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Abstract

Latent autoimmune diabetes in adults (LADA) is the most prevalent form of adult-onset autoimmune 
diabetes and probably the most prevalent form of autoimmune diabetes in general. It shares clinical and meta-
bolic features with both type 2 diabetes mellitus (T2DM) and type 1 diabetes mellitus (T1DM). Patients with 
LADA may initially be diagnosed incorrectly as having T2DM based on their age, particularly if they have risk 
factors for T2DM such as a strong family history or obesity. The diagnosis of LADA is typically based on the 
finding of hyperglycemia together with the clinical impression that β-cell failure rather than insulin resistance 
(IR) is the main cause; detection of a low C-peptide and raised antibodies against the islets of Langerhans 
support the diagnosis. Highly variable β-cell destruction, different degrees of IR and heterogeneous titer and 
pattern of islet autoantibody, suggesting different pathophysiological pathways partially explaining the hetero-
geneous phenotypes of LADA. The decline in β-cell function progresses much faster in LADA than in T2DM, 
presumably because of the ongoing autoimmune assault in LADA, and therefore necessitates insulin therapy 
much earlier in LADA than in T2DM. The existence of heterogeneous phenotypes in LADA makes it difficult to 
establish an a priori treatment algorithm, and therefore, an individualized pharmaceutical therapy is required 
to preserve residual β-cell function and attain optimal diabetic control to decrease the risk of long-term diabetic 
complications in patients with LADA. This article aims to give an overview of the current understanding and 
gaps in knowledge regarding epidemiology, clinical and metabolic features, genetics, immunology, complica-
tions and therapeutic strategy of LADA and summarize an update on results from recent studies on the treat-
ment of the disease.  (J Intern Med Taiwan 2021; 32: 83-97)
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Introduction

The American Diabetes Association “The 
Standards of Medical Care in Diabetes-2019” clas-
sifies diabetes into T1DM, T2DM, gestational dia-
betes mellitus, and specific types of diabetes due 
to other causes, not including LADA1. Three main 
criteria has been proposed by the Immunology of 

Diabetes Society (IDS) to diagnose LADA: 1. age 
at diagnosis ≥ 30 years; 2. positive for circulating 
islet autoantibodies; and 3. non-insulin requirement 
for at least 6 months after diagnosis2. However, 
these diagnostic criteria for LADA diagnosis 
remains controversial and debatable. For example, 
the age and treatment requirements seem arbitrary 
in nature. Patients younger than 30 years old may 
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present with a slowly-progressive form of autoim-
mune diabetes that is indistinguishable from older 
patients with LADA3. Thus, only the presence of 
islet autoantibodies (IAA) is an objective require-
ment. The characteristics of LADA include humoral 
autoimmunity, gene and phenotype heterogeneity, 
embracing a variety of insulin resistance (IR) and 
β-cell autoimmunity; this heterogeneity is likely 
due to different pathological mechanisms4. It is di- 
fficult to establish a standardized treatment due to 
the great heterogeneous phenotypes in LADA, and 
therefore, an individualized therapeutic approach is 
necessitated5. This article aims to give an overview 
of current knowledge and summarize an update 
on results from recent studies on the treatment of 
LADA.

Epidemiology

The prevalence of LADA exists considerably 
difference among different population groups in 
the world6-23. Probably, this is due to differences in 
inclusion criteria and study design, as well as dif-
ferent lifestyle and ethnicity. For examples, two 
Chinese studies reported 5.9% and 9.2% preva-
lence of LADA, respectively6,7, whereas studies 
from Korea show a prevalence ranging between 4.1 
and 5.3%8,9. In Japan, the prevalence is 3.8%10. In 
India, the prevalence from epidemiological studies 
are sparse11-13. The European studies show a preva-
lence ranging between 3% and 12%14-18. High prev-
alence has been reported in Middle Eastern ranging 
from 12.1 to 31%19,20 with the exception of 2.6% 
prevalence of that in a large clinical-based study21. 
In Africa, available data reported the prevalence are 
estimated 6 to 12%22,23. Regarding North America 
and Hispanic populations, recent studies have 
revealed a lower prevalence among these popula-
tions24,25.

In most of these studies, LADA is diagnosed 
by IDS three main criteria1. However, trends across 
different populations in the diagnosis of LADA 

differ even between regions within a given country, 
particularly between clinical-based and population-
based studies. Take China as an example, frequency 
of LADA was highest in the northeast (7.1%), which 
has the highest latitude and coldest climate, and 
lowest in the southwest (4.0%)7. Similar results 
emerge from Spanish studies, showing that the north 
has a lower prevalence of LADA compared to the 
south (5.6-7.2% vs 10.9-14.7%, respectively)26. This 
discrepancy might be attributed partly to sample 
size; however, environmental factors and genetics 
might influence LADA prevalence. Regarding the 
Indian prevalence of LADA, controversial results 
have been shown12,13 , which may be regarded as 
resulting from aspects of study differential such 
as age of onset/diagnosis, demographics of the 
studied subjects, and methods used to measure glu-
tamic acid decarboxylase antibody (GADA) and/or 
islet antigen 2 antibody (IA-2A)/islet cell antibody. 
Moreover, the definition of these autoantibodies 
positive are not apparent and different studies may 
apply different cut-off points. Considerably, few 
studies suggested high prevalence of LADA which 
involved subjects from a specific subgroup of the 
population who were non-obese, younger age, and 
early diabetic diagnosis with higher probability of 
LADA12,13. Such results could not actually reflect 
the population prevalence of LADA in India. 

The dynamic changes in autoantibody status 
is still not sufficiently understood, but time-vary-
ing anti-idiotypic antibodies possibly may interfere 
in diabetes-associated autoantibodies assays27. It 
should be noted that the unexplored field of percent-
age of the affected with transient autoantibodies, 
in whom most of otherwise features of LADA are 
presented except autoantibody negative. Take Scan-
dinavia of adult-onset diabetes as an example, in a 
recent large cohort study, of which 6.4% was diag-
nosed LADA, but 17.5% presented with similar fea-
tures including insulin deficiency but were GADA 
negative28.  
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Clinical and metabolic features

When compared to T1DM, the frequency and 
the components of the metabolic syndrome (MS) 
are more prevalent in LADA15,29. However, this 
assumption changes when T2DM are compared 
with LADA7,29. For example, a cohort study in the 
United Arab Emirate suggested that LADA patients 
have higher waist circumference, body mass index 
(BMI), glycated hemoglobin (HbA1c) and systolic 
blood pressure as compared with T1DM patients21. 
By comparison with T2DM, LADA tend to younger 
at diagnosis, lower waist-hip ratio and BMI and 
lower rate of hypertension, but a more decreased 
lower C-peptide secretion as well as an increased 
likelihood of insulin requirement7,17,18,29. Thus, 
LADA usually has a more rapid progression to a 
deficient insulin secretion state that manifests fre-
quently to be prone to diabetic ketoacidosis and the 
earlier requirement of insulin treatment3.

It has been suggested that the GADA titers 
are associated with a requirement for early insulin 
therapy or the deterioration of β- cell function in a  
prospective or cross-sectional study of Cauca-
sians14,15. Subjects with high GADA titers are sus-
ceptible to have more prominent traits of impairment 
of insulin secretion and a profile of more severe auto-
immunity resulting in higher HbA1c, lower BMI 
and a lower prevalence of MS and its components 
that are more marked and more similar to T1DM, 
patients being younger age of onset, leaner with 
a high risk of the requirement for insulin therapy, 
whereas subjects with low GADA titers are more 
comparable to those with T2DM7,15,17,18. However, 
there exist a certain number of patients with high 
GADA titers who sustain non-insulin dependent 
for many years although high circulating GADA 
levels are one of important markers to predict future 
insulin requirement30. Therefore, there exists over-
lapping for these clinical parameters among groups 
of patients to make it impossible to accurately iden-

tify adult-onset autoimmune diabetes in subjects 
presenting with T2DM based on clinical features 
alone2,15. 

There are debates about the influence of IR in 
the pathophysiology of LADA31. The known MS 
parameters such as waist and triacylglycerides asso-
ciated with MS in T2DM were not associated with 
increased IR in LADA31. The high-density lipopro-
tein cholesterol was higher in LADA than GADA-
negative diabetes subjects and was unexplainably 
associated with IR among LADA31. However, the 
current knowledge of LADA is unsuccessful to 
capture IR, an extraordinary pathogenic mechanism 
and a therapeutic target in this type of autoimmune 
diabetes. Formal investigation of IR indicates that 
LADA is less insulin sensitive than healthy, but its 
insulin sensitivity is comparable with or more than 
that of T2DM and depends upon BMI32.

It remains ambiguous how LADA has associa-
tion with the progressive decline of insulin secre-
tory capacity. Therefore, it is recommended not to 
manage diabetes on the basis of current knowledge 
of LADA alone. Chemokines and adhesion mole-
cules have also been shown to be associated with 
diabetes progression33. For example, compared to 
T1DM, cytokines [interleukin-6, lipocalin 2, and 
high-sensitivity C-reactive protein (hs-CRP)] were 
higher in Chinese LADA34. 

Genetic features

The genetic investigation of autoimmune-
assault diabetes in patients who progress to the 
disease during adulthood could explain the etiology 
of this delayed-onset autoimmunity and impact its 
further management. It has been shown that the fre-
quency of human leukocyte antigen (HLA) suscepti-
bility alleles are increased in subjects with LADA35, 
but regardless of whether there are mysterious dif-
ferences for specific alleles between LADA and 
T1DM is controversial35. Later, many studies have 
already conducted an investigation of the associa-
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tion of the major histocompatibility complex region 
with LADA, particularly HLA class genes15,36. Take 
Chinese patients as an example, as for European 
patients, HLA-DQ genetic analysis revealed mark-
edly lower frequency of diabetes-susceptibility hap-
lotypes in both T2DM (47.1%) and control (43.2%)  
than in LADA (63.9%) patients7.

The insulin gene has been recognized as a 
susceptibility locus for developing autoimmune 
diabetes in children as well as in adulthood. The 
magnitude of the insulin gene variable number of 
tandem repeats (INS VNTR) effect size in LADA 
does not suggest differing appreciably from that 
seen in T1DM37. LADA subjects demonstrate 
decreased frequency of the CT/TT genotypes in 
the PTPN22 gene compared with T1DM subjects, 
although more than in control subjects38. A recent 
systematic review has demonstrated that cytotoxic 
T-lymphocyte-associated antigen-4 (CTLA-4) and 
protein tyrosine phosphatase non-receptor type 22 
(PTPN22) are potential risk factors for LADA39. 
Moreover, the fat mass and obesity-associated 
(FTO) gene has also been recognized to be associ-
ated with LADA as well as T2DM40. 

Previously, variation in the transcription factor 
7-like 2 (TCF7L2) gene suggested strong associa-
tion of T2DM41. However, it has been observed that 
common genetic variants of susceptibility in the 
TCF7L2 only associate with GADA antibody titer 
in T2DM and LADA, where the higher it is, the 
weaker the association42. Similar results arise from 
study in the FTO gene40. The TCF7L2 common 
variants gene could give assistance to make distinc-
tion between  autoimmune and non-autoimmune 
diabetes in young but not in middle-aged subjects 
with diabetes43. 

LADA is also related with increase in the fre-
quency of common variants in solute carrier family 
30 (zinc transporter), member 8 (SLC30A8)44, which 
converts into code of zinc transporter 8 (ZnT8), and 
the obesity-associated variant of FTO40,44. As such, 

those observations demonstrate that the heteroge-
neous genes in LADA are associated with varying 
degree of activity of autoimmune, which suggest 
that it may be a representative from genetic admix-
ture of T1DM and T2DM. Aiming whole-genome 
exome sequencing or exome sequencing at Genome-
wide association studies are left to be carried out 
in patients with adult-onset autoimmune in large 
cohorts to clarify whether such genetic admixture is 
characterizes as a part of an autoimmune continuum 
or just a distinct disease syndrome.

Immunological features

LADA presents activation of peripheral blood 
mononuclear cells, particularly within one year of the 
beginning of insulin treatment, resembling T1DM at 
onset45. Importantly, it has been showed that a small 
group of patients presented with autoantibody-neg-
ative phenotypic T2DM display an autoimmune 
T-cell response, implying that an inflammation of 
the islets of Langerhans might occur without the 
presence of autoantibodies in islet46.

To date, it is suggested that GADA are the most 
sensitive and prevailing antibodies in adult-onset 
diabetes7,15,18. Compared to those with high GADA 
titers, subjects with low GADA titers had less prom-
inent traits of insulin deficiency and a profile of 
less severe autoimmunity resulting in lower HbA1c, 
higher BMI, a higher prevalence of MS and its com-
ponents47. Other investigations didn’t suggest such 
a frequency distribution with two modes of GADA 
titers 15. These significant discrepancies may reflect 
that different populations have different character-
istics of LADA7.  Subjects with high-titer GADA 
are likely to have high-affinity GADA, suggesting 
a shorten preservation of residual β-cell function48. 

IA-2 is an intrinsic membrane protein of secre-
tory granules which is expressed in insulin-produc-
ing pancreatic β-cells49. IA-2A are almost always 
present in combination with other islet cell auto-
antibodies in autoimmune diabetes. Evidence has 
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shown that IA-2A positivity persists up to a few 
years after onset but decreases rapidly thereafter, 
unlike GADA, which might increase with age50. 
Thus, IA-2A could be used to identify LADA, while 
screening for IA-2A in older subjects is less useful 
since the diagnostic sensitivity for LADA (2~4%) is 
much lower50. 

ZnT8 is also an islet β-cell secretory granule 
membrane protein identified as an autoantigen in 
T1DM51. It has suggested that the identification of 
ZnT8 autoantibodies (ZnT8A) based on  IA-2A and 
GADA could improve LADA diagnostic sensitiv-
ity in Chinese patients52. The concentrations of the 
ZnT8A arginine variant represent higher concentra-
tions of stimulated C-peptide after onset of T1DM 
and during follow-up53. Thus, the associations 
between stimulated C-peptide levels and ZnT8A a 
few months after onset might have crucial clinical 
implications with respect to  individualized insulin 
treatment and implementary clinical intervention 
trials designed to preserve and regenerate β-cell 
function. Different from GADA, ZnT8A, which are 
capable of being detected in younger subjects with 
T1DM, are positive only in a small percentage of 
subjects with LADA54. 

LADA or T1DM patients have similar changes 
in systemic concentrations of cytokines, adhe-
sion molecules and chemokines55. In China, study 
has suggested heterogeneity of altered cytokine 
levels among all three primary types of diabetes34. 
Moreover, it reported lower adiponectin but higher 
hs-CRP in LADA when compared to T1DM34. 
Studies have also suggested that methylated DNA 
levels are modified in CD4+ T cells from LADA 
patients, which may progress to disease onset and 
development by changing the expression of autoim-
mune-associated genes56. 

Complications 

The long-term consequences of LADA with 
regard to microvascular complications remain poor 

understood. Earlier studies of LADA that have 
compared with either T1DM or T2DM the risk of 
microvascular complications were restricted to 
small sample sizes, different ethnic groups, het-
erogeneous metabolic control, unclear definition of 
LADA and diabetic duration, the last of which was 
the most important variable factor. Cross-sectional 
studies suggest that LADA tend to have worse gly-
cemic control than T2DM57. One explanation could 
be that there remains a priori treatment algorithm 
strategy unestablished for LADA58. The longitu-
dinal and observational Fremantle Diabetes Study 
suggested that microalbuminuria was more frequent 
in patients with T2DM than in those with a recent 
diagnosis of LADA59. GADA positivity was found 
to reduce 62% risk of microalbuminuria develop-
ment for a period of follow-up less than 5 years59. 
This study also suggested that nephropathy com-
plicating LADA behaved more like T1DM than 
T2DM, but the reasons for the discordance with 
neuropathy and retinopathy were unclear. Similar 
results were carried out in Chinese study60. These 
discrepancies might be accounted for by the fact that 
LADA patients as usual are diagnosed early than 
T2DM patients, being likely long-term affected by 
hyperglycemia which might eventually contribute 
to microvascular complications. The prevalence of 
retinopathy and nephropathy were comparable in 
subjects between T2DM and LADA when duration 
is more than 5 years57,60 and did not differ between 
the frequency of microvascular events and GADA 
positivity61. 

Earlier studies suggested that no significant 
differences were found between T2DM and LADA 
concerning the prevalence of macrovascular com-
plications57,59,60, cardiovascular mortality57,59, and 
overall mortality59. Later, cardiovascular disease 
outcomes in LADA have been investigated by 
several studies. A cross-sectional study showed that 
carotid atherosclerosis was more frequent in LADA 
compared with T2DM and T1DM62. Conversely, a 
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retrospective Chinese study reported that a compa-
rable frequency of carotid atherosclerosis was found 
between LADA and T2DM60. It was reported that 
LADA patients had a comparable risk of acute myo-
cardial infarction to that of T2DM patients for a 
period of follow-up less than 4 years, whereas heart 
failure rates tended to be increased (hazard ratio 
1.51) in LADA patients59; however, the number of 
subjects was small, and no stratification by sex was 
presented. A small study reported that patients with 
T2DM had a numerical more incidence of coronary 
damage than patients with LADA (19.7% vs. 11.5%), 
whereas the incidence of peripheral vascular disease 
(27.1% vs. 30.8%) seemed rather similar between 
the two groups. However, patients with LADA had 
lower cerebrovascular incidents than patient with 
T2DM (19.2% vs. 34.9%; p < 0.01)63. Those recog-
nizable differences in macrovascular complications 
between T2DM and LADA could be attributed to 
interactions between susceptible β-cells genetically 
with numbers of factors, including susceptibility to 
environmental influences, IR, and inflammation/
immune dysregulation64.

Treatment

Although different recommendations have 
existed in the management of patients with T2DM 
and T1DM, no priori treatment algorithm in the 
management of subjects with LADA has been 
established so far. As a result, subjects with LADA 
are currently regarded as affected by subjects with 
T2DM resulting in progression rapidly to an insulin 
dependency5, particularly in subjects who have 
presented with biochemical and clinical features 
getting close to T1DM than T2DM21,65. To date, 
several intervention trials have been conducted to 
investigate different therapeutic strategies of LADA 
(Table 1).

Lifestyle modifications
Diet therapeutic strategy is no difference in 

patients between LADA and T1DM. Obese patients 
with LADA receive benefit of increased levels of 
physical activity and restriction in calorie consump-
tion66. The Nord-Trøndelag health study reported 
that overweight, physical inactivity and increased 
age are as strong risk factors for LADA67. These 
findings suggest IR playing a role in the pathogen-
esis of LADA and provide important public health 
implications since they convey the concept that 
LADA to a large extent is influenced by environ-
mental factors and hence preventable. 

Insulin sensitizers
Although IR is more prominent in T2DM than 

LADA, it does a clinical characteristic of LADA. 
Metformin has been investigated in an experimental 
diabetes of autoimmune animal model; however, it 
did not change the lymphocytic infiltration as well 
as the clinical trajectory of disease in the pancreatic 
islets of the non-obese diabetic mouse68, demon-
strating that metformin does not affect the patho-
genic process resulting in β-cell destruction. A 
case report showed that metformin could maintain 
intrinsic insulin secretion capacity for five years in a 
patient with LADA69. Although only one case report 
is not enough to arrive at a firm conclusion, this case 
implies that metformin might be a choice of treat-
ment for LADA when the residual β-cells function 
are maintained. To date, no large and long prospec-
tive studies have investigated metformin for treat-
ment of LADA70. 

A pilot study comparing insulin alone versus 
rosiglitazone plus insulin suggested that rosigli-
tazone plus insulin may maintain pancreatic β-cell 
function in subjects with LADA71. However, this 
study did not clarify the effect of monotherapy of 
TZD.  Similarly, another study showed that rosi-
glitazone combined with insulin wherever or not 
maintain pancreatic β-cell function in patients with 
LADA after 3 years72. However, a randomized 
control trial comparing pioglitazone with metformin 
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Table 1. Studies investigating the efficacy of pharmacological therapies to LADA

Drugs tested Study design Study population Conclusions Refs
Metformin Case report 1 participant with NIDDM.

Positive for GAD autoantibodies.
Insulin independence was maintained with 
metformin for five years.

69

Rosiglitazone with 
insulin versus 
insulin alone

Randomized,  
open-label study

23 participants with LADA, 
fasting C-peptide levels  
> 0.3 nmol/L

After 12 and 18 months, measures of β-cell 
function stayed steady in rosiglitazone  
combined with insulin group but decreased 
more in the insulin-alone group.

71

Rosiglitazone 
versus sulfonylureas 
and rosiglitazone 
with insulin versus 
insulin alone 

Randomized,  
open-label study

54 participants with LADA.
Rosiglitazone group versus  
sulfonylureas group (GAD  
autoantibodies < 175 U/mL and 
fasting C-peptide levels > 0.3 
nmol/L).
Insulin group versus rosiglitazone 
plus insulin group (GAD  
autoantibodies ≥ 175 U/mL or 
GAD autoantibodies < 175 U/mL 
and fasting C-peptide levels  
≤ 0.3 nmol/L).

Rosiglitazone combined with insulin  
wherever or not preserved β-cell function  
in LADA patients after 3 years.

72

Pioglitazone versus 
metformin 

Randomized,  
open-label study

10 participants with T2DM
Positive for GAD autoantibodies.
Disease duration:0~9 years 
(mean 3.2 years) 

Pioglitazone may accelerate the disease 
course of slowly progressive type 1 diabetes.

73

Glibenclamide 
(SU) with insulin 
versus insulin

Randomized,  
open-label study

14 participants with T2DM
Positive for ICA and GAD  
autoantibodies

The insulin-alone group had better fasting 
glucose and also improved the markers 
of autoimmunity than the SU plus insulin 
group. 
Exclusion of glibenclamide in the treatment 
of ICA+ partially decreases specific  
autoimmunity against endocrine pancreatic 
cells and improves metabolic control.
No differences found for GAD autoantibodies 
and fasting C-Peptide between the groups.

74

Glibenclamide 
(SU) versus insulin

Pilot randomized, 
open-label study

10 participants with NIDDM.
Positive for ICAs

The SU group had worsening metabolic 
control and a progressive deterioration 
of β-cell function as measured by serum 
C-peptide response within 6 and 12 months 
but improved significantly in the insulin 
group. 

75

SU versus insulin Multicenter,  
randomized,  
nonblinded  
clinical study  
(the Tokyo study)

60 participants with NIDDM.
Positive for GAD autoantibodies.
Disease duration ≤ 5 years

After a mean follow-up of 57 months, the 
insulin group had a lower rate of progres-
sion to an insulin-dependent state.
The C-peptide values was more preserved in 
participants undergoing insulin treatment. 
The high GADA titers subgroup treated with 
SU had the greatest proportion participants 
for progression to insulin dependence.

76

Glimepiride (SU) 
versus Linagliptin 
(DPP-4 I)

Prespecified 
exploratory  
analysis of a  
double-blind,  
randomized,  
controlled study

118 participants with LADA
Positive for GAD autoantibodies.

Participants treated with linagliptin 
increased fasting C-peptide levels from 
baseline at weeks 28, 52 and 104 but 
decreased in participants treated with 
glimepiride.
No differences in metabolic control found.

77

Sitagliptin with 
insulin versus 
insulin alone

Randomized,  
open-label  
control study

30 participants with LADA LADA participants treated with sitagliptin 
and insulin maintained β-cell function by 
comparison with insulin alone.

79

(continued)
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Drugs tested Study design Study population Conclusions Refs
Saxagliptin Post-hoc analysis 

of pooled data 
from five  
randomized, 
placebo-  
controlled, 
24-week phase  
III studies

133 participants, positive for 
GAD autoantibodies (98 in the 
saxagliptin group and 35 in the 
placebo group)

Saxagliptin was effective in lowering blood 
glucose levels and generally well tolerated 
in GAD autoantibody ‐positive participants. 
Saxagliptin seems to improve β‐cell function 
in GAD autoantibody- positive participants.

80

Sitagliptin versus  
pioglitazone

Pilot randomized, 
open-label  
controlled study

14 participants with LADA
Positive for GAD autoantibodies.

Sitagliptin may be more effective in  
preserving the β-cell function for at least  
4 years in participants with LADA.

81

Exenatide or  
Liraglutide (GLP-1 
RA)

Longitudinal 
observational 
study

620 participants with T2DM 
commencing a GLP1-RA
Positive for GAD/IA-2  
autoantibodies (N=520)

Participants with GAD or IA2 autoantibody 
positive had a non-significant reduction in 
the adjusted mean HbA1c change -4.6 mmol/
mol, which was lower than the reduction 
observed in participants with  
antibody-negative.
Participants with antibody-positive had a 
17% reduction in insulin dose (versus 40% 
in participants with antibody-negative).

82

GLP‐1 RA  
(dulaglutide)

Post-hoc analysis  
of data pooled 
from 3 randomized 
phase III trials on 
T2DM

123 (dulaglutide), 44 (glargine), 
18 (sitagliptin) participants  
positive for GAD autoantibodies.
Duration of diabetes at enrolment: 
6.1-10.9 years (mean)

Among those treated with dulaglutide, 
HbA1c was reduced after 3, 6 and 12 
months (vs baseline) in GADA positive and 
GADA negative participants.
Levels of HbA1c were reduced to a similar 
extent in dulaglutide and glargine treated 
GADA positive participants, while in 
GADA negative participants a more  
pronounced decrease was found with  
dulaglutide vs. glargine. 
Compared to treatment with sitagliptin, 
dulaglutide decreased HbA1c more  
effectively in GADA positive as well as  
in GADA negative participants.

83

Insulin versus diet 
with or without 
OHA (metformin 
and/or SU)

Randomized,  
open-label study

37 participants with NIDDM
Positive for GAD autoantibodies 
or ICAs 

Early insulin treatment in LADA leads to 
better preservation of metabolic control and 
was safe. 
Superior preservation of C-peptide could not 
be significantly demonstrated. 
Only baseline level of C-peptide significantly 
influenced C-peptide level after 3 years. 

85

Insulin versus 
sitagliptin, both 
add-ons to  
metformin

Randomized  
treatment study  
on LADA. Clinical 
Trial Registration 
Number: 
NCT01140438

30 (insulin) and 31 (sitagliptin) 
participants
with LADA

Early insulin treatment may be advantageous 
in LADA but does not protect against an 
autoimmune assault on β cells.

86

Insulin versus. 
insulin + saxagliptin 
versus. insulin +  
saxagliptin + 
vitamin D3 
(NCT02407899)

Multicenter,  
open-label,  
randomized  
controlled trial

300 (estimated) participants with 
LADA

The main purpose is to evaluate whether 
saxagliptin (and vitamin D3) with insulin 
therapy can better protect islet β cell function 
than insulin alone.
Data from 104 weeks of intervention are 
presently analyzed.

87

Abbreviations: GAD, glutamic acid decarboxylase; ICA, islet-cell autoantibody; GLP-1 RA, glucagon-like peptide 1 receptor agonist; 
IA-2,  islet antigen 2; LADA, latent autoimmune diabetes in adults; NIDDM, non-insulin-dependent diabetes mellitus; DPP-4 i, 
Dipeptidyl peptidase-4 inhibitors; OHA, oral hypoglycaemic agent; SU, sulfonylurea; T2DM, type 2 diabetes mellitus; HbA1c, gly-
cated hemoglobin.

Table 1. Studies investigating the efficacy of pharmacological therapies to LADA (Continued)
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in patients with LADA suggested that pioglitazone 
may accelerate the disease course of LADA during a 
follow-up period, more than 48 months73. To clarify 
whether pioglitazone could affect the disease course 
of LADA or not, more prospective and interven-
tional studies are needed for further exploration.

Sulfonylureas
Sulfonylureas (SU) stimulate insulin release 

from the pancreatic β cells. It is reasonable to specu-
late that SU in LADA would actually accelerate the 
progressive deterioration in β cells and shorten start-
ing time of insulin therapy, and this hypothesis has 
been confirmed by several studies 66,74-77. In Japan, 
two randomized controlled trial (RCT) investigated 
the therapeutic effects between glibenclamide and 
insulin in subjects affected by LADA. The first trial 
was a small pilot RCT investigating glibenclamide 
versus insulin treatment75. After a 30-month fol-
low-up, glibenclamide suggested making meta-
bolic control worse and a gradual decline in β-cell 
function with almost 40% reduction from baseline 
as measured by serum-stimulated C-peptide ratio. 
The second trial evaluated sixty non-insulin depen-
dent and positive GADA diabetic patients within 5 
years of diabetic duration76. This study suggested 
that the SU group had higher rate of progression to 
insulin-dependence compared to the insulin group, 
and C-peptide levels got more preserved during the 
oral glucose tolerance test in subjects experiencing 
insulin intervention. Moreover, the greatest propor-
tion patients for progression to insulin dependence 
were the high GADA titers subgroup receiving SU 
treatment. A small study compared glimepiride with 
linagliptin suggested that the decline rate of C-pep-
tide levels may have accelerated in glimepiride 
group over a 2-year disease trajectory in patients 
with LADA77. It was difficult to compare these 
studies since there was a greater amount of hetero-
geneity among studies design, selection criteria, fol-
low-up durations, ethnicity, and different outcome 

parameters. Therefore, there is no strong clinical 
evidence to support SU as a first line treatment for 
LADA. 

Incretins
It was suggested that LADA has higher DPP-4 

activity expression when compared with both 
T1DM and T2DM78. Thus, DPP-4 activity may be 
a primary predictive factor to determine type of 
diabetes. A small double-blind RCT showed that 
DPP‐4 inhibitors, linagliptin, may have attenuated 
the C-peptide declined rate over a two year disease 
trajectory in LADA77. An open-label RCT showed 
that β-cell function may be preserved in recent-
onset LADA patients treated with sitagliptin  at 
the 12-month follow-up79. Interestingly, a post hoc 
analysis of pooled data from five RCTs suggested 
that saxagliptin seems to improve β‐cell function in 
GADA-positive  subjects, while a longer course for 
treatment may be warranted to give evidence to fac-
tuality of this finding80. A recent open-label RCT 
in Japan has observed that sitagliptin treatment may 
be more effective to protect β-cells function from 
decline than insulin treatment for at least 4-year 
period in patients with LADA, probably through the 
immunomodulatory effects of DPP-4 inhibitors81. 
Altogether, those trials suggested that DPP-4 inhibi-
tors may be effective to preserve β-cell function in 
LADA as a class effect and a suitable candidate in 
intervention and/or prevention of LADA trials. 

More recently, an investigation of the GLP-1 
receptor agonists (GLP-1RAs) exenatide or liraglu-
tide was conducted for 6 months in subjects with 
LADA, suggesting the adjusted mean level of HbA1c 
not significantly reduced, which was higher than the 
reduction observed in antibody-positive subjects82. 
Moreover, those who presented severe insulin defi-
ciency with antibody positive for IA-2 or GADA 
also had significantly lower impact of glucose 
response to GLP-1RAs treatment82. Another GLP-1 
RA study in LADA suggested dulaglutide favorable 
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effect on glycemic control83. 
In summary, these studies emphasize the long-

term prospective effects of DPP-4 inhibitors and 
GLP-1RAs in LADA. However, more large-scale 
cohort and long-term course of treatment studies 
are necessary to investigate whether these thera-
peutic approaches are effective to alleviate rapidly 
progressed to insulin dependent state and reduce 
long-term complications of diabetes in LADA.

Insulin therapy
To date, one of the main challenges regarding 

the therapeutic strategies of LADA is whether the 
introduction of early insulin treatment is really nec-
essary for this form of autoimmune diabetes. Since 
LADA presents with a non-insulin requiring disease 
at diagnosis and the current therapeutic strategy is 
to reduce the risk of progression toward insulin 
requirement. Thus, initiating early insulin therapy 
in LADA seems somehow paradoxical. Of course, 
the rationale behind this strategy is to preserve 
residual β-cell function while improving metabolic 
control. 

Insulin instead of SU treatment was more 
desirable to preserve or reverse β-cell function in 
LADA76. Moreover, in subgroup analysis, insulin 
has been suggested to be very effectively approach 
for LADA with high GADA titers and maintained 
β-cell function at baseline76. Many studies concluded 
a general recommended treatment with insulin in 
LADA, however, the evidence has not been convinc-
ing, as concluded by the 2011 Cochrane review84. 
A study with 3-year follow-up suggested that early  
initiation with insulin management not only results 
in more effective control of metabolism, but also 
was well-tolerated and safe in LADA85. However, 
superior of preserving C-peptide levels did not be 
significantly demonstrated. Several studies sug-
gested that patients with LADA progress towards 
an insulin-dependent state being different based on 
biochemical and metabolic features21,14,65. 

The optimal insulin regimen in LADA remains 
unclear. Given that early rapid decline in insulin 
secretion capacity progresses in LADA, multiple-
dose insulin replacement therapy may be helpful. 
However, from a practical viewpoint, initiating mul-
tiple doses of insulin injection may be difficult in 
patients with LADA, especially if their blood sugar 
are within reasonable elevation. In such patients, 
injection with a long-acting insulin for blood sugar 
control could be a good alternative70,76. Recently, 
in a Swedish-Norwegian RCT, LADA patients on 
metformin were randomized to add-on treatment 
with either insulin or the DPP4-inhibitor sitagliptin 
during an intervention period of 21 months86. This 
study suggests that early initiation of insulin therapy 
may be beneficial in LADA but does not protect 
β-cells from an autoimmune assault. An ongoing 
multicenter, open-label RCT in China investigates 
saxagliptin and vitamin D3 protective efficacy in 
patients with LADA who were previously treated 
with insulin87. Data from 104 weeks of intervention 
are presently analyzed. Altogether, the studies done 
until now on early insulin treatment in LADA and 
benefits in preserving β-cells function still show dis-
crepancies and future large-scale studies of insulin 
treatment are needed to elucidate the uncertainties. 

Immune modulation
Since an progressive autoimmune assault 

of β-cells results in LADA, immunomodula-
tory therapy may be a good alternative to provide 
the progression control of autoimmune disease by 
inducing tolerance. However, most immune inter-
vention trials in autoimmune diabetes as far have 
either failed to preserve β-cell function success-
fully or have met an obstacle but have nevertheless 
shown only a transient effect88-91. It is apparent that 
extremely effective prevention against the progres-
sive decline in β-cell function remains an obscure 
target. Therapeutic strategy established for the 
interactions between β-cells and immune system 
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represent an effective alternative but translation 
of the basic science in this field to clinical trials is 
challenging. Much has been learned over the past 
decades with the dramatic growth in clinical trials 
of autoimmune diabetes but much more remains to 
be done.

Conclusions

The challenge of how to define and diagnose 
LADA has resulted in numerous debates and litera-
tures regarding whether LADA is a distinct but het-
erogeneous clinical entity or just a variant of T1DM. 
The lack of clear clinical features make it difficult 
to distinguish LADA from T2DM. The long-term 
consequences of LADA in terms of microvascular 
and macrovascular complications remain largely 
unknown. To date, no standard treatment guide-
lines is established for LADA since its pathogene-
sis and nature history remains not well understood. 
The main therapeutic approach in the manage-
ment of LADA is to preserve β-cells function and 
prolong insulin independency as possible by offer-
ing an effective control of metabolism and improv-
ing the nature history of the disease. There is no 
strong evidence for or against the use of metfor-
min in LADA, although SUs are positively discour-
aged. TZD may potentially be beneficial to LADA, 
but more prospective and interventional studies are 
needed to confirm it as a good therapeutic option. 
DPP-4 inhibitors may be effective as a class effect 
in LADA. GLP-1RAs have no potential benefi-
cial effects on HbA1c reduction as well as glyce-
mic response in LADA. Immunomodulatory agents 
may be a good alternative to provide the progression 
control of autoimmune diabetes, but most immune 
intervention trials failed to demonstrate their ben-
eficial effects in LADA. Insulin seems the corner-
stone of management of LADA. Current knowledge 
from clinical treatment studies in LADA does not 
represent a solid foundation for an official treatment 
strategy for LADA patients. Obviously, further high-

quality studies are necessary to investigate various 
features of this form of autoimmune disease and to 
establish the best therapeutic strategy, which, if suc-
cessful, may also be helpful to prevent progression 
to an insulin-dependent state in younger individuals 
who have increased susceptibility to T1DM.
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成年隱匿型自體免疫糖尿病：當前的認知與挑戰

曾國賓

義大癌治療醫院 內科部內分泌暨新陳代謝科

摘　要

成年隱匿型自體免疫糖尿病乃是成人發作型自體免疫糖尿病中盛行率最高的一種疾病，

並且可能在自體免疫糖尿病中大體上也是盛行率最高的一種型式。它同時擁有第一型和第二

型糖尿病在臨床和代謝方面的特徵。成年隱匿型自體免疫糖尿病起初可能會被誤診斷為第二

型糖尿病基於患者的年紀之故，特別是當他們有第二型糖尿病的危險因子時，譬如有強烈的

糖尿病家族史或體型肥胖。通常成年隱匿型自體免疫糖尿病的診斷是由於高血糖的發現，同

時有胰島細胞衰竭而不是胰島素阻抗為主要病因的臨床臆斷；檢測到低量的C-胜肽鍊胰島素 
(C-peptide)和胰臟蘭氏小島 (islets of Langerhans)抗體的產生則有助於該疾病的診斷。高度多
面性胰島細胞的破壞、不同程度的胰島素阻抗和異質性力價 (heterogeneous titer)以及胰島細
胞自體抗體的型式，暗示不同的病生理學路徑並不能夠完全地可以解釋成年隱匿型自體免疫

糖尿病的異質性表現型 (phenotypes)。胰島細胞衰竭的程度，在成年隱匿型自體免疫糖尿病的
進展會比第二型糖尿病較快上許多，推測可能與進行中的自體免疫攻擊有關，因此啟動胰島

素治療的時程，在成年隱匿型自體免疫糖尿病的時間會比在第二型糖尿病還要快上許多。由

於成年隱匿型自體免疫糖尿病存在的異質性表現型，因此要建立一個事先治療的流程是有困

難的，所以對於成年隱匿型自體免疫糖尿病的患者，需要個別化的治療方式以保存殘存的胰

島細胞功能以達到良好的血糖控制進而減少長期糖尿病併發症的風險。本文旨在闡述當前我

們對於成年遲發型自體免疫糖尿病整體性的認知，並討論當前其在流行病學、臨床和代謝型

態、遺傳學、免疫學、併發症及治療方法在知識上的分歧，並概括更新關於最近研究在成年

遲發型自體免疫糖尿病治療方面的結果。


