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Background: We designed this study to develop and validate a prevalence model for latent autoimmune diabetes in adults
(LADA) among people initially diagnosed with type 2 diabetes mellitus (T2DM).

Material/Methods: The study recruited 930 patients aged >18 years who were diagnosed with T2DM within the past year.
Demographic information, medical history, and clinical biochemistry records were collected. Logistic regression
was used to develop a regression model to distinguish LADA from T2DM. Predictors of LADA were identified
in a subgroup of patients (n=632) by univariate logistic regression analysis. From this we developed a predic-
tion model using multivariate logistic regression analysis and tested its sensitivity and specificity among the
remaining patients (n=298).

Results: Among 930 recruited patients, 880 had T2DM (96.4%) and 50 had LADA (5.4%). Compared to T2DM patients,
LADA patients had fewer surviving B cells and reduced insulin production. We identified age, ketosis, histo-
ry of tobacco smoking, 1-hour plasma glucose (1hPG-AUC), and 2-hour C-peptide (2hCP-AUC) as the main
predictive factors for LADA (P<0.05). Based on this, we developed a multivariable logistic regression model:
Y=-8.249-0.035(X1)+1.755(X2)+1.008(X3)+0.321(X4)-0.126(X5), where Y is diabetes status (0=T2DM, 1=LADA),
X1 is age, X2 is ketosis (1=no, 2=yes), X3 is history of tobacco smoking (1=no, 2=yes), X4 is 1hPG-AUC, and X5
is 2hCP-AUC. The model has high sensitivity (78.57%) and selectivity (67.96%).

Conclusions: This model can be applied to people newly diagnosed with T2DM. When Y >0.0472, total autoantibody screen-
ing is recommended to assess LADA.
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Background

The global prevalence of diabetes mellitus (DM) is on the rise.
According to the International Diabetes Federation (IDF) 2019
Diabetes Atlas [1], diabetes is one of the fastest growing health
challenges of the 215 century, with prevalence more than tri-
pling over the past 20 years. In 2019, an estimated 9.3% of
adults aged 20-79 years were living with diabetes (463 million
adults). Furthermore, it is estimated that 1 in 2 adults with
diabetes are undiagnosed (232 million people). In China, the
state of DM is characterized by high prevalence and low rates
of diagnosis, making disease management very challenging.
In 2019, China had the largest number of adults with diabetes
in the world, at 116.4 million, and this is projected to reach
147.2 million by 2045.

Tuomi et al first identified latent autoimmune diabetes in adults
(LADA) in 1993 [2]. The Immunology of Diabetes Society (IDS)
established diagnostic standards for LADA in 2005, and these
have been recognized internationally [3]. In 2012, the Chinese
Diabetes Society (CDS) published a consensus for LADA diag-
nosis and treatment in the Chinese population, thus establish-
ing the diagnostic standards for LADA in China. According to
these standards, LADA is defined by: 1) diabetes diagnosis at
age >18 years; 2) islet autoantibody positivity (first with se-
rum glutamic acid decarboxylase antibody [GADA], followed
by insulinoma-associated antigen-2 antibody [IA-2A], and zinc
transporter 8 antibody [ZnT8A] to increase the detection rate);
3) no insulin requirements for at least 6 months after diagno-
sis [4]. LADA is a slowly progressing form of T1D with onset in
adulthood [5]. Moreover, according to the WHO Classification
of Diabetes Mellitus 2019, LADA is defined as a new type of
diabetes, and is a slowly evolving, immune-mediated diabetes
of adults [6]. It is associated with many TIDM and T2DM sus-
ceptibility gene variants because of shared pathogenic mech-
anisms between these different forms of diabetes [5].

It is estimated that 7-15% of diabetes cases are initially mis-
diagnosed as the wrong diabetes subtype [7]. Few clinics per-
form antibody testing on every single T2DM patient given the
high cost and limited availability of autoantibody tests, com-
bined with the fact that only approximately 5-10% of people
newly diagnosed with diabetes test positive for GADA [8,9]. For
this reason, it is particularly important to develop predictive
models to calculate an individual’s likelihood of having LADA
as opposed to T2DM, thereby targeting a subset of likely LADA
patients for autoantibody testing to confirm LADA diagnosis,
and, if possible, initiate earlier insulin treatment. A study that
followed LADA patients for 3 years showed that treatment
with low doses of insulin can preserve residual p cell function,
thus slowing disease progression [10]. Therefore, without the
correct DM diagnosis, LADA patients are unlikely to receive
the most effective treatment. However, due to differences in
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professional and testing abilities between hospitals and dif-
ferences in patients’ ability to afford testing and treatment,
it is nearly impossible to perform autoantibody testing in all
newly diagnosed DM patients. Therefore, the aim of the pres-
ent study was to develop a predictive model for LADA preva-
lence among patients diagnosed with T2DM to support bet-
ter diagnostics and clinical decision-making.

Material and Methods

Study Subjects

Patients at the Center for Special Diagnosis at the Diabetes
Clinic of Tianjin Medical University Hospital for Metabolic
Syndromes were recruited into the present study between
May 2015 and April 2018. The study enrolled a total of 930
patients aged >18 years and with a <1 year history of diabe-
tes. Among them, 880 had T2DM and 50 had LADA. Following
a 2: 1 ratio, 632 patients enrolled from June 2015 to December
2016 were assigned to the model development group and
298 patients enrolled from January 2017 to April 2018 were
assigned to the model validation group. A LADA prevalence
model was developed based on the data from the model de-
velopment group and was then validated using data from the
model validation group.

Data Collection

Participants completed standard questionnaires and under-
went a physical examination at the Diabetes Clinic. General
information, diabetes status, other disease history, family his-
tory of chronic diseases, and personal history were collected
from the participants through questionnaires. We measured
and recorded height, weight, waist circumference, and hip cir-
cumference and used these to calculate body mass index (BMI)
and waist-hip ratio (WHR). We additionally measured glyco-
sylated hemoglobin Alc (HbAlc) and performed a 75-g oral
glucose tolerance test (OGTT), an insulin releasing test (IRT),
and a C-peptide releasing test (CRT) at different time points
(1-hour and 2-hour). The area under the curve (AUC) for plas-
ma glucose (PG), insulin (INS), and C-peptide (CP) at the first
and second hours were calculated according to the approxi-
mate trapezoid area formula. The HOMA2 calculator was used
to calculate the homeostasis model assessment of insulin re-
sistance index (HOMA2-IR) and pancreatic beta cell function
(HOMA2-B). Pancreas autoantibody testing was performed by
trained professionals using an enzyme-linked immunosorbent
assay (ELISA) testing kit from RSR Company. Three autoanti-
bodies were analyzed: serum glutamic acid decarboxylase an-
tibody (GADA), insulinoma-associated antigen-2 antibody (IA-
2A), and zinc transporter 8 antibody (ZnT8A).
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Exclusion Criteria

—_

. People who did not meet standard diagnostic criteria for DM
and patients with possible or certain diagnosis of TIDM, ges-
tational diabetes mellitus (GDM) [11], or secondary DM;

2. Patients who tested positive for pancreas autoantibodies,
including GADA, IA-2A, and ZnT8A, but had not been treat-
ed with insulin and had a <6-month history of DM;

3. Patients with incomplete medical records or clinical testing

records.

Statistical Methods

Statistical analysis was performed using SPSS 25.0 software.
Data that satisfied the normal distribution and the uniform
variance were compared with the 2 independent-samples ¢ test;
otherwise, the Wilcoxon rank sum test was used. Categorical
data were compared using the y?2 test or Wilcoxon rank sum
test. The predictors related to LADA diagnosis in T2DM were
identified by univariate logistic regression analysis, and then
the regression model was established by multivariate logis-
tic regression analysis. The Hosmer-Lemeshow test was used
to assess the degree of fit for the evaluation model. The area
under the receiver operating characteristic (ROC) curve of pre-
diction probability was used to evaluate the discrimination of
the model in the model validation group. The Youden index
[12] was calculated according to the sensitivity and specific-
ity of the ROC curve coordinate points, and the cut-off point
of the model predictive value was determined by combining
the statistical index with the clinical situation. P values<0.05
were considered statistically significant. Statistical figures were
generated using GraphPad Prism 8.0.1 software.

Results

Comparison between patients with T2DM and LADA

We excluded 123 people in this study, including 112 people
who did not meet standard diagnostic criteria for DM and pa-
tients with possible or certain diagnosis of TIDM, gestation-
al diabetes mellitus (GDM), or secondary DM; 3 patients who
tested positive for pancreas autoantibodies including GADA,
IA-2A, and ZnT8A but who had not been treated with insulin
and had a <6-month history of DM; and 8 patients with incom-
plete medical records or clinical testing records. A total of 930
patients were enrolled in the present study, of whom 880 had
T2DM (94.6%) and 50 had LADA (5.4%). As shown in Table 1,
between the T2DM and LADA patient groups, no statistically
significant differences were detected with respect to sex, eth-
nicity, education level, typical symptoms of DM (ie, polydip-
sia, polyphagia, polyuria, emaciation), eye floaters, arm and
leg numbness, personal disease history (including high blood
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pressure, coronary heart disease, and high blood lipids), fam-
ily disease history, and history of alcohol drinking. Compared
with T2DM patients, LADA patients were younger and more
likely to have a history of tobacco smoking and ketosis. No
statistically significant differences were found between LADA
and T2DM patients with respect to BMI, WHR, and BMI class.
However, LADA patients had a lower rate of abdominal obesi-
ty. Patients with LADA had higher HbA1c, FPG, 1hPG, and 2hPG
than T2DM patients, but lower 1hINS, 2hINS, FCP, 1hCP, and
2hCP. No differences in fasting insulin (FINS) were detected
between the 2 groups. Compared with the T2DM group, the
LADA group had lower CP-AUC, 1hCP-AUC, 2hCP-AUC, INS-
AUC, 2hINS-AUC, and HOMA2-B and higher PG-AUC, 1hPG-
AUC, and 2hPG-AUC.

Comparison Between the Model Development and Model
Validation Groups

In the study there were 32 LADA patients in the model devel-
opment group and 18 LADA patients in the model validation
group. Age, rate of ketosis, rate of abdominal obesity, and rate
of history of tobacco smoking did not differ significantly be-
tween the model development group and the model validation
group (P>0.05). Compared to the model validation group, the
model development group had higher HbAlc and 1hCP and
lower 2hINS (P<0.05). However, no statistically significant dif-
ferences were observed between the 2 groups with respect to
FPG, 2hPG, FINS, 1hINS, FCP, and 2hCP; 1hPG-AUC and 1hCP-
AUC were higher in the model development group than the
model validation group. There were no significant differences
between the groups for PG-AUC, 2hPG-AUC, INS-AUC, 1hINS-
AUC, 2hINS-AUC, CP-AUC, 2hCP-AUC, and HOMA2-§ (Table 2).

Single-Variable Logistic Regression Analysis for the Model
Development Group

Single-variable logistic regression analysis in the model devel-
opment group indicated that age, ketosis, a history of tobacco
smoking, HbAlc, FPG, 1hPG, 2hPG, 1hCP, 2hCP, PG-AUC, 1hPG-
AUC, 2hPG-AUC, CP-AUC, 1hCP-AUC, 2hCP-AUC, and HOMA2-3
were correlated with diagnosis of LADA (P<0.05) (Table 3).

Development of A Multivariable Logistic Regression
Analysis and Prediction Model in the Model Development
Group

According to single-variable logistic regression analysis, 16 fac-
tors are correlated with the diagnosis of LADA. However, con-
sidering the collinear relationship between independent vari-
ables and the clinical significance of each independent variable,
it was not appropriate to include all 16 factors in the logistic
regression model at the same time. The corresponding degrees
of fit and differentiation were evaluated in the optimal model
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Table 1. Comparison of the clinical features among patients with T2DM vs LADA.

Clinical features T2DM (n=880) LADA (n=50)

Age 56 (49, 62) 55 (41, 59) -2.497 0.013
Csex 1610 0204
"""" Men sy L% 3 @qoow
CEhicty 1757 0415
"""" EthnicHan  8ss (972%) 47 (940%
Educationlevel . so8 o2
"""" Elementaryschool 59 (7% 3 €o0%
© juniorhighschool 34 @57 10 oow
"""" Highschool 295 (335% 22 (@ao0w
"""" Universty 212 (4% 15 Goow
Polydipsiaor polyphagia or polyuria (yes) 372 (423%) 28 (560%) 0058 0810
Emaciation (yes) 68 (418%) 25 (500%) 12908 0255
CEyefloatersyes) 252 (86%) 10 (00%) 1744 o187
 Amand leg numbness (yes) 275 (313%) 16 (20% 0012 0911

High blood pressure (yes) 423  (48.1%) 20 (40.0%) 1.235 0.266
Coronary heart disease (yes) 209 (23.8%) 10 (20.0%) 0.370 0.543
High blood lipids (yes) 505 (57.4%) 34 (68.0%) 2.187 0.139

Diabetes (yes) 472 (53.6%) 27 (54.0%) 0.003 0.960
"""" Coronary heart disease (yes) 335 (381%) 13 (260% 2943 0086
"""" Highblood pressure (yes) 530 (602%) 30 (600% 0001 0975
Ketosis(e) 53 (60% 10 (00% 12506 woo1
CSsmokingbes) 439 @99% 39 (80% 14969 w001
Alcohol drinking (yes) 254 (89%) 10 (00%) 1828 0176
Abdominalobesity 747 (®49% 36 (20% 5904 0015

HbA1c (%) 7.70 (6.90, 8.78) 8.10 (7.30,9.60) -2.479 0.013
"""" FPG (mmol) 841 (751,958 917 (7651173 2401 0016
"""" PG mmol) 16862257 1865$305  -4742 <0001
"""" 2hPG (mmoll) 1691 (1479,1927) 19288490 3193 0001
"""" FNS(miU/) 1465 (997,2118) 1328 (873,2092) -1033 0301
"""" IhINS (miU) 4809 (3268,7256) 3885 (17.08,7147) -2236 0025
"""" 2hINS (mIUA) 5829 (3901,90.44) 4090 (2321,7490)  -3.086 0002
"""" FCP(g/m) 239 (190,304) 200 (171,295  -199 0046
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Table 1 continued. Comparison of the clinical features among patients with T2DM vs LADA.

Clinical features T2DM (n=880) LADA (n=50) Z/t]y?

1hCP (ng/ml) 5.00 (3.98, 6.25) 4.49+2.17 -2.814 0.005
"""" oheP(ng/m) 648 (526829 568128 3666 <0001
CPancreatic pcell function
"""" PGAUC 2959 (26583267) 3331+650 393 <0001
”””” PGAUC 1267 (1152,1405) 1435286 3202 0001
”””” 2PGAUC 1686 (15051873) 1896378 3176 0001
”””” INS-AUC 8567 (585513127) B8L50s53.33 2474 0013
"""" IhiNSAUC 3204 (2149,47.97) 2746 (1174,4611) 1643 0100
"""" JhiNsAUC 5434 (3652,8193) 4091 (2039,7530) 2080 0038
"""" cAUC 957 (73,1172 8491385 3049 0002
"""" lhchAUC 376 (303,463  341xl4s 2430 0015
”””” ohcPAUC 580 (467,724 5088247 2798 0005

HOMA2- (%) 52.55 (41.33, 67.70) 4830 (26.35, 64.25) -2.818 0.005

containing 5 independent variables was finally selected after
the combination analysis of a variety of different variables. We
selected 5 single variables after considering the clinical sig-
nificance of these factors and the correlations between them.
These were age, ketosis, history of tobacco smoking, 1hPG-
AUC, and 2hCP-AUC (Table 4).

Evaluation of the Predictive Model

Moreover, Hosmer-Lemeshow testing showed %2=12.687 and
P=0.123, indicating that the model fits the data well. The
area under the ROC curve generated by the probability pre-
diction in the validation group was 0.757 (P<0.05) (Figure 1).
The Youden index was calculated according to the sensitivi-
ty and specificity at the origin. When Y=0.0472, sensitivity is
78.57% and selectivity is 67.96%. The Youden index reached
its maximum value of 0.47 under these conditions, so 0.0472
was set as the model intercept.

Discussion

This study identified people with LADA among a population
of patients recently diagnosed with T2DM and we developed
a prediction model for LADA based on clinical characteristics.

In our study, 5.4% of the population had LADA. For comparison,
a 2011 study from Tianjin reported that 9.2% of people first
diagnosed with T2DM had LADA [13]. This discrepancy may
be due to different study populations and sample sizes. The

2011 study included 8109 patients aged >15 years from 27
communities in 3 districts in Tianjin, while our study included
930 patients aged >18 years exclusively from the Center for
Special Diagnosis, Diabetes Clinic of Tianjin Medical University
Hospital for Metabolic Syndromes. In a 2013 multi-center study
from China [8], the LADA prevalence among people aged >30
years first diagnosed with T2DM was 5.9%, which is compa-
rable with the present study. Discrepancies in the literature
could reflect differences in study populations. Furthermore,
among people with >6-months history of diabetes who test
positive for pancreas autoantibodies and have not received
insulin treatment, it can be difficult to distinguish between
LADA and typical TIDM due to the recency of diagnosis. For
this reason, patients with these characteristics were not in-
cluded in the present study. This may have affected the LADA
prevalence calculation in the present study, as some of the ex-
cluded patients may have had LADA.

In the present study, age emerged as an important risk factor
for T2DM and LADA. This is in line with a previous report from
Carlson et al [14]. A review [15] compared the clinical charac-
teristics of LADA and T2DM, indicating that LADA is typical-
ly diagnosed in people aged >30 years, while T2DM usually
occurs in adulthood and rarely in childhood or adolescence.
Cross-sectional studies from China [13] and Nigeria [16] show
that LADA frequently occurs at ages 50-59 years.

HOMA2-B (%) is used to evaluate an individual’s pancreatic 8
cell function, with lower values indicating greater p cell dysfunc-
tion. In the present study, HOMA2- values were significantly
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Table 2. Comparison of the clinical features between model development and validation groups.

Model development group

Clinical features

Model validation group

(n=632)
Age 57 (49, 61)
Ketosis 46 (7.3%)

FPG 8.43 (7.60, 9.68)
"""" e 1om2st
”””” PG 1695 (14851937)
"""" NS 4748 (3175,7139)
"""" NS 5570 (36.23,8894)
"""" P 241 190,308
"""" thee 508 (399,630
"""" e 648 (521,837

PG-AUC 30.02 (26.83, 32.85)
"""" PGAUC 1286 (1163,1411)
"""" hPG-AUC  17.08 (15.19,1881)
"""" NS-AUC 8337 (5662,12750)
"""" hINSAUC 3170 (118,4751)
"""" shiNS-AUC 5155 (34817855
"""" caUC 967 1741193
"""" IhcP-AUC 379 (306,465
"""" dhcpaUC 583 (465,729)

HOMA2-B (%) 52.90 (41.23,67.48)

(n=298) Z/tly? P value
56 (47,62) -0.366 0.714
"""""""" 17 7% 0794 0373
""""""" 29 36%) 0133 0715
""""""" 142 @77% 2464 0116
"""""""" 76 (68,87) 2602 0009
""""""" 842 (744,958 0748 0454
ez 1966 0050
© 1725:364 0398 0691
4797 (G270,7533) 0397 0691
084 4122,9335) 1965 0049
""""""" 231 (185,302 1413 0158
""""""" 481 (378,613 2179 0029
""""""" 638 (513,7.99) 1073 0283
2031 (631,3291) 1375 0169
"""""" 1253 (1131,1417)  -1997 0046
"""""" 1686 (14.86,1892) 0859 0390
8611 (606513545) 0953 0341
3202 (0149,4849) 0307 0759
"""""" 5624 (38.05,8614) 1278 0201
""""""" 926 (7451163 1948 0051
""""""" 357 (281,459 2009 0036
563 451,698 1684 0092
"""""" 5035 (40.05,6770) 0487 0626

lower among LADA patients than T2DM patients. Additionally,
1- and 2-hour C-peptide and 1- and 2-hour insulin levels were
lower among LADA patients, indicating that pancreatic f cell
function had already started to decrease even at an early stage
of disease. Consistent with other studies [17,18], the number of
remaining pancreatic  cells and insulin secretion levels were
also lower among LADA patients. Compared to T2DM patients,
LADA patients require insulin to control blood sugar early in
the disease [19]. A cross-sectional study from Nigeria [16] re-
ported that the expression of GAD autoantibodies in T2DM pa-
tients is corelated with the use of insulin. A higher percentage
of LADA patients use insulin to control blood glucose, while

only 19% in the GADA-negative population use insulin as a
treatment. GADA is the most common biomarker used to dis-
tinguish people with LADA from those with T2DM. However,
recent transcriptomics analysis has pointed to the possibility
of novel LADA biomarkers [20,21].

Tobacco smoking is linked with LADA. Consistent with the
present study, past studies have indicated that smokers with
higher levels of GAD autoantibody and lower C-peptide lev-
els have a higher risk of developing LADA than non-smokers
[22]. However, in a 22-year follow-up study from Norway, to-
bacco smoking reduced the risk of LADA, and the reduced risk
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Table 3. Single-variable logistic regression analysis in the model development group.

95% Cl
Clinical features

HOMA2-f (%) 0.980 0.961 1.000 0.045

OR - odds ratio; Cl — confidence interval.

Table 4. Estimated regression coefficient, probability, and OR after the selection of single factors.

95% Cl
Clinical features
Lower limit Lower limit

Constant -8.249 14.533 <0.001 0.000

B — regression coefficient; Wald 2 — Wald Chi-square value.
Regression equation: Y=-8.249-0.035X1+1.755X2+1.008X3+0.321X4-0.126X5.
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ROC curve

1.0

0.8

0.6

- 0.4 The area under the
curve: 0.757
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0

1-specificty

Figure 1. ROC curve of the predicted model in the validation
group. (The probability prediction of the predicted
model distinguishing LADA patients among diabetes
patients in adults was 0.757)

was positively associated with the number of pack-years [23].
Some studies [24,25] suggest that the nicotine from tobac-
co could participate in the immune response and inflamma-
tion reaction that underlies LADA, but the underlying mecha-
nisms are still under debate. In a LADA case-control study on
smoking in the general population [26], no protective effect
of smoking was observed for autoimmune and LADA risk. In
contrast, heavy smoking increased the risk of LADA. Compared
with never-smokers, HOMA-IR and HOMA2- levels are high-
er among heavy smokers, while GADA levels are lower. This
could indicate more severe insulin resistance caused by to-
bacco smoking [27].

Buzzetti et al [15] compared genetic, metabolic, and clinical
characteristics of LADA and T2DM in a review of autoimmune
diabetes in adults. The prevalence of ketosis was low in both
the LADA and T2DM populations. However, in the present study,
ketosis emerged as a predictive factor that increases the risk
of LADA onset. Studies from China, Ghana, Switzerland, and
Australia [15,28-31] showed that LADA patients had higher
rates of risk factors, including overweight/obesity, high blood
pressure, abnormal blood lipids, smoking, and alcohol, use com-
pared to non-LADA patients. A study from Ghana [29] found
that T2DM patients who were autoantibody-negative had a
higher rate of abdominal-type obesity. Furthermore, their clini-
cal and metabolic biomarkers could not be used to distinguish
LADA patients from T2DM patients.

Wang Z. et al:
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As the prevalence of chronic disease grows, clinical predictive
models have become a popular subject in clinical research.
The development of diagnostic or post-treatment predictive
models based on the clinical characteristics of an individual
enables the calculation of the probability of developing a cer-
tain disease or predicting an individual’s clinical status after
treatment. This approach has great significance for the screen-
ing of high-risk populations, personalized disease prevention,
communication between physicians and patients, and ear-
ly interventions.

To date, several studies have developed predictive models for
the prevalence of diabetes or its prognosis after treatment,
but few studies have brought predictive models to bear on the
different subtypes of diabetes [32-35]. As a subtype of T1IDM,
LADA is significantly different from T2DM on a population ba-
sis. However, LADA and T2DM have similar clinical symptoms
and metabolic characteristics on an individual basis. LADA is
often misdiagnosed as T2DM if pancreatic autoantibody test-
ing cannot be performed in a timely manner. GAD antibody
testing could provide important information regarding appro-
priate therapy and would save costs related to inappropriate
initial diabetes treatment and the development diabetic com-
plications. However, it is highly impractical to perform antibody
testing on every T2DM patient given the limited availability
of autoantibody tests. For this reason, it is particularly impor-
tant to develop predictive models to calculate an individual’s
likelihood of having LADA as opposed to T2DM, thereby tar-
geting individual patients for autoantibody testing to confirm
LADA diagnosis, and, if possible, initiate earlier insulin treat-
ment. In a study by Brophy et al [36], the median time to re-
ceiving insulin treatment was earlier in the clinics where GAD
antibody testing was performed than in those where it was
not. To distinguish LADA patients from T2DM patients, a “clin-
ical risk score for LADA” was developed after analyzing signif-
icant differences in clinical parameters between the 2 groups
[28]. In this retrospective study, 5 factors were identified as
components of the clinical risk score for LADA: age of onset
<50 years, the typical symptoms of DM (polydipsia, polypha-
gia, polyuria, emaciation), BMI <25 kg/m?, and personal and
family history of autoimmune disease. Cases with at least 2
of the 5 parameters had 90% sensitivity and 71% selectivity,
and the predictive value was 99% for clinical risk scores <1.

LADA patients are a heterogeneous group, making the stan-
dardization of treatment very difficult [15]. Individualized
treatment plans are developed to improve blood glucose con-
trol and insulin sensitivity according to each patient’s clinical
characteristics. This cross-sectional study compared clinical
characteristics and differences in pancreatic B cell function
between T2DM and LADA patients to establish a clinical pre-
dictive model. It calculates the probability of LADA in patients
initially diagnosed with T2DM based on clinical information
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and laboratory testing results and is therefore well-suited to
a local hospital setting where it is not feasible to test autoan-
tibodies in every T2DM patient. Our model provides a quanti-
tative tool for clinical recognition of LADA, and has important
clinical significance for accurate diagnosis and the timely ini-
tiation of individualized treatment.

Given the present study’s cross-sectional design, it is possible
that selection bias and information bias may have impacted
the results. To minimize this, patients were recruited by strict
selection criteria and a sufficiently large research population
was collected to truly reflect the conditions of patients with
LADA and T2DM. However, the predictive model developed
in the present study is not perfect. First, the samples for the
present study were from a single medical center. Although pa-
tients from both urban and suburban areas of Tianjin were re-
cruited, the model development and validation groups were
derived from different time periods. The model can there-
fore be considered a validation of internal samples, and ex-
ternal validation with data from outside medical centers is
required. Second, blood glucose, insulin, and C-peptide lev-
els from the OGTT were only tested at baseline (fasting) and
at 1- and 2-hour timepoints. These parameters were not col-
lected at 30 minutes and 3 hours. As a result, the OGTT-blood
glucose and C-peptide AUCs collected here were not as accu-
rate and precise as the standard 5-point curve. Third, evidence
from studies of human pancreata indicate that beta cell mass
is more decreased in LADA than in T2DM [37]. However, beta
cell mass could not be assessed in this study and was there-
fore not included in the model. Fourth, the study had a limit-
ed sample size (including only 50 participants with LADA), so
future studies should include patients from additional centers
in order to improve the predictive aL1 ccuracy of the model.
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Conclusions

Age, ketosis, a history of tobacco smoking, 1hPG-AUC, and
2hCP-AUC are predictive of LADA among people first diag-
nosed with T2DM. For newly-diagnosed T2DM patients, espe-
cially young patients with history of ketosis, history of tobac-
co smoking, decreased 3 cell function, and poor blood glucose
control, a comprehensive antibody screening is recommend-
ed for earlier detection of LADA. Among people newly diag-
nosed with T2DM, the probability of LADA should be calculat-
ed according to the model presented here. When Y >0.0472,
a comprehensive antibody screening is recommended; when
Y <0.0472, antibody screening depends on the patient’s pref-
erences and ability to afford the procedure.

Acknowledgements

We thank all the authors in the study for their great
contributions.

Conflict of Interest
None.
Declaration of Figures Authenticity

All figures submitted have been created by the authors, who
confirm that the images are original with no duplication and
have not been previously published in whole or in part.

8. Zhou Z, Xiang Y, Ji L, et al. Frequency, immunogenetics, and clinical char-
acteristics of latent autoimmune diabetes in China (LADA China study):
A nationwide, multicenter, clinic-based cross-sectional study. Diabetes.
2013;62(2):543-50

9. Liu L, Li X, Xiang Y, et al. Latent autoimmune diabetes in adults with low-
titer GAD antibodies: similar disease progression with type 2 diabetes: A
nationwide, multicenter prospective study (LADA China Study 3). Diabetes
Care. 2015;38(1):16-21

10. Thunander M, Thorgeirsson H, Torn C, et al. Beta-cell function and met-
abolic control in latent autoimmune diabetes in adults with early insu-
lin versus conventional treatment: A 3-year follow-up. Eur J Endocrinol.
2011;164(2):239-45

11. Coustan DR. Gestational diabetes mellitus. Clin Chem. 2013;59(9):1310-21

12. Fluss R, Faraggi D, Reiser B. Estimation of the Youden Index and its asso-
ciated cutoff point. Biom J. 2005;47(4):458-72

13. Qi X, Sun J, Wang J, et al. Prevalence and correlates of latent autoimmune
diabetes in adults in Tianjin, China: A population-based cross-sectional
study. Diabetes Care. 2011;34(1):66-70

14. Carlsson S, Midthjell K, Tesfamarian MY, et al. Age, overweight and physi-
cal inactivity increase the risk of latent autoimmune diabetes in adults: re-
sults from the Nord-Trondelag health study. Diabetologia. 2007;50(1):55-58

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€932725-9




CLINICAL RESEARCH

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

Buzzetti R, Zampetti S, Maddaloni E. Adult-onset autoimmune diabetes:
Current knowledge and implications for management. Nat Rev Endocrinol.
2017;13(11):674-86

Adeleye 00, Ogbera AO, Fasanmade O, et al. Latent Autoimmune Diabetes
Mellitus in Adults (LADA) and its characteristics in a subset of Nigerians
initially managed for type 2 diabetes. Int Arch Med. 2012;5(1):23

Carlsson A, Sundkvist G, Groop L, et al. Insulin and glucagon secretion
in patients with slowly progressing autoimmune diabetes (LADA). J Clin
Endocrinol Metab. 2000;85(1):76-80

Hernandez M, Mollo A, Marsal JR, et al. Insulin secretion in patients with
latent autoimmune diabetes (LADA): Half way between type 1 and type 2
diabetes: Action LADA 9. BMC Endocr Disord. 2015;15:1

Zampetti S, Campagna G, Tiberti C, et al. High GADA titer increases the risk
of insulin requirement in LADA patients: A 7-year follow-up (NIRAD study
7). Eur J Endocrinol. 2014;171(6):697-704

Yu K, Huang Z, Zhou J, et al. Transcriptome profiling of microRNAs associated
with latent autoimmune diabetes in adults (LADA). Sci Rep. 2019;9(1):11347

. JiY, Jiang D, Liu J, et al. Comparative analysis of the transcriptome of Latent

Autoimmune Diabetes in Adult (LADA) patients from Eastern China. J Diabetes
Res. 2019;2019:8616373

Carlsson S, Midthjell K, Grill V, et al. Smoking is associated with an in-
creased risk of type 2 diabetes but a decreased risk of autoimmune dia-
betes in adults: An 11-year follow-up of incidence of diabetes in the Nord-
Trondelag study. Diabetologia. 2004;47(11):1953-56

Rasouli B, Grill V, Midthjell K, et al. Smoking is associated with reduced risk
of autoimmune diabetes in adults contrasting with increased risk in over-
weight men with type 2 diabetes: A 22-year follow-up of the HUNT study.
Diabetes Care. 2013;36(3):604-10

Sopori M. Effects of cigarette smoke on the immune system. Nat Rev
Immunol. 2002;2(5):372-77

Stampfli MR, Anderson GP. How cigarette smoke skews immune re-
sponses to promote infection, lung disease and cancer. Nat Rev Immunol.
2009;9(5):377-84

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

26.

28.

29.

30.

32.

33.

34.

35.

36.

37.

€932725-10

Wang Z. et al:
LADA in T2DM
© Med Sci Monit, 2021; 27: €932725

Rasouli B, Andersson T, Carlsson PO, et al. Smoking and the risk of LADA:
Results from a Swedish population-based case-control study. Diabetes Care.
2016;39(5):794-800

. Bajaj M. Nicotine and insulin resistance: When the smoke clears. Diabetes.

2012;61(12):3078-80

Fourlanos S, Perry C, Stein MS, et al. A clinical screening tool identifies au-
toimmune diabetes in adults. Diabetes Care. 2006;29(5):970-75
Agyei-Frempong MT, Titty FV, Owiredu WK, et al. The prevalence of auto-
immune diabetes among diabetes mellitus patients in Kumasi, Ghana. Pak
J Biol Sci. 2008;11(19):2320-25

Hawa MI, Thivolet C, Mauricio D, et al. Metabolic syndrome and autoim-
mune diabetes: Action LADA 3. Diabetes Care. 2009;32(1):160-64

. Zhou J, Ma X, Bao Y, et al. [Study on prevalence of latent autoimmune di-

abetes in adults and its relationship with metabolic syndrome.] Zhonghue
Yi Xue Za Zi. 2009;89(18):1250-54 [in Chinese]

Lindstrom J, Tuomilehto J. The diabetes risk score: A practical tool to pre-
dict type 2 diabetes risk. Diabetes Care. 2003;26(3):725-31

Balkau B, Lange C, Fezeu L, et al. Predicting diabetes: clinical, biological, and
genetic approaches: Data from the Epidemiological Study on the Insulin
Resistance Syndrome (DESIR). Diabetes Care. 2008;31(10):2056-61

Rahman M, Simmons RK, Harding AH, et al. A simple risk score identifies
individuals at high risk of developing Type 2 diabetes: A prospective co-
hort study. Fam Pract. 2008;25(3):191-96

Chen L, Magliano DJ, Balkau B, et al. AUSDRISK: An Australian Type 2
Diabetes Risk Assessment Tool based on demographic, lifestyle and sim-
ple anthropometric measures. Med J Aust. 2010;192(4):197-202

Brophy S, Yderstraede K, Mauricio D, et al. Time to insulin initiation cannot
be used in defining latent autoimmune diabetes in adults. Diabetes Care.
2008;31(3):439-41

Jorns A, Wedekind D, Jahne J, et al. Pancreas pathology of Latent Autoimmune
Diabetes in Adults (LADA) in patients and in a LADA rat model compared
with type 1 diabetes. Diabetes. 2020;69(4):624-33

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



