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ABSTRACT  

LADA (latent autoimmune diabetes in adults) may be the most common form of autoimmune diabetes and 
thus encompasses a significant proportion of the diabetic population. Still, knowledge about this common 
form of diabetes is limited. In this paper we give an overview of some aspects of LADA, primarily using 
data from the Nord-Trøndelag Health Study (HUNT). In HUNT, LADA accounts for 7% of all incident 
cases of diabetes in adults. Data from HUNT indicate that risk factors for LADA include overweight, 
physical inactivity, family history of diabetes and low psychosocial well-being. Risk factors thus seem to 
be largely similar to those of type 2 diabetes which suggests a partially shared pathogenesis, in spite of the 
autoimmune nature of LADA. With regard to genetic factors LADA may be a genetic mix of type 1 and 
type 2 diabetes, as LADA patients seem to have an increased prevalence of HLA haplotypes linked to type 
1 diabetes, and possibly also genes associated with type 2 diabetes. Patients with LADA are at increased 
mortality risk, primarily from cardiovascular disease. The excess risk seems to be linked to poor glycemic 
control rather than metabolic risk factors. These results emphasise the importance of optimal treatment 
modalities to improve survival in LADA. Documentation of optimal treatment for LADA is still lacking 
and there is an urgent need for studies in this field. 
 
 

INTRODUCTION 
 
Like type 1 diabetes in children, LADA is an auto-
immune form of diabetes characterized by antibodies 
against the insulin-producing beta cells in the pancreas 
[1,2]. The disease develops in adulthood and compared 
to traditional type 1 diabetes, it progresses more 
slowly and requires insulin treatment at a later stage 
[1,2]. LADA also seems to share some features with 
type 2 diabetes since LADA patients tend to be insulin 
resistant [3]. Epidemiological studies indicate that 
LADA may account for 2-12% of all cases of diabetes 
[4]. In line with this, findings of the Nord-Trøndelag 
Health Study (HUNT) show that LADA accounts for 
7% of all new cases of diabetes in adults. LADA thus 
encompasses a significant proportion of the diabetic 
population. Knowledge about LADA is still limited, 
including its etiology, treatment and long term conse-
quences. In this paper we will give an overview of 
some aspects of LADA, primarily using data from the 
HUNT study. 
 The criteria for LADA are debated. Age, antibody 
positivity and independence of insulin treatment have 
been used to diagnose LADA. Each of these criteria has 
been challenged. The age limit (usually < 30 years) is 
to some extent arbitrary. Antibody positivity is regard-
ed as a sine qua non for diagnosis of LADA. The pres-
ence of positivity (usually anti-GAD-antibodies against 
glutamic acid decarboxylase) in the non-diabetic popu-

lation has been used as argument of non-specificity, es-
pecially in cases of diabetes who display low titres of 
anti-GAD [5]. However, recent data from the HUNT 
surveys demonstrate that anti-GAD positivity in long 
term (> 10 years) non-diabetic individuals associate to 
other markers of autoimmunity [6]. Hence, the anti-
GAD findings in non-diabetic individuals cannot easi-
ly be dismissed as false positives. 
 Is it possible to have LADA without being antibody 
positive? Data, again from the HUNT surveys do indi-
cate so. Of the individuals with diabetes who were 
found to have LADA at HUNT2 because they were 
anti-GAD positive, about half had lost anti-GAD 
positivity when they were re-examined at HUNT3 [7]. 
Hence, if diabetes had been diagnosed for the first time 
at HUNT3 these individuals would have been classi-
fied as having type 2 diabetes. If one accepts that even 
fleeting positivity for autoimmune markers in diabetes 
does have clinical importance, then one must conclude 
that “mild” autoimmunity plays a role for developing 
diabetes not only for those individuals that are diag-
nosed as LADA at a given time point of examination 
but also for a significant part of those individuals who 
are currently diagnosed as having type 2 diabetes. 
 The third criterion that has been used to diagnose 
LADA is independence of insulin treatment at diag-
nosis and for a significant period of time thereafter. 
Whether an individual with new-onset diabetes is in 
need of insulin treatment is open to subjective evalua-
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Figure 1.  Hazard ratios of LADA and type 2 diabetes in relation to potential risk factors, results 
from the HUNT Study 1984-2008. 

 

tion and to current norms of treatment, which may 
differ between countries and regions. Also whether 
individuals are insulin resistant or not will influence 
any need for exogenous insulin. Clearly, the insulin 
independence criterion is the fussiest one when de-
fining LADA. Accordingly, it has been proposed to 
merge LADA into a single category of autoimmune 
diabetes in adults [8]. Several papers, including some 
of our own, have recently used the latter categorisa-
tion. Still, the insulin independence feature separates 
LADA patients phenotypically and genetically from 
those with adult onset “classical” type 1 diabetes [9]. 
 
 
RISK FACTORS 
 
Since LADA has features of both type 1 and type 2 
diabetes it seems possible that LADA is caused by: 1) 
the same underlying disease processes as traditional 
type 1 diabetes. But the disease may also have a 2) 
partially unique etiology, or 3) an etiology that in-
cludes risk factors for both type 1 and type 2 diabetes. 
To date, few attempts have been made to clarify this. 
The lack of studies on LADA is probably attributable 
to the fact that in most observational studies on dia-
betes, the necessary data (indicators of autoimmunity) 
to separate LADA from type 2 diabetes have not been 
collected. One exception is the Norwegian HUNT 
Study where the incidence of LADA can be followed 
1984-2008. With these data at hand we have studied 
some potential risk factors of LADA, including genetic 
factors [9], family history of diabetes, overweight, phy-
sical activity, smoking, alcohol consumption, psycho-
social and socioeconomic factors (Figure 1) [10-15]. 

HUNT STUDY 
 
HUNT is based on three extensive cross-sectional 
health investigations conducted in Nord-Trøndelag in 
1984-86, 1995-97 and 2006-08 [16]. On these occasi-
ons, all adult inhabitants (≥ 20 years old) in the county 
were invited to a clinical investigation which included 
extensive questionnaires with items on health and life-
style factors. Based on these cross-sectional investiga-
tions, a cohort of about 117 000 people, who partici-
pated in at least two HUNT surveys, could be formed 
and followed 11-22 years with regard to incidence of 
diabetes (Figure 2). To study mortality, we have 
formed a cohort of ~65 000 subjects (3100 prevalent 
cases of diabetes) based on HUNT2, that can be fol-
lowed from 1995 to 2009 through the Norwegian cause 
of death registry. Patients were classified according to 
diabetes type based on measures of anti-GAD together 
with age at onset: Our definition of LADA was age 
≥35 years at diagnosis and anti-GAD positive (≥0.08). 
Since there is at present no established definition of 
LADA, we also used an alternative, more stringent de-
finition including the additional criterion that the patient 
should not have been treated with insulin during the 
first year after diagnosis [4]. With this second defini-
tion, we get similar results as those presented here, but 
fewer cases (since information on treatment was only 
available for 83% of cases) and therefore less precision. 
 
GENETIC FACTORS 
 
The genetic background of LADA has been investiga-
ted in relation to genes associated with type 1 as well 
as type 2 diabetes. A coupling to HLA risk haplotypes
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Figure 2.  Study design, HUNT. 

 
 
has been documented [9,17]. Interestingly, the strength 
of this association correlates positively with titers of 
anti-GAD [9]; however, a complete correspondence is 
not seen. Whether a cause-effect relationship exists be-
tween the risk haplotypes and the presence and strength 
of antibodies is still unknown. Also the PTPN22 gene 
associates with LADA whereas a relationship with the 
INS gene is disputed and was not found in the HUNT 
study, but was, as expected, found in subjects with 
“classical” type 1 diabetes [9]. As to genes associated 
with risk for type 2 diabetes, one study found an asso-
ciation with TCFL7 [18], i.e. the gene which is to date 
most strongly associated with type 2 diabetes; however 
in the HUNT study this finding could not be reprodu-
ced [9] whereas an association was found with the 
FTO gene (which is associated both with overweight 
and type 2 diabetes). 
 To sum up, a relationship between type 1 diabetes 
associated genes and LADA seems well proven al-
though the genetic background behind autoimmunity is 
not identical with that of type 1 diabetes. A coupling 
with type 2 diabetes genes is at present not completely 
documented. Uncertainties stem at least partly from 
the heterogeneity of the LADA population. 
 
 
ENVIRONMENTAL FACTORS 
 
Results from HUNT suggest that traditional risk fac-
tors such as family history of diabetes and obesity are 
as strong risk factors for LADA as for type 2 diabetes 
[10,11]. Recent findings also suggest an increased risk 
linked to poor psychosocial well-being and sleeping 
problems [12]. On the other hand, a protective effect 
seems to be conferred by physical activity and, also in 
correspondence with type 2 diabetes, by moderate 

alcohol consumption [15]. Risk factors of LADA thus 
include factors known to affect insulin sensitivity [19-
21]. These findings fit with other data indicating that 
LADA is characterized by insulin resistance [3]. 
LADA thus shares features of type 2 diabetes despite 
its coupling to type 1-like autoimmunity. This high-
lights the interactions that are bound to take place be-
tween insulin resistance and faulty insulin secretion 
(for LADA due to autoimmunity) in the process of 
developing diabetes. 
 There are however discrepancies; smoking is asso-
ciated with a reduced risk of LADA [14], possibly 
through an inhibitory effect of nicotine on autoimmu-
nity. The risk of LADA is also twice as high for people 
with high socioeconomic status [13], while type 2 dia-
betes, in this and many previous studies [22] is more 
common for people with low socioeconomic status. 
Similar results have been reported previously for 
classical type 1 diabetes, which was more prevalent in 
children of high-income families [23]. The increased 
risk which we observed was not explained by tra-
ditional risk factors such as family history, obesity and 
smoking, but may result from other environmental fac-
tors that differ between socioeconomic groups. High 
education was also associated with higher levels of 
anti-GAD. This suggests that environmental factors 
linked to development of autoimmunity may explain the 
excess risk associated with high education. Proposed 
explanations for this finding includes “the hygiene hy-
pothesis” which assigns importance to a lower preva-
lence of infections early in life [24], or differences in 
dietary pattern habits, that may affect an autoimmune 
process. Unfortunately, there are limited data on early 
infections and diet in HUNT and additional studies are 
therefore needed to further test the hypothesis. 
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Figure 3.  Kaplan-Meyer curves of mortality in LADA and type 2 diabetes. Results from the HUNT Study 1995-2009. 

 
 
TREATMENT 
 
Is treatment of LADA patients different from type 2 
diabetes? – or should it be? LADA was treated as type 
2 diabetes before measurements of anti-GAD were 
possible in a clinical setting. After the advent of rou-
tine measurements several years elapsed before the 
concept of LADA was fully realized by most practi-
cing physicians. In practical terms this has meant that 
few, if any, physicians in Nord-Trøndelag were aware 
of the potential differences in progression of disease 
vs. type 2 diabetes at the time of HUNT2. From a sci-
entific point of view this has facilitated the characteri-
zation of “natural” progression of LADA in terms of 
need for insulin treatment as detailed in some of our 
studies [25]. Still, data from HUNT3 (unpublished) 
indicate that initial treatment of LADA continues in 
most cases to be similar to that of type 2 diabetes. 
 Data from a Japanese study indicate that early 
insulin treatment (diverting from the norm of treating 
type 2 diabetes) is beneficial in upholding endogenous 
insulin secretion [26], in turn being beneficial for meta-
bolic control and avoidance of diabetic complications 
[27]. However, the utility of early insulin treatment has 
been debated. A recent Cochrane review has conclu-
ded that new and unbiased studies are needed to test 
the utility of early insulin treatment [28]. To this end, 
one of us (VG) has initiated a Nordic study to test the 
concept. The BALAD study (Behandling Av LADA, 
Treatment of LADA) tests for effects of exogenous in-
sulin as add-on to ongoing treatment with metformin. 
The rationale for co-treatment with metformin is based 
on the observation that most LADA patients, at least in 
the Nordic countries, are overweight and therefore 
insulin resistant. Therefore, it seems important that a 
clinical study incorporates treatment of insulin resist-
ance. The use of metformin serves this purpose. The 
study is on-going and patients are still being recruited. 

COMPLICATIONS 
 
The long term consequences of LADA in terms of 
mortality and morbidity are largely unknown. Cross-
sectional studies indicate that these patients display 
features of the metabolic syndrome to a lower extent 
than patients with type 2 diabetes, but more than those 
with traditional type 1 diabetes [29-31]. In addition, 
these studies suggest that LADA patients tend to have 
worse glycemic control than patients with type 2 dia-
betes. One explanation could be that there is still no 
established treatment strategy for LADA [28], some-
thing which could make these patients more exposed 
to hyperglycemia and consequently, put them at in-
creased risk of subsequent complications and mortality 
[32]. One could also speculate that because endogen-
ous insulin production is lower, greater meal and 
exercise induced variations in blood glucose can be 
expected. Two studies based on British and Finnish 
populations have addressed mortality in autoimmune 
diabetes with adult onset/LADA [33,34]. These studies 
demonstrate similar [34] or even a tendency for higher 
mortality rates in LADA compared to type 2 diabetes 
[33]. Using data from HUNT and the national cause of 
death registry, we are currently studying survival in 
patients with LADA and type 2 diabetes between 1995 
and 2009 [35]. Our findings indicate that subjects with 
LADA have a more favorable metabolic risk profile 
than subjects with type 2 diabetes including a lower 
prevalence of the metabolic syndrome (55% vs. 77%) 
[35]. In spite of this, mortality in LADA patients was 
as high as in type 2 diabetes, including a 50% increa-
sed risk of all-cause mortality and a more than twofold 
increased risk of death from ishemic heart disease, 
compared to subjects without diabetes. The excess risk 
seemed mainly to be attributed to poor glycemic 
control, rather than metabolic risk factors or lifestyle. 
These results emphasise the importance of optimal 
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blood glucose lowering treatment to improve survival 
of LADA patients. 
 
 
CONCLUSION 
 
LADA is a common form of diabetes with autoimmu-
nity. However, risk factors seem partly similar to those 
of type 2 diabetes which suggests a partially shared 
pathogenesis with type 2 diabetes, possibly with insu-
lin resistance as the common denominator. According-
ly LADA could be preventable or its onset delayed 
through modification of lifestyle, including normal 
weight, physical activity, moderate alcohol consump-
tion and psychological well-being. However, it re-
mains to be seen if the autoimmune component makes 
LADA less preventable through lifestyle changes than 
type 2 diabetes. 
 Patients with LADA are at increased mortality risk, 
primarily from cardiovascular disease. The excess risk 
seems to be linked to poor glycemic control. These 
results emphasise the importance of optimal treatment 
modalities to improve prognosis in LADA. General 

practitioners, who normally diagnose type 2 diabetes, 
should increase their attention to LADA, and measure 
anti-GAD and C-peptide in cases in where doubt exists 
concerning type 2 diabetes/LADA. 
 There is no established treatment strategy for LADA 
at present. Questions that remains to be addressed in-
clude whether early treatment with insulin could pre-
serve insulin production in LADA patients. Treatment 
of LADA is an important area for future studies. 
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