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Abstract

Aims To assess the prevalence of diabetes-associated autoantibodies in Chinese patients recently diagnosed with adult-
onset diabetes and to evaluate the potential role of the autoantibody markers for characterization of disease phenotype in
the patient population.

Methods The study included 1273 recent-onset adult patients with phenotypic type 2 diabetes mellitus (T2DM). Serum
samples were tested using the 3-Screen ICA™ ELISA (3-Screen) designed for combined measurement of GADAb and/or [A-
2Ab and/or ZnT8Ab. 3-Screen positive samples were then tested for individual diabetes-associated and other organ-specific
autoantibodies. Clinical characteristics of patients positive and negative in 3-Screen were analysed.

Results Forty-four (3.5%) of the T2DM patients were positive in 3-Screen, and 38 (86%) of these were also positive for at
least one of GADAD, IA-2Ab and ZnT8AD in assays for the individual autoantibodies. 3-Screen positive patients had lower
BMLI, higher HbA lc, lower fasting insulin levels and lower fasting C-peptide levels compared to 3-Screen negative patients.
Analysis using a homeostatic model assessment (HOMAZ2) indicated that HOMA?2-f-cell function was significantly lower
for the forty-four 3-Screen positive patients compared to 3-Screen negative patients.

Twenty (45%) 3-Screen positive patients were also positive for at least one thyroid autoantibody.

Conclusions The 3-Screen ELISA has been used successfully for the first time in China to detect diabetes autoantibodies in
patients with phenotypic T2DM. 3-Screen positive patients presented with poorer p cell function.
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Introduction with a phenotype similar to that of type 1 diabetes melli-

tus (T1IDM) and with serological markers of autoimmune

Presentation of type 2 diabetes mellitus (T2DM) is
typically heterogeneous in different patients [1, 2] with
4-10% of adults clinically diagnosed with T2DM presenting
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B-cell damage [2-5]. Autoantibodies (Ab) to glutamic decar-
boxylase (GAD), insulinoma-associated antigen 2 (IA-2),
zinc transporter 8 (ZnT8) and insulin are used widely to
identify B-cell autoimmunity in diabetes [6-8].

This study aimed to assess the prevalence of diabetes-
associated autoantibodies in a cohort of Chinese patients
recently diagnosed with adult onset T2DM using the new
3-Screen ICA™ ELISA (3-Screen) for the combined
measurement of GADAb, IA-2Ab and ZnT8AD in a single
serum sample. Further, we aimed to evaluate the potential
value of the autoantibody markers for characterization of
a disease phenotype in particular, the clinical character-
istics and metabolic profiles of 3-Screen positive patients
compared to 3-Screen negative patients. Recognition of the
characteristic disease phenotype may be helpful in tailoring
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treatment regimens specifically for 3-Screen positive Chi-
nese adult T2DM patients.

Materials and methods
Patients

A hospital-based cross-sectional study was conducted in
Tianjin Chu Hsien-I Memorial Hospital, Tianjin, China.
A total of 1383 adult patients with recently diagnosed dia-
betes mellitus (less than one year) were recruited between
April 2014 to October 2016. Diabetes mellitus was diag-
nosed using the criteria described by Sacks et al. [10] and
the recommendations of the American Diabetes Association
[11]. This included assessment based on clinical presenta-
tion, clinical history, oral glucose tolerance test and insu-
lin releasing test according to the Chinese guidelines for
the prevention and treatment of T2DM [12]. In all 1273
patients with phenotypic T2DM diagnosis were enrolled
in the study using specific inclusion criteria: (a) diagnosis
of diabetes based on fasting blood sugar (FBS) higher than
7.0 mmol/L and postprandial and random blood sugar higher
than 11.1 mmol/L in patients aged > 18yrs; (b) disease dura-
tion < 1 year; and (c) no diabetic ketoacidosis (DKA) in the
first 6 months after the diagnosis of diabetes.

Patients (n=110) with: (a) gestational diabetes, (b) sec-
ondary diabetes and/or with concurrent malignancies and
(c) acute-onset type 1 diabetes or fulminant type 1 diabetes
were excluded.

Age, sex, height, weight, body mass index (BMI), waist
circumferences, hip circumferences and systolic and dias-
tolic blood pressure were recorded at the time of entry
into the study. Furthermore, disease-associated parameters
including glycated haemoglobin Alc levels (HbAlc), fasting
blood sugar, fasting C-peptide and insulin were tested using
standard methods at the biochemistry laboratories in Tian-
jin Chu Hsien-I Memorial Hospital. The combined impact
of these measurements was assessed using a Homeostasis
Model Assessment (HOMA2, www.dtu.ox.ac.uk/homa) to
derive estimates of f-cell function (% B) and insulin sensi-
tivity (S%).

At enrolment all 1273 patients classed as phenotypic
T2DM were assigned to various treatment regimens includ-
ing oral diabetes medication or insulin therapy or combina-
tion of both if the patient could not maintain the target blood
sugar level with diet and exercise.

Autoantibody assays
Serum separated from fasting venous blood sample was

stored at -80 °C. Combined measurements of GADAD,
IA-2Ab and ZnT8Ab were carried out using the recently

@ Springer

developed multiplex 3-Screen ICA™ ELISA (RSR Ltd.,
Cardift, UK) [13]. Briefly, sera (25 pL singly) were incu-
bated (overnight; 2—8 °C) in ELISA plate wells coated with
GAD, IA-2 and ZnT8 followed by a wash step and incuba-
tion (1 h; 2—-8 °C) with biotinylated GAD, IA-2 and ZnT8.
The signal was developed by the addition of streptavidin
peroxidase (20 min at room temperature) followed by a wash
step, addition of tetramethylbenzidine and after 20 min,
stop solution. The optical density (OD) of the plate wells
was measured at 450 nm and 405 nm using an ELISA plate
reader. 3-Screen calibrators (5, 15, 100, 400 and 2000 units/
mL; RSR arbitrary units) were included in each assay, and
samples with OD values above the 2000 units/mL calibra-
tor were defined as greater than 2000 units/mL. The cut-
off value for antibody positivity in the 3-Screen assay (10.0
units/mL) was determined as the 95th percentile of 2534
healthy blood donor (HBD) sera (purchased from Golden
West Biological Vista, CA, USA). All patients sera positive
in 3-Screen (i.e. > 10 units/mL) were tested for GADADb, IA-
2Ab and ZnT8Ab in individual ELISAs [14—16] using kits
from RSR Ltd. Values of GADADb > 5.0 units/mL (NIBSC
97/550 units), IA-2Ab > 7.5 units/mL (NIBSC 97/550 units)
or ZnT8Ab > 15 units/mL (RSR arbitrary units) were con-
sidered positive. These cut-off values were as recommended
in the respective kit instructions. Using these cut-off values
in the Islet Autoantibody Standardization Program 2016
(IASP 2016), 3-Screen ELISA scored 94% sensitivity and
100% specificity, the GADADb ELISA 76% sensitivity and
99% specificity, IA-2Ab ELISA 76% sensitivity and 98%
specificity and ZnT8Ab ELISA 72% sensitivity and 99%
specificity [17-19].

All 3-Screen positive samples were also tested for other
organ-specific autoantibodies, including: thyroid-stimulating
hormone receptor (TSHR) Ab, thyroid peroxidase (TPO)
Ab, thyroglobulin (Tg) Ab and steroid 21-hydroxylase
(21-OH) Ab. These Abs were measured using ELISA kits
from RSR Ltd and following the manufacturer's recommen-
dations, values of TSHRAb > 1.5 units/mL (NIBSC 90/672,
second generation TRAb ELISA), TPOAb > 10 units/mL
(NIBSC 66/387) and TgAb > 65 units/mL (NIBSC 65/093)
were considered positive. Serum 21-OHADb levels > 0.4
units/mL (RSR arbitrary units) were considered positive.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
version 6.07 (GraphPad Software Inc, San Diego, USA).
Most of the data were not normally distributed and were
expressed as median (interquartile range; IQR). Frequency
differences were compared using Chi-square test or Fisher
exact test when appropriate. Nonparametric Mann—Whit-
ney U tests were used to compare the numerical data in any
two groups. The adjusted P value (i.e. false discovery rate P
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Fig. 1 Venn diagram of GADAD, IA-2Ab and ZnT8Ab positivity in
44 patients positive (> 10 units/mL) in 3-Screen ICA™ ELISA

value) was calculated using Benjamini—-Hochberg multiple
testing procedure [20]. For all results, statistical significance
was defined by P or adjusted P <0.05.

Results

Prevalence of diabetes-associated autoantibodies
in T2DM patients

Out of 1273 T2DM patients studied, 44 (3.5%) were
3-Screen positive (> 10 units/mL). In detail, 7 (0.55%) sera
were between 10 and 20 units/mL; 14 (1.1%) between 20 and
100 units/mL; 11 (0.86%) between 100 and 2000 units/mL;
and 12 (0.94%) greater than 2000 units/mL. In this group
of 44 3-Screen positive patients, 35 (80%) were positive for
GADAD, 5 (11%) for IA-2Ab, and 12 (27%) for ZnT8Ab
in the individual autoantibody assays. Thirty-eight (86%)
sera were positive for at least one of GADADb, IA-2Ab and
ZnT8Ab, while six 3-Screen positive samples were found
negative in the individual ELISAs. Eleven (25%) of the 44
patients had at least two detectable autoantibodies, and the
median value in 3-Screen for these 11 patients was greater
than 2000 units/mL (ranged from 49 to greater than 2000
units/mL). For 27 (61%) patients who were positive for one
autoantibody only (24 for GADAD only and 3 for ZnT8Ab
only), the median 3-Screen value was 77.2 units/mL (ranged
from 13.2 to greater than 2000 units/mL). These values can
be compared to a median 3-Screen level of 16.1 units/mL
(ranged from 11.3 to 23.6 units/mL) for the 6 (14%) patients
who were negative for all three antibodies when tested in the
individual autoantibody ELISAs (Fig. 1).

Age distribution of 3-Screen positive patients

In the 1273 patients studied, 36 (2.8%) were younger than
30 years old (range 17 to <30 years old) of which 4/36
(11.1%) were positive in 3-Screen. In the 143/1273 (11.2%)
aged from 30 to <40 years old, 7/143 (4.9%) were 3-Screen
positive. In the 186/1273 (14.6%) of patients aged from
40 to < 50 years, 8/186 (4.3%) were 3-Screen positive.
In the case of 481/1273 (37.8%) of patients between 50
and < 60 years old, 14/481 (2.9%) were 3-Screen positive,
and out of the 427 (33.5%) of patients aged 60 years and
over, 11/427 (2.6%) were 3-Screen positive. 3-Screen posi-
tivity in different age groups of patients was compared using
Chi-square test, and there was no statistically significant dif-
ference between any of the groups (P =0.06).

Clinical features in different patient groups

Tables 1 and 2 show the comparison of the clinical features
of 3-Screen positive and negative patients together with sta-
tistical significance values for the difference between the
two groups in each case. The number of patients who had
diabetic ketoacidosis (DKA) and/or required insulin treat-
ment was significantly higher in the 3-Screen positive group
than in the 3-Screen negative group (37% vs 17%, respec-
tively, for patients with DKA, P <0.05 and 43% vs 25%,
respectively, for patients on insulin treatment, P <0.05).
3-Screen positive patients had significantly lower BMI (24.5
vs 26.0 kg/m?, P <0.05), significantly higher HbAlc (9.2
vs 8.0% (77 vs 64 mmol/mol), P <0.05), significantly lower
fasting insulin levels (11.6 vs 14.4 mIU/L, P <0.05) and
significantly lower fasting C-peptide levels (1.9 vs 2.4 ng/
mL, P <0.05) compared to the 3-Screen negative patients
(Tables 1 and 2). In a homeostatic model HOMA?2 assess-
ment, median HOMA2-B-cell function was significantly
lower (36.7 vs 51.9%, P <0.05) for the 44 3-Screen positive
patients compared to 3-Screen negative patients. However,
HOMAZ? insulin sensitivity and insulin resistance were not
significantly different for the 3-Screen positive patients com-
pared to 3-Screen negative patients (Tables 1 and 2). There
were no statistical differences in terms of patients’ age, sex,
duration of diabetes at sample collection, ratio of waist cir-
cumferences to hip circumferences, systolic and diastolic
blood pressure or fasting blood glucose between 3-Screen
positive and negative patients (Tables 1 and 2). The adjusted
P value in Benjamini—-Hochberg multiple test was statisti-
cally significant for 4 out 7 variables found significantly dif-
ferent in nonparametric test including the number of patients
who had DKA, HbA1c, HOMA?2 B-cell function and fasting
serum C-peptide (adjusted P < 0.05, Tables 1 and 2).

There were no statistically significant differences between
3-Screen positive patients with DKA and/or insulin treat-
ment (n=21) and 3-Screen positive patients without DKA
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Table 1 Clinical features of 3-Screen positive and negative patients with phenotypic type 2 diabetes mellitus (analysed using numeric data)

3-Screen positive (n=44)

3-Screen negative (n=1229)

Significance of difference

P Adjusted P

Age 54 (39-60) 56 (48-61) 0.07 0.11
(years)
Duration of diabetes at sample 2.0 (0.7-3.0) 2.0 (1.0-4.0) 0.25 0.27

collection (months)
BMI 24.5 (22.9-26.8) 26.0 (23.9-28.7) 0.03* 0.07
(kg/m?)
Waist-to-hip ratio 0.91 (0.87-0.96) 0.92 (0.89-0.95) 0.20 0.23
Systolic BP 125 (120-140) 130 (120-140) 0.10 0.13
(mm Hg)
Diastolic BP 80 (80-90) 80 (80-90) 0.11 0.14
(mm Hg)
%HbAlc / 9.2 (7.6-11.0)/ 8.0 (7.0-9.6)/ 0.0007* 0.008%**
mmol/mol HbAlc 77 (60-97) 64 (53-81)
Fasting blood glucose 9.2 (7.6-12.2) 7.3 (4.8-8.6) 0.10 0.13
(mmol/L)
Fasting serum C-peptide 1.9 (1.5-2.9) 2.4 (1.8-3.1) 0.01* 0.04%*
(ng/mL)
Fasting serum insulin 11.6 (7.3-18.1) 14.4 (9.2-21.9) 0.03* 0.07
(mIU/L)
HOMAZ2 B-cell function 36.7 (20-79.4) 51.9 (33.3-80.1) 0.006%* 0.03#%*
B%
HOMAZ2 insulin sensitivity 57.6 (37-83.8) 47.7 (31.2-72.8) 0.07 0.11
S%
HOMAZ? insulin resistance 1.8 (1.2-2.7) 2.1(1.4-3.2) 0.07 0.11
IR

The data did not have a normal distribution and were expressed as median values with interquartile ranges (IQR) in brackets and were compared
by a nonparametric Mann—Whitney U test. *indicates that there was a significant difference (P <0.05) between the two groups. The adjusted
P value was calculated using Benjamini—-Hochberg multiple testing procedure. **indicates that there was a significant difference (adjusted

P <0.05) between the two groups

and insulin treatment (n=23) in terms of the clinical fea-
tures studied except that patients with DKA and/or insu-
lin treatment were much younger (median age of 41 vs
58 years, P <0.05) and had lower systolic blood pressure
(Table 3). In addition, 3-Screen Ab levels in patients with

DKA and/or insulin treatment were significantly higher than
in patients without DKA and insulin treatment (median
717 vs 52 units/mL respectively, P <0.05), and there were
more patients’ samples positive for GADAb or IA-2Ab or
multiple islet autoantibodies (Table 3 and 4). Six patients

Table 2 Clinical features of
3-Screen positive and negative
patients with phenotypic type
2 diabetes mellitus (analysed
using categorical data)

3-Screen Significance of
positive difference
(n=44)
Number of patients and P Adjusted P
percentage (%)
Number of females 14 (32%) 0.43 0.43
(% of total)
Number of patients with DKA 17 (37%) 0.001* 0.008%**
(% of total)
Number of patients on insulin treatment at 18 (43%) 0.02* 0.06

sample collection
(% of total)

The difference in the percentage for the respective variables between two patients' groups was com-
pared using Fisher's exact test. *indicates that there was a significant difference (P <0.05) between the
two groups. The adjusted P value was calculated using Benjamini—Hochberg multiple testing procedure.
**indicates that there was a significant difference (adjusted P < 0.05) between the two groups
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positive in 3-Screen but negative in the individual ELISAs
had similar clinical features to the 1229 3-Screen negative
patients in terms of their BMI of 26.6 (24.9-31.2) kg/m2,
HbAlc 8.4 (7.0-9.7) % (68 (53—-83) mmol/mol), fasting
insulin level 16.9 (10.0-21.0) mIU/L, fasting C-peptide
level 2.8 (1.9-3.8) ng/mL and HOMAZ2-p-cell function 58.4
(23.2-105) % (Table 1).

Other autoantibodies

Non-diabetes autoantibodies were detected in 20/44 (45%)
3-Screen positive patients who were positive for at least one
thyroid autoantibody (TPO Ab and/or Tg Ab and/or TSHR
Ab), while none were positive for the adrenal autoantibody
21-OHADb. In the case of the 20 thyroid autoantibody posi-
tive patients, 4 had hypothyroidism coincident with diabe-
tes with raised TSH levels (6.8—23.8 mIU/L) and lower
or normal fT4 levels of 9.4 -13.5 pmol/L. One had a TSH
level below the normal range (0.026 mIU/L) and normal fT4
(19.7 pmol/L); however, this sample was TSHR Ab negative.
There were no statistically significant differences between
thyroid autoantibody positive and negative patients in terms
of clinical features analysed except for median systolic blood
pressure which was significantly higher (130 vs 120 mm Hg,
P <0.05) in thyroid autoantibody positive patients.

Discussion

Assays for individual islet cell autoantibodies including
GADADb, IA-2Ab and ZnT8Ab are sensitive, specific and
standardized [17-19] but are not designed for screen-
ing large numbers of samples due to cost and assay time.
3-Screen is a novel ELISA for the combined measurement
of Abs to GAD, to IA-2 and to ZnT8 in a single serum sam-
ple, and there is good agreement between ELISA results for
individual autoantibodies and 3-Screen [13]. 3-Screen has
been found to be an excellent tool for screening populations
to predict TIDM development. For example, in the TIDM
Frlda study 90,632 Bavarian children were screened initially
with 3-Screen and 280 (0.31%) were found positive for mul-
tiple B-cell autoantibodies [21].

In this study, we used 3-Screen to identify a specific
disease phenotype associated with the presence of p-cell
autoantibodies in a relatively large number (n=1273) of
Chinese patients with adult onset T2DM. Forty-four (3.5%)
patients were positive in 3-Screen and consequently classed
as LADA. This can be compared with 5.9% of patients with
adult onset diabetes reported to be positive for GADADb in a
large multicentre Chinese national study [5]. Furthermore,
the ADOPT study reported GADAD positivity of 4.7% in
recently diagnosed T2DM patients in North America and
3.7% in Europe [3].

We found no statistically significant differences for
3-Screen positivity in the different age groups of our
patients. There was, however, a trend for lower positivity as
age increased with 11% of patients below the age of 30 years
3-Screen positive, 4.6% of patients between 30 and 50 years
of age and 2.8% of patients older than 50 years positive.
Such a trend was also reported in the UKPDS study where
35% of newly diagnosed T2DM patients aged 25-34 years
had islet cell antibody (ICA) and/or GADAb compared with
9% in the 55 to 65-year age group [2]. In contrast, in the
LADA China study 5, GADADb, [A-2Ab, ZnT8Ab and insu-
lin Ab positivity did not show significant variations with
age in a population of T2DM patients aged from 30 years to
over 60 years [8].

The majority (80%) of 3-Screen positive patients in our
study were positive for GADADb, 27% of patients positive
for ZnT8Ab and 11% positive for IA-2Ab in the respective
individual autoantibody assays. These results are in agree-
ment with previously reported prevalence of GADADb of 96%
in patients with adult-onset autoimmune diabetes compared
to ZnT8Ab and IA-2Ab of 22.1% and 19.6%, respectively
[7,22]. Although the majority of our 3-Screen positive (i.e.
LADA) patients were positive for GADAD, three patients
(7%) were positive for ZnT8Ab only. Therefore, ZnT8Ab
may have an additive value to GADAD in identifying LADA
patients. This is in agreement with 90% of LADA patients
reported positive for GADAb, while 10% were positive for
IA-2Ab and/or ZnT8Ab only in the European Action LADA
study [23]. Similarly, 96% of LADA patients had detectable
GADAD while 4% had IA-2Ab and/or ZnT8Ab only in the
Italian NIRAD study [7]. In contrast, a higher proportion
of LADA patients (33%) had insulin autoantibodies and/or
IA-2Ab and /or ZnT8AD rather than GADAD in the LADA
China Study 5 [8].

Out of the 44 3- Screen positive samples, 38 were positive
in at least one individual autoantibody ELISA. In the case
of the six 3-Screen only positive samples, 4/6 had levels of
GADAD in the ELISA just below the assay cut-off (4.0-4.7
units/mL). Such low concentrations of GADADb as observed
in these 4 patients may produce an enhanced GADAD sig-
nal under the 3-Screen assay conditions. This is most likely
related to differences in the assay protocols for the GADAb
ELISA compared to 3-Screen ELISA. 3-Screen test sam-
ples are incubated in antigen-coated plate wells overnight
at 4 °C while just for 1 h at room temp in the GADAD assay.
The longer incubation time may well favour higher binding
of low concentrations of GADADb to GAD coated on the
3-Screen ELISA plates. In addition, increased assay sen-
sitivity with the same specificity has been reported for the
GADAD ELISA for TIDM patient sera with longer incuba-
tion times [24]. Another reason could be an additive sig-
nal in 3-Screen from individual antibodies present at low
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concentrations which were below the cut-off in the individ-
ual autoantibody assays.

This study aimed to assess the differences in require-
ment for insulin treatment and HOMA?2 and/or HbAlc in
patients with or without diabetes autoantibodies. Compared
to 3-Screen negative patients (n=1229), the positive patients
(n=44) had lower BMI, higher HbA lc, lower fasting insu-
lin level, lower fasting C-peptide level, lower HOMA2-f-
cell function and higher prevalence of DKA and/or insulin
treatment, all consistent with typical LADA characteristics
(Tables 1, 2).

Furthermore, 3-Screen positive patients who had DKA
and/or required insulin treatment (n=22) were younger had
higher 3-Screen Ab levels, higher positivity for GADADb,
for IA-2Ab and for multiple islet autoantibodies compared
to patients without DKA and insulin treatment. However,
there were no significant differences in p-cell function
assessment using HOMA?2 between 3-Screen positive and
negative patients (Tables 3 and 4). It has been shown that
some adult patients may retain residual p-cell function suf-
ficient to prevent ketoacidosis for many years although such

individuals eventually become dependent on insulin for sur-
vival [11, 25, 26].

In this study 3-Screen negative samples were not tested in
assays for individual autoantibodies and the possibility that
some of these samples were positive for one or more indi-
vidual autoantibodies cannot be excluded. Although this is
a limitation of the study, the positivity for individual diabe-
tes autoantibodies in 3-Screen negative patients is very rare
[13]. Furthermore, all 44 patients found positive in 3-Screen
were from one hospital which may be an additional limita-
tion of this study. Consequently, a future study on a larger
population would be helpful to confirm 3-Screen positivity
among T2DM patients.

The association of autoimmune diabetes with other
organ-specific autoimmune diseases is well known [27-31].
Our finding that 20 /44 (45%) 3-Screen positive patients
were positive for at least one thyroid autoantibody and 4/20
(20%) of these were biochemically hypothyroid is consist-
ent with the previous observations and suggests that islet
cell autoantibody positive adult-onset diabetes patients are
at risk of developing associated autoimmune conditions in
particular, autoimmune thyroid disease. However, none of

Table 3 Features of 3-Screen positive patients with or without DKA and/or insulin treatment (analysed using numeric data)

All 3-Screen

3-Screen positive patients without

3-Screen positive patients with Significance of

positive patients DKA and insulin treatment (n=23) DKA and/or insulin treatment difference (P)
(n=44) (n=21)
Median value and range (IQR)
Age (years) 54 (39-60) 58 (49-62) 41 (33-58) 0.01%*
Systolic BP (mm Hg) 125 (120-140) 130 (120-140) 120 (118-126) 0.006*
3-Screen Ab level (units/mL) 134 (34 > 2000) 52 (18-154) 717 (92 > 2000) 0.006*

The data did not have a normal distribution and were expressed as median values with interquartile ranges (IQR) and were compared by a non-
parametric Mann—Whitney U test. *indicates that there was a significant difference (P <0.05) between the two groups

Table 4 Features of 3-Screen positive patients with or without DKA and/or insulin treatment (analysed using categorical data)

All 3-Screen

3-Screen positive patients without 3-Screen positive patients with

Significance of

positive patients DKA and insulin treatment DKA and/or insulin treatment difference (P)
(n=44) (n=23) (n=21)
Number of patients and percentage (%)
Number GADADb positive 35 (80%) 15 (65%) 20 (95%) 0.01*
Number IA-2Ab positive 5(11%) 0 (0%) 5 (24%) 0.01*
Number ZnT8ADb positive 12 (27%) 4 (17%) 8 (38%) 0.12
Number with at least 2 diabetes 11 (25%) 1 (4%) 10 (48%) 0.0009*
Ab positive
Number with at least 1 diabetes 38 (86%) 18 (78%) 20 (95%) 0.10
Ab positive
Number with at least 1 thyroid 20 (46%) 10 (43%) 10 (48%) 0.55

Ab positive

The difference in the percentage for the respective variables between two patients' groups was compared using Fisher's exact test. *indicates that

there was a significant difference (P <0.05) between the two groups
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the 44 3-Screen positive patients were positive for the adre-
nal autoantibody 21-OHADb.

Overall, our studies indicate that the simple, sensitive
and specific 3-Screen ICA™ ELISA is a convenient and
cost-effective one-step strategy for screening of patients
with adult onset T2DM in clinical practice and therefore
has advantage compared to individual autoantibody assays.
In particular, we have demonstrated that adult onset diabetes
patients who are 3-Screen positive present a characteristic
clinical phenotype associated with poor p-cell function and
should be monitored more closely particularly with respect
to their requirement for insulin. Identifying 3-Screen posi-
tivity in adult onset T2DM may lead to personalized medi-
cine aimed at longer preservation of p-cell function, and
ultimately, application of 3-Screen in clinical practice is
expected to benefit the patients and reduce the burden on
the health service.
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