 antibody in the current study.

Characteristics of GADA positive patients with phenotypically type 2 diabetes have been previously reported by several investigators. Arikan and colleagues found that GADA positive patients were significantly younger at age of diabetes onset, had a lower BMI, and lower serum C-peptide levels than patients who were GADA negative with T2DM (4). Hawa and colleagues also found that GADA positive patients had a significantly lower mean age of onset of diabetes as well as lower BMI in their cohort of European subjects (3). In contrast, Zinman and colleagues did find differences in adiposity between GADA positive and negative subjects with type 2 diabetes in the ADOPT study but did find lesser degrees of insulin resistance and a lower probability of the metabolic syndrome (2). In our population, GADA positive patients tended to be younger at diabetes diagnosis and had a lower BMI, even though not statistically significant. In addition, GADA positive patients had a significantly longer duration of gastroparesis at enrollment (7.1 ± 6.7 vs 3.8 ± 2.9 years; p = 0.004) than did negative subjects. When comparing phenotypic T2DM subjects, GADA positive patients, had a longer duration of gastroparesis, lower prevalence of peripheral neuropathy, and were more likely to be Hispanic than GADA negative subjects.

In addition to phenotypic characteristics, some investigators have examined the occurrence of the long-term complications among patients who are GADA positive vs negative. In 2003, Arkian et al. reported a higher rate of retinopathy and nephropathy among their GADA positive patients; however, the rate of peripheral neuropathy did not differ between the two groups (4). In the Fermantle Diabetes Study (16), the prevalence of retinopathy was increased twofold among GADA positive patients as compared to negative patients. However, several other studies have found comparable rates of retinopathy and nephropathy among GAD65 positive and negative patients (17–19). In the most recent study and to date the only large prospective trial (3), the incidence of microvascular disease did not differ between GADA positive and negative patients. In addition, the rate of progression to macrovascular events was similar in both groups. In regards to peripheral neuropathy, one study actually found fewer features of neuropathy among GADA positive patients (20). Our study specifically examined the relationship between gastroparesis (a form of autonomic neuropathy) and autoantibody positivity. We found no differences in rates of delayed gastric emptying, or in percent retained at either 2 or 4 h among the GADA positive and GADA negative phenotypically T2DM patients. In addition, there were no differences in symptom severity scores (PAGI-SYM) or in the GCSI between the two groups. We also did not find that rates of peripheral neuropathy differed between GADA positive and negative subjects.

A surprising finding of the study was the portion of subjects who apparently were misclassified in regards to their type of diabetes. For the registry, classification of diabetes was obtained from medical records and/or by patient self-report. Twenty five of the 113 subjects with type 1 diabetes had normal and or elevated C-peptide levels. Since individuals in this group had been diagnosed on average 22 years prior to this assessment, one would have anticipated low c-peptide levels. Thus, 22% of individuals who classified themselves and/or were classified by their health-care provider as having type 1 diabetes probably had T2DM. In addition 7 of the 90 subjects (8%) with the diagnosis of T2DM had low C-peptide levels. However, because of the long duration of diabetes (mean 13.4 years) in this group, it is possible that these individuals had higher levels at diagnosis and that the current low C-peptide levels represented the progressive beta-cell loss seen in T2DM making it impossible to determine if they were misclassified. It must be acknowledged that this potential misclassification is a limitation of this and perhaps other studies involving diabetes. We did not perform any genetic testing or family history to help make the diagnosis of maturity-onset diabetes of the young (MODY). MODY is a form of diabetes classically presents as non-insulin-requiring diabetes in lean individuals typically younger than 25 with evidence of autosomal dominant inheritance. MODY accounts about 1% of all cases of diabetes mellitus (21).

In conclusion, GAD65 antibodies were present in 13% of our phenotypic T2DM patients with symptoms of gastroparesis suggesting presence of LADA. GADA positivity in phenotypic T2DM patients did not associate with delayed gastric emptying or gastroparesis symptom severity. Low C-peptide was associated with insulin use. Some patients labeled as T1DM had normal C-peptide levels suggesting a misclassification. Both the C-peptide levels and GADA positivity could be helpful in correct classification of diabetes.
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Baseline characteristic

Normal emptying (n = 22)

pvalue
N(%) or Mean + SD. N%) or Mean + S
Demographic:
Gender:fomalo 18(81.8) 60659 020
Mean age at envolment 432140 042115 008
Eirmiiy: Hispanic v other 4(182) 13(143) o074
Race o0&
White: 18(81.8) 66 (74.2)
Black 30136) 18(202)
Otver 18 566
Artvopometic
B (kg/m) 201468 23261 006
Meical istory
Diabetes
Age at diabetes diagnosis (years) 192134 183105 073
Duration of diabetes at enroliment (years) 2522150 2112114 0.16
Presence of peripheral neuropathy 13 (59.1) 40 (44.0) 0.24
Use of insulin 22(100.0) 86(94.5) 058
Onset of symptoms 00
Acute start 627.3) 49(53.9)
Insidious. 18 (72.7) 42 (46.2)
Glucose (mg/df) 187.1+ 1089 1720+ 826 047
HoATG (%) 83216 82519 o7
Historyof gastioparesis
Age at diagnosis of gastropares's (years) 3642151 334£103 027
Duraton of gastroparesis at evolment (years) 84276 63258 o017
Gastric emptying (mean’s rtained)
2.nemptying 212162 7012201 <0001
4+ emptying 41128 4532212 <000t
GADA posive (>1.0 Uim) 9409) 41458 081
C-Peptide, low (<0.8 ng/m) 18(618) 70787) 100
PAGISYM symplom severy (0-6)
Nausea saverty 33216 34213 05
Retching severty 21218 24517 o051
Vomiting severty 25220 27218 056
Foolng of stomach fulness severy 36213 32515 o1
Inabilty to finish meal severity 30£14 28216 060
Excessivol ul afer meal soverty 36215 33115 041
Loss of appete severty 29216 28116 o078
Bloating severly 35115 29116 007
Visbly lrger stomach severty 32417 25217 009
Upper abdominal pain 28£16 28£18 0.99
Upper abdominal discomfort 30216 30£17 093
Cardinal symptom index [Gastroparesis 31£12 29211 0.34
Cardinal Symptom Index (GCS) (0-5)
Nausealvomiing GCS! subscale 26217 28215 053
Bloatig GOS! subscale 34215 27518 007
Posiprandl fulnoss GCS subscalo 33:13 30:12 036

*Delayed gastric emptying defined as having gastric emptying scintigraphy of >60% at 2 h OR >10% at 4 h.
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Baseline characteristic Low C-peptide (<08 ng/miy (1 =88)  Normalrhigh C-peptide (>08 ng/mif (1 =23)  p-Value
N(%) or Mean + SD N(%) or Mean + SD

Demograpric

Gender: female 63(71.6) 13(66.5) 021
Mean age at enllment 4002123 4262110 036
Ethriciy: Hspanic vs other 8@ 8@ 0005
Race 039
White 6908.4) 14(66.7)

Black. 18(17.1) 5038

Other 48 265
Anthropomeric:

B (ig/m) 269265 272260 o087
Medicalhistory

Diabetes

‘Age at diabetes diagnosis(years) 1722108 2402119 0008
Duration of diabetes at envolmen (years) 2282126 1862107 015
Presence of perioheral neuropathy 4045.5) 12(622) 064
Use of insuln 88(1000) 18(78.3) <0001
Onset of symptoms 100
Acut start a2ury) e

Insiious 46(52.3) 12(522)

Glucose (mg/d) 1725836 17492948 050
HBATC (%) 83218 75224 oot
History of gastroparesis

Age at dagnosis of gastroparesis (years) as115 732101 014
Duration of gastroparesis at evoimert (yeas) 7062 54264 027
Gasiric emptying (mean’s retaine)

2:nemotying 6092265 6042205 0%
4nemotying 36+205 4232208 033
Delayed gastrc emptying” 70(796) 19826) 100
GADA posive (>1.0 Umi) 13(489) 6061) 006
PAGI-SYM symptom severty (0-5)

Nausea severty 34213 34215 098
Fetching severty 23217 27218 028
Vomiting severity 26219 31216 025
Faelng of stomach fulness severty 32215 33213 085
Inabity 10 finish meal severty 28216 a2x14 025
Excessively ul afer meal severty 34218 36210 087
Loss of appette severty 28217 30+ 14 057
Boating soverty 30216 29215 064
Visbly lager stomach soverity 26218 27216 o082
Upper abdominal pain 28218 30+18 055
Upper abdominal dscomfort 3017 30£18 098
Carcinal symptom index [Gastroparosis 29411 3009 052
Carcinal Symptom index (GCS) 0-5)

Nauseaivomiting GCS! subscale 28215 21215 039
Boating GCS subscale 2817 28214 091
Postprandial fullness GCS! subscale 30113 33209 044

‘Nogative C-Pepte defined as c-peptvels <0.8 ng/mi
“Gastic emptyig scitgraphy of >60% t 21 O >10% at 4.

GCS!, Gastroparesis Cardinal Symptom Index.
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Baseline characteristic Positive GAD-65 Antibodies Negative GAD-65 Antibodies p-Value
(GADA > 1.0)(n = 12) (GADA < 1.0) (1 = 78)
N(%) or mean + SD N(%) or mean + SD
Demograptic
‘Gender: fomale 8(667) 56(74.4) 073
Mean age at envolment 5122123 521296 076
Ethriciy: Hispanic vs other 5617 700 0009
Race 02
White 8667) 62805)
Back 483 12(156)
Other L) 369
Anttvopometric
M (gim) 319293 W5275 051
Medscaifistory
Dabetes
‘Age al diabetes diagnosi (yeers) 3892110 3972105 080
Duation of dabetes at envolimen fyears) 123293 124273 0%
Presence of peripheral neuropathy 163 3139.7) 005
Use of insuln 5417 45(57.7) 036
Onsat of symptoms. 028
Acute start s@17) 41626
Insidous 6(500) 3646.2)
Glucose (mg/d) 14882804 14842711 099
HoATC (%) 73216 76218 056
History of gastroparesis
‘Age at diagnos's of gastroparesis years) 412125 4832101 019
Duration o gastroparesis at envolment (years) 71267 38229 0004
Gestiic empying (mean'é retained)
2h emptyng 4452213 4902260 056
4 emptyng 1882116 252221 019
Delayed gastric emptying" 66500) 54(602) 020
C-Pepide, low (<0.8 ng/m) 189 607 100
PAGHSYM symptom severty (0-5)
Nausea severty 32212 a1s14 0%
Retching severty 19217 22516 056
Vomilng severty 21220 19217 081
Feeing of stomach fulless severity 39:08 35513 032
Inabity 1o firish meal severty 33215 33214 087
Excessivly ful ater meal soveity 37211 36212 092
Loss of appeite severty 27215 2815 o072
Bioating severity 39209 33216 019
Visbly lerger stomach severty 36213 28518 017
Upper abdominal pain 37:16 25517 008
Upper abdomina dscomfort 37215 28216 008
Cardinal symtom index (GCS) (0-5) 32209 2911 048
Nauseaivomiing GCSI subscale 24214 24213 0%
Boating GCS! subscale 3810 31516 016
Postpranda fulness GCSI subscale 3411 33212 090

“Gastric emptying scintigraphy (GES) of >60% at 2 h OR >10% at 4 h.
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Baseline characteristic Normal emptying (n = 30) Delayed emptying* (1 = 60) p-Value.

N(%) or mean + SD N%) or mean + SD

Demographic

Gender female 18(60.0) 48600) 008
Mean age at envolment 505285 5282106 030
Ethricity: Hispanic vs other 5(167) 7017 053
Race 043
whte 23067) a797)

Black 733 90153

Other 00 361)
Antrvopometric

BM kg/m’) %6283 02275 081
Medical history

Diatetes

‘Age at cabetes diagnosis (years) 400287 42114 081
Duraton of iabetes at envolment (years) 105260 133281 009
Presence of perpheralneuropathy 10033 22(36.7) 082
Use of insuin 18(600) 2633 065
Onset of symptoms 024
Acute start 19633 27450

Insidious 11(67) 31617)

Otner 06 269

Glucose (mg/d) 14432489 16052813 070
HoATG (%) 76215 76219 038
History of gastroparesis

Age at dagnoss of gasiroparesis (years) 453295 4902108 012
Ouraton of gastroparesis at envolment (years) 52249 38229 ot
Gastric emptying (mean‘s retained)

2.hempiying 2615181 5064207 <0001
h emptyng 36230 032208 <0001
GADA positve (>1.0 Ui 6200 6(100) 020
C-Pepide, low (<0.8 ng/m) 163 6(100) 042
PAGISYM symptom severty 0-5)

Nausea severty a1x13 a1s14 100
Retching severty 18216 23216 016
Vomitng severty 16216 22218 007
Feeing of stomach fulness severty 36211 3613 081
bty tofish me severity 32116 24213 o
Excessivel fulafer meal soveriy 37211 36213 059
Loss of appette severty 28216 28314 0%
Boating severty 34214 34216 092
Visily lerger stomach severity 30217 29518 080
Upper abdominal pain 26218 27217 076
Upper abdominal discomiort 28116 30£16 061
Carcinal symptom index [Gastroparesis 29210 3011 064
Carcinal Symptom Index (GCS) (0-5)

Nauseaivomiing GCS! subscale: 22212 26214 018
Boating GCS subscale 22118 22516 0%
Posiprandal fulness GCS| subscale: 33212 8311 088

“Delayed gastric emptying defined as having gastric emptying scintigraphy of >60% at 2 h OR >10% at 4 h.
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Baseline characteristic Type 1 diabetes (1 = 113) Type 2 Diabetes (n = 90) Pp-Value
N(%) or mean + SD N(%) or mean + SD

Demographic:

Gender: fomale 78(690) 66(733) 084
Mean age at envolment 403121 52099 <0001
Ethnioty: Hispenic vs other 17(15.0) 12(13.3) 08t
Race 083
Wnite 84(757) 70780

Back 21(189) 16/(18.0)

Otrer 6664) 364
Anthvopometic

BM (kg/m) 269263 23278 <0001
Medical history

‘Age at dabetes diagnosis years) 1842111 3962105 <0001
Duration of diabees at envokmen (years) 2195122 124276 <0001
Presence of perpheral neuropathy 53(46.9) 32(356) 012
Use ofinsuin 108 (85.6) 50(556) <0001
Onset of symptoms 029
Acute start 5587) 6(51.1)

nsicious 8(51.3) 42067)

Glucosa (mg/d) 17492880 14852719 oo
HoATC (%) 82418 76418 o0
History of gastroparesis

‘Age at ciagnosis of gastroparesis (years) 3402113 4772108 <0001
Duration of gastroparesis at envoliment (years) 67462 43537 0001
Gastric emptying (mean’% retained)

2:h emptying 6105269 4842253 <0001
4 emptying 3732204 2142212 <0001
Delayed gastric emptying” 91(808) 60(66.7) 004
Iset autoantibocies

GADA > 1.0 Ufmi positve) 50(44.6) 12(13.3) <0001

ow (<0.8 ng/mi) 83(793) 778 <0001

PAGISYM symptom severity 0-5)

Nausea severty 34513 31213 o1
Retching severty 24517 22516 043
Vomiting severty 26£19 20+18 001
Feoling of stomach fulness severty 33215 36x12 008
Inabiity o fnsh meal severty 28516 33x14 005
Excessively ful ater meal severty 34515 36212 023
Loss of appetite severty 28416 28415 0%
Bloating severty 30£16 34x15 007
Visiy larger stomach severtty 27517 29217 027
Upper abdominal pain 28418 27417 o0s8
Upper abdominal discomfort 29217 29216 o083
Carcinal symptom index (GCS) (0-5] 29511 30£10 068
Nausea/vomiting GCS! subscale 28515 24513 008
Bloating GCS subscale 28416 32216 o4
Postprandial ulness GCSI subscale 31£12 33x11 015

"Gastic emptying scntgraphy of >60% at 2 OR >10% at 4 .

GCSt, Gastroparests Carcihel Symplom o,
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Baseline characteristic Positive GAD-65 Antibodies Negative GAD-65 Antibodies p-Value
(GADA > 1.0 (n = 50) (GADA < 1.0) (0 = 62)
N(%) or mean + SO N(%) or mean + SD

Demograptic

Gender: fermale 36720 41(66.1) 054
Mean age at envolment 406+ 124 4042118 0%
Ettriciy: Hspanc vs other 8(160) 9(145) 1.00
Race 0004
Whie 45000 29650

Black 360 17283

Otner 260 460
Anthvopometric:

BMI (eg/m) 268265 271262 o9
Medicai istory

Diabetes

‘Age al diabetes diagnosis (years) 1992123 175599 026
Duration of iabetes at envolment (years) 2072119 2302125 o034
Presence of peripheral neuropaihy 24480 280652) 085
Use of insulnn a7@40) 0(96.8) 085
Infectious prodrome 7040 9(145) 100
Onset of symptoms 026
Acute start 21 @20 (232

Insicious 29(580) 29(468)

Glucose (mg/d) 17952968 17174816 0ss
HoATC (%) 83220 8118 043
History of gastroparesis

Age at Gagnosis of gastroparesis fyears) W72121 ax107 o7
Duration of gastroparesis at envolment (years) 72573 63252 043
Gasiric emptying (mean‘s retained)

2:hemptying 6142256 602281 081
+hemotying 3622283 3772305 o7
Delayed gastric emptying" 41 @20 49(790) 081
C-peptde, low (<0.8 ng/m) 43678 45(726) 006
PAGI-SYM symptom severty (0-5)

Nausea soverty 33213 35214 052
Retching severity 23217 24217 076
Vomiting severty 26219 27218 073
Foslng of stomach fulnoss severty 33215 32215 089
Inabity 10 fiish meal severty 28215 29517 071
Excessively ul ater meal seveity 34215 35215 075
Loss of appete severty 30216 27216 o037
Bloating soverty 30215 31216 073
Visbly larger stomach severty 26217 27218 087
Upper abdominal pain 27518 29218 086
Upper abdominaldiscomfort 29517 30217 089
Carcinal symptom index (GCS) (0-5) 29211 30210 073
Nauseaivomitng GCS! subscale 28515 2915 085
Bloating GCS! subscale 2815 29216 069
Postprandial fulness GOS! subscale. 31213 31x12 086

‘Gasinc emptying schlgraphy of >60% at 2h OR >10% at 4 .

GCS!, Gastroparesis Cardinal Symptom index.
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