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ABSTRACT

Objective: To determine the clinical and laboratory parameters and the
progression to insulin requirement in two groups of LADA patients separated
according to GADA titers, and to evaluate the benefit of early insulinization in
patients at high risk of premature beta-cell failure (high GADA titers).
Methods: Among the diabetic adults seen at our service and screened for
GADA at diagnosis, 54 were diagnosed with LADA and classified as having low
(> 1 U/ml and < 17.2 U/ml) or high (> 17.2 U/ml) GADA titers. Fifty-four patients
with type 2 diabetes (GADA-) were selected for comparison. In addition, 24
patients who had GADA titers > 20 U/ml and who were not initially insulinized
were compared to 16 patients who were insulinized at diagnosis. Results:
Insulin resistance was higher in the GADA- group, followed by patients with
low GADA titers. BMI and the frequency of arterial hypertension, elevated
triglycerides and reduced HDL cholesterol were lower in the high GADA+
group, with no difference between the GADA- or low GADA+ groups. The high
GADA+ group showed a greater reduction and lower levels of C-peptide and
required insulin earlier during follow-up. Patients with GADA titers > 20 U/ml
and insulinized early presented no significant variation in C-peptide levels, had
better glycemic control and required a lower insulin dose than patients who
were insulinized later. Conclusion: We agree that patients with LADA should
be differentiated on the basis of GADA titers and that patients with GADA titers
> 20 U/ml benefit from early insulinization. (Arq Bras Endocrinol Metab
2007;51/1:52-58)
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RESUMO

Diabetes Autoimune Latente do Adulto (LADA): Utilidade do Título de
Anticorpos Anti-GAD (GADA) e Benefício da Insulinização Precoce.
Objetivo: Determinar os parametros clínicos e laboratoriais e a progressão
para a necessidade de insulina em dois grupos de pacientes com LADA,
divididos de acordo com os títulos de GADA, e avaliar o benefício da
insulinização precoce naqueles com risco elevado de falência prematura das
células beta (títulos altos de GADA). Métodos: Dentre os pacientes adultos
com diabetes (DM) seguidos em nosso serviço e rastreados para GADA no
diagnóstico, 54 foram diagnosticados com LADA e classificados como tendo
títulos de GADA baixos (> 1 U/ml e < 17,2 U/ml) ou altos (> 17,2 U/ml). A
comparação foi feita com 54 pacientes selecionados com DM tipo 2 (GADA-).
Além disso, 24 pacientes com títulos de GADA > 20 U/ml, mas que não foram
insulinizados no início, foram comparados com 16 outros que foram
insulinizados desde o diagnóstico. Resultados: A resistência à insulina foi
maior no grupo GADA-, seguidos por aqueles com títulos baixos de GADA. O
IMC, a frequência de hipertensão arterial, os triglicérides elevados e o HDL-
colesterol reduzido foram menores no grupo com títulos elevados de GADA,
sem diferença entre os GADA- ou com baixos títulos de GADA. O grupo com
títulos elevados de GADA mostrou uma redução maior e menores níveis de
peptídeo C, tendo requerido insulina mais precocemente durante o
seguimento. Pacientes com títulos de GADA > 20 U/ml e precocemente
insulinizados não apresentaram variações significantes nos níveis de peptídeo
C, tiveram melhor controle glicêmico e requereram doses mais baixas de
insulina do que aqueles que foram insulinizados mais tardiamente.
Conclusão: Nós concordamos que pacientes com LADA devem ser
diferenciados com base nos títulos de GADA e que aqueles com títulos > 20
U/ml beneficiam-se de insulinização precoce. (Arq Bras Endocrinol Metab
2007;51/1:52-58)
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LATENT AUTOIMMUNE DIABETES in adults (LADA) is
a form of autoimmune diabetes that affects adult

patients who do not require insulin at diagnosis and
are positive for autoantibodies against beta cells [anti-
glutamic acid decarboxylase (GADA) and anti-islet cell
(ICA) antibodies], and is associated with premature
beta-cell failure (1,2). In general, LADA differs from
type 2 diabetes in terms of metabolic syndrome, genetic
characteristics, and the progression to insulin requi-
rement (2-6). However, some patients show features
similar to type 2 diabetes, which characterize a distinct
form, LADA type 2 (7) or type 1.5 diabetes (8).

Antibodies are the main predictors of functional
deterioration of beta cells (2), especially at high titers
(2,4,7,9) and when present in combination (GADA
and ICA) (3,6,7). A prospective multicenter study has
shown that patients with LADA benefit from early
insulinization, but this gain was restricted to those
with high GADA titers and who still presented a good
functional reserve of beta cells (10,11).

In the present study, we determined the clinical
and laboratory parameters and the progression to
insulin requirement in two groups of LADA patients
distinguished based on GADA titers and evaluated the
benefit of early insulinization in patients at high risk of
premature beta-cell failure (high GADA titers).

PATIENTS AND METHODS

Among the diabetic adults (> 35 years) seen at our service
before 2002 and screened for GADA at diagnosis (no
routine ICA and IA-2A analyses were performed) (1), 54
were diagnosed with LADA (individuals not requiring
insulin for at least 6 months after diagnosis and GADA+)
(3,4) and classified as having low (> 1 U/ml and < 17.2
U/ml) or high (> 17.2 U/ml) GADA titers. According to
another study that defined the cut-off based on the
stratification of GADA titers (4), we also established the cut-
off (17.2 U/ml) as the value corresponding to the median
GADA titers at the time of diagnosis, which showed no
normal distribution in the LADA group. Patients with type
1 diabetes (requiring insulin immediately after diagnosis)
(1,3,8,12) were excluded.

Although the onset of LADA occurs in many cases
between 25 and 35 years (2), previous investigations (1,3-
5,7,12) have established a limit of 35 years as done in the
present study.

Fifty-four patients with type 2 diabetes (GADA-),
matched for gender and age with the LADA group, were
selected for comparison. Patients were selected by separating
type 2 diabetic patients older than 35 years and GADA- at
diagnosis. For each LADA case detected, one patient of the
same gender and with similar age was selected from this

group. The lack of a significant difference in these
parameters between GADA- and LADA patients validated
this selection. The characteristics of the patients are shown in
table 1.

The treatment protocol initially consisted of non-
pharmacological measures and monotherapy with oral
antidiabetic drugs in all patients. During follow-up, the
patients were submitted to clinical and laboratory tests every
3 months for glycemic control and treatment adaptation.
The daily drug dose was increased and/or a new medication
was added, in addition to the reinforcement of non-
pharmacological measures when HbA1c > 7%. The drug
dose was reduced when HbA1c < 6%. Insulin was introduced
at sustained HbA1c levels > 7% after a period of 12 months
of combined use of ≥ 1700 mg metformin and ≥ 15 mg
glibenclamide per day (13), in addition to non-phar-
macological therapy.

On the basis of the preliminary data of a multicenter
study showing the benefit of early insulinization in patients
with high GADA titers (11), all of our patients with GADA
titers > 20 U/ml have been insulinized since 2002. This
permitted the comparison of two groups: 24/54 patients
diagnosed before 2002 who had GADA titers > 20 U/ml
and who were not initially insulinized (group 1) and 16
patients with GADA titers > 20 U/ml who were insulinized
at diagnosis (group 2) as done since 2002. In group 2, the
insulin dose (initial dose 0.2 U/kg/day) was adjusted accor-
ding to glycemic control and these patients did not receive
oral anti-hyperglycemic drugs. In 2002, all patients of group
1 were insulinized and the oral medications were discon-
tinued irrespective of glycemic control. The data refer to the
follow-up until that year. The initial characteristics of the
patients with GADA titers > 20 U/ml are shown in table 2.

Eleven patients were lost to follow-up [GADA- (6),
low GADA titers (3), high GADA titers (2)].

This study was approved by the Research Ethics
Committee of the Institution.

Laboratory assessment
GADA were detected with commercial immunoprecipitation
assays using 125I-labeled human recombinant GAD (RSR
Ltd., Cardiff, UK) (14). The lower detection limit was 0.1
U/ml. The reference value was < 1.0 U/ml. These cut-off
levels for positivity were established using the 99th percentile
of the control group (100 non-diabetic, non-glucose
intolerant individuals without known autoimmune disease
and no family history of diabetes). This assay was previously
evaluated by the laboratory, and the intra-assay and
interassay coefficients of variation were 3.1 and 3.5%,
respectively, for normal reference values. Sensitivity was 80%
for type 1 diabetic patients with a recent diagnosis (15). The
assay kits achieved good discrimination between cases and
controls with an area under the curve and 90% adjusted
sensitivity above the 75th percentile for both, as
recommended for a good quality assay (16). TPOAb were
assayed by chemiluminescence, with a level > 15 U/ml being
considered positive.
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HbA1c was measured by HPLC (normal 4–6%). C-
peptide was measured by immunofluorimetry (reference
0.35–1.65 nmol/l) during fasting on two occasions (interval
of one week), with a coefficient of variation of 15%. Insulin
resistance was estimated by HOMA-IR (calculated based on
fasting glycemia and insulinemia in the same sample) (17).
HOMA-IR was determined in three samples at 5-min
intervals (18) and showed a coefficient of variation of 13%.
Oral drugs or insulin were withdrawn 24 h before (17) and
C-peptide and HOMA-IR measurements were made at
fasting glycemia levels < 8.5 mmol/l in all patients. The
results are reported as the mean of these measurements.

Statistical analysis
The results are expressed as means ± SD unless otherwise
indicated. Differences in continuous variables between
groups were estimated using the nonparametric Mann-
Whitney U test. For dichotomous variables, Fisher’s exact
test was used. ANOVA was used to determine variations in
the same group (at diagnosis and at the end of the study).
Logistic regression analysis was applied to evaluate potential
confounding covariables (gender, age, BMI, HbA1c,
fasting glycemia). A p-value < 0.05 was considered to be
significant.
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Table 2. Characteristics of the patients with GADA titers > 20 U/ml at diagnosis.

Non-insulinized (n= 23) Insulinized (n= 15)
Gender (male:female) 13:10 9:6

Age (years) 40.8 ± 3.7 40 ± 2.7

BMI (kg/m2) 24.8 ± 3.4 25 ± 2.1

HbA1c (%) 7.9 ± 0.7 8.1 ± 1.1

Fasting glycemia (mmol/l) 10.8 ± 2.3 10.2 ± 2.7

GADA levels (U/ml) 33 ± 4.7 38 ± 5.6

C-peptide levels (nmol/l) 0.59 ± 0.31 0.55 ± 0.27

p> 0.05 for all parameters.

Table 1. Characteristics of the patients diagnosed before 2002.

GADA negative GADA GADA
(DM 2) < 17.2 U/ml > 17.2 U/ml

At diagnosis

Number of patients 54 27 27

Gender (male:female) 31:23 15:12 16:11

Age (years) 42.1 ± 3 40.2 ± 3.1 40.6 ± 3.5

BMI (kgIm2) † 28.9 ± 2.9 28.8 ± 3 24.9 ± 3.5

Fasting glycemia (mmolIl) 9.8 ± 2.9 10.2 ± 2.5 10.9 ± 2.4

HbA1c (%) 8 ± 0.75 7.9 ± 1.1 8.05 ± 0.95

C-peptide (nmolIl) 0.65 ± 0.19 0.66 ± 0.25 0.6 ± 0.3

Arterial hypertension (%) † 65 55.5 18.5

Triglycerides > 1.69 mmol/l (%) † 70 52 18.5

HDL cholesterol < 1.03 (men) and < 1.29 mmol/l (women) (%) † 70 63 26

Presence of TPO antibodies (%) † 5.5 11 37

TSH ≥ 5 mIU/l (%) 7.4 11 26

HOMA-IR (pmolIl x nmolIl) § 4.1 ± 1.9 2.95 ± 2 1.96 ± 1.2

Last assessment of the study

Number of patients 48 25 25

Follow-up (months) 37 ± 20 36 ± 16 35 ± 18

Fasting glycemia (mmolIl) 8 ± 2.7 7.5 ± 2.9 8 ± 3

HbA1c (%) 7.1 ± 1.5 7.2 ± 1.7 7.1 ± 1.4

C-peptide (nmolIl) † 0.47 ± 0.27 0.43 ± 0.2 0.29 ± 0.25

C-peptide reduction (%) † 23 ± 9 22 ± 10 51 ± 19

C-peptide < 0.3 nmolIl (ref. 20) (%) † 4.2 8 44

Became GADA negative (%) 24% 0%

† Low GADA titers versus DM 2 (p> 0.05) and low GADA titers versus high GADA titers (p< 0.05). 
§ Low GADA titers versus DM 2 (p< 0.05) and low GADA titers versus high GADA titers (p< 0.05).



Group / follow-up 12 months 24 months 36 months 48 months 60 months
Low GADA titers 0/25 1/25 (4%) 2/18 (11%) 3/10 (30%) 3/6 (50%)
High GADA titers 0/25 3/24 (12%) 6/18 (33%) 10/15 (66%) 11/13 (84%)
GADA negative (DM 2) 0/48 2/48 (4%) 3/34 (9%) 4/18 (22%) 4/10 (40%)

Figure 1. Cumulative percentage of patients diagnosed before 2002 who progressed to insulin requirement.

RESULTS

HOMA-IR was higher in the GADA- group, followed
by patients with low GADA titers. Patients with high
GADA titers showed lower insulin resistance even after
multivariate analysis (table 1). BMI and the frequency
of arterial hypertension, elevated triglycerides [> 1.69
mmol/l (150 mg/dl)] and reduced HDL cholesterol
[< 1.03 mmol/l (40 mg/dl) in women and < 1.29
mmol/l (50 mg/dl) in men] were lower in the high
GADA+ group, with no difference between the
GADA- or low GADA+ groups (table 1). The high
GADA+ group showed a greater reduction and lower
levels of C-peptide (table 1) and required insulin
earlier during follow-up (figure 1). No difference in
these parameters was observed between the low
GADA+ and GADA- groups. None of the six patients

with low GADA titers at diagnosis who became
GADA- during follow-up required insulin versus 3/19
(16%) patients who continued to be GADA+.

Figure 1 shows the cumulative percentage of
patients who progressed to insulin requirement,
excluding those who were lost to follow-up after the
diagnosis (four in the GADA+ group and six in the
GADA- group).

With respect to early insulinization of diabetic
patients with GADA titers > 20 U/ml, patients
insulinized early (group 2) presented no significant
variation in C-peptide levels, indicating the func-
tional preservation of beta cells, had better glycemic
control (lower fasting glycemia and HbA1c) and
required a lower insulin dose than patients who were
insulinized later (group 1) (table 3). In group 1, no
difference in insulin requirement (50% versus 53%),
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Table 3. Characteristics of the patients with GADA titers > 20 U/ml upon last assessment.

Non-insulinized Insulinized
C-peptide (nmol/l) * 0.28 ± 0.23 0.51 ± 0.3
C-peptide < 0.3 mmol/l (12) * 48% 15%
C-peptide variation (%) 50 ± 17 (p< 0.001) non-significant
Insulin requirement 52% —
Required insulin dose * 0.7 U/kg/day 0.32 U/kg/day
Severe hypoglycemia 0 0
Follow-up after diagnosis (years) 3 ± 1.5 2.8 ± 1.3
Fasting glycemia (mmol/l) * 7.9 ± 3.1 6.5 ± 2.8
HbA1c (%) * 7.1 ± 1.3 6.5 ± 1.05

* p< 0.05.



C-peptide reduction (47 ± 17% versus 52 ± 14%) or
C-peptide < 0.3 mmol/l (19) (47% versus 50%) was
observed between patients who initially received
metformin (n= 8) and those starting therapy with
sulfonylurea (n= 15), but all patients had received
sulfonylurea for at least 12 months before evaluation
by this study.

DISCUSSION

In LADA, insulin resistance can coexist with insulin
deficiency (20). Our study confirms that, in addition
to BMI (8), GADA titers help in the differentiation of
patients with associated insulin resistance, who usually
present low titers. The clear difference between
diabetic patients with high and low antibody titers in
relation to components of the metabolic syndrome
demonstrated in other series (4,21,22) was confirmed
here. However, the difference between patients with
low GADA levels and type 2 diabetics is not
completely understood. In the present study, higher
insulin resistance was observed in type 2 diabetic
patients. Lin et al. (22) observed a higher frequency of
hyperlipidemia in these patients, and Tuomi et al. (4)
also demonstrated differences in waist-hip ratio,
triglycerides and blood pressure between these two
groups of patients.

Beta-cell function (generally evaluated based on
C-peptide levels) is significantly compromised in
patients with high GADA levels (4,21-24). However,
we demonstrated that basal C-peptide levels did not
differ between patients with LADA and type 2
diabetics, a finding that can be attributed to the fact
that the patients were evaluated at diagnosis when beta
cells still show good functional capacity in LADA, a
condition that is more characterized by a premature
deterioration of beta-cell function than early
installation of insufficiency. This hypothesis was
supported by the observation that patients with high
GADA titers showed a greater reduction and lower
levels of C-peptide during follow-up. In fact, a
difference in C-peptide levels between patients with
and without autoantibodies may not be detected early
(25), especially during basal measurements (20).
Stimulation tests might provide a more adequate
assessment of the functional reserve of beta cells in
patients with a recent diagnosis (20).

The high GADA+ patients progressed early to
insulin requirement, in agreement with other studies
(2,4,10,11,21,22,24,26,27). Low GADA+ and
GADA- patients were similar in terms of beta-cell

function and insulin requirement. However, the
progression of patients with low GADA titers to
insulin requirement may not be the same as observed
for type 2 diabetics. Takino et al. (9) found that 33%
of patients with low GADA titers (< 20 U/ml) and a
history of diabetes < 5 years required insulin
treatment within 2 years of follow-up. Hosszufalusi et
al. (3) did not demonstrate a difference in GADA
titers between the LADA group (not requiring
insulin) and patients with adult-onset type 1 diabetes
who rapidly progressed to insulin requirement (at
diagnosis or within a short follow-up period). In
addition, the difference between low GADA and
GADA- patients may not be recognized within a
medium term follow-up period (5 years) and only
becomes evident in the long term (12 years) (28),
compatible with a slowly progressing autoimmune
process which results in late beta-cell failure but still
earlier than in type 2 diabetes. The predominance of
antibodies directed at the COOH-terminal portion of
glutamic acid decarboxylase (GAD-CAb) is associated
with rapid functional deterioration of beta cells, a
phenotype resembling type 1 diabetes, whereas
GADA directed only at the N-terminal portion or at
epitopes within the molecule determine a phenotype
similar to that observed in GADA- diabetics (29).
Interestingly, a strong correlation exists between high
GADA titers and the predominance of GAD-CAb
(30,31).

It is interesting to note that in the present study
approximately 20% of the patients with low GADA
titers became GADA- within 3 years. The possible
disappearance of GADA is supported by studies that
clearly demonstrate a lower prevalence of these
antibodies in patients diagnosed many years before
(9,25,32). The disappearance of low GADA titers has
been reported previously (28,33-36), but at a lower
percentage than that observed in the present study.
GADA present at low titers and not associated with
other anti-islet antibodies, which disappear
subsequently, may represent a false-positive result of
the assay. However, the subjects evaluated as controls
in the present study did not present GADA titers > 1
U/ml, indicating the specificity of this assay. Another
hypothesis is that these patients present a less intense
autoimmune process accompanied by possible short-
term remission, so that they do not progress to insulin
requirement after 3 years.

TPOAb are known to be more frequent in
GADA+ than in GADA- adult diabetics (37). We
showed here that high GADA titers identified a
subgroup of patients with a high prevalence of anti-
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thyroid antibodies. A predominance of GAD-CAb is
also associated with a higher prevalence of TPOAb in
patients with LADA (30). These data favor the
hypothesis that extra-pancreatic autoimmunity is more
notable in patients who are phenotypically closer to
type 1 diabetics and who progress to early insulin
requirement.

The use of insulin reduces beta-cell activity,
decreasing antigen expression and the autoimmune
process, with a consequent reduction in the destruc-
tion of these cells; sulfonylureas have an opposite
effect and metformin has a neutral effect on this
process (1). This rationale forms the basis for the use
of insulin in patients with LADA in an attempt to
preserve beta cells. In fact, initial studies have shown
that insulin induces the disappearance of ICA
antibodies, whereas these antibodies persist in patients
treated with sulfonylureas, a finding possibly reflecting
what occurs during the autoimmune process in the
islets in response to the two therapies (38,39). Early
insulinization does not seem to benefit all patients
with adult autoimmune diabetes, with functional
preservation of beta cells only being achieved in those
with high GADA titers and preserved C-peptide
(10,11), a fact supporting the importance of the
distinction from LADA based on GADA titers. These
data were confirmed in the present series. Measu-
rement of GADA at the time of diagnosis permitted
intervention during a phase when the beta cells still
presented a good secretory capacity. In addition, the
selection of patients at high risk for premature beta-
cell failure (high GADA titers) permitted the easy
differentiation between insulinized and conventionally
treated patients even over a short follow-up period.

Experimental studies indicate that glitazones
might be promising for the preservation of beta cells in
type 1 diabetics and also in LADA (40). In fact, a pilot
study on patients with LADA has shown that a
combination of rosiglitazone and insulin was
associated with the maintenance of C-peptide levels,
whereas a decrease was observed in patients treated
only with insulin (41).

CONCLUSIONS

We agree that patients with LADA should be
differentiated on the basis of autoantibody titers (7)
rather than BMI (8), which is less predictive of the
need for insulin (2,42) and does not predict the
beneficial effect of insulinization (10,11). We suggest
caution with the assumption that LADA together with

low GADA levels is the same as type 2 diabetes. In
view of the demonstration that patients with high
GADA titers benefit from early insulinization,
measurement of GADA is recommended for
apparently type 2 diabetic patients. The early diagnosis
of LADA, when the insulin-secretory capacity is still
good, and the adequate selection of high-risk patients,
better provided by high GADA titers, permit the
identification of patients that should be submitted to
early insulinization.
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