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and Folkhälsan research centre, Helsinki university hospital, Helsinki, Finland
A R T I C L E I N F O

Article history:

Received 17 January 2017

Received in revised form 11 May 2017

Accepted 23 May 2017

Available online 29 June 2017

Keywords:

Autoimmune diabetes

Case–control study

Family history of diabetes

Heredity

Latent autoimmune diabetes in adults

Type 2 diabetes

A B S T R A C T

Background. – A family history of diabetes (FHD) is a strong predictor of diabetes risk, yet has rarely been

investigated in latent autoimmune diabetes in adults (LADA). This study therefore investigated the risk

of LADA and type 2 diabetes (T2D) in relation to FHD, taking into account the type of diabetes in relatives.

Methods. – Data from a population-based study were used, including incident cases of LADA [glutamic

acid decarboxylase antibody (GADA)-positive, n = 378] and T2D (GADA-negative, n = 1199), and their

matched controls (n = 1484). First-degree relatives with disease onset at age < 40 years and taking

insulin treatment were classified as type 1 diabetes (T1D) or, if otherwise, as T2D. Odds ratios (ORs) were

adjusted for age, gender, BMI, education and smoking. Cases were genotyped for high- and low-risk HLA

genotypes.

Results. – Both FHD–T1D (OR: 5.8; 95% CI: 3.2–10.3) and FHD–T2D (OR: 1.9; 95% CI: 1.5–2.5) were

associated with an increased risk of LADA, whereas the risk of T2D was associated with FHD–T2D (OR:

2.7; 95% CI: 2.2–3.3), but not FHD–T1D. In LADA patients, FHD–T1D vs FHD–T2D was associated with

higher GADA but lower C-peptide levels, lower prevalence of low-risk HLA genotypes (5.0% vs 28.6%,

respectively; P = 0.038) and a tendency for higher prevalence of high-risk genotypes (90.0% vs 69.1%,

respectively; P = 0.0576).

Conclusion. – The risk of LADA is substantially increased with FHD–T1D but also, albeit significantly less

so, with FHD–T2D. This supports the idea of LADA as a mix of both T1D and T2D, but suggests that the

genes related to T1D have greater impact. LADA patients with FHD–T1D had more T1D-like features,

emphasizing the heterogeneity of LADA.
�C 2017 Elsevier Masson SAS. All rights reserved.
Abbreviations: ANDIS, All New Diabetics in Scania; ANDiU, All New Diabetics in
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Introduction

A family history of diabetes (FHD) encompasses both genetic
and shared environmental factors, and is a strong predictor of
diabetes risk. Previous studies have indicated that diabetes in first-
degree relatives confers a ninefold greater risk of type 1 diabetes
(T1D) [1] and a threefold greater risk of type 2 diabetes (T2D)
[2]. The genetic risk of T1D is mainly attributed to genes in the
human leucocyte antigen (HLA) region, which are estimated to
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explain around 30–50% of familial clusterings [3]. Recent studies
have identified several genes related to T2D, of which variants
within the TCF7L2 gene have the strongest effect [4]. The currently
identified genes, however, can only explain about 20% of the
genetic heritability of T2D [5] and only a fraction of its familial
aggregation [2]. Therefore, FHD remains an important, easily
obtained predictor of diabetes risk [2].

Latent autoimmune diabetes in adults (LADA) is thought to be a
genetic mix of both T1D and T2D [6], and linked to HLA DQB1 risk
genotypes associated with autoimmunity [7,8] as well as genes
associated with T2D, including TCF7L2 [9–11]. Consequently, a
family history of both type 1 diabetes (FHD–T1D) and type
2 diabetes (FHD–T2D) may promote LADA. Findings from
prospective data indicate that FHD increases LADA risk two- to
fourfold [12,13], while cross-sectional studies also reveal a high
prevalence of FHD [14,15]. While studies of the relative importance
of FHD–T1D vs FHD–T2D are scarce, data from a few small-scale
studies support links to both T1D and T2D [16–20]. Also, in a
prospective follow-up study of a non-diabetic population, FHD–
T1D conferred a twofold greater risk of developing non-insulin-
dependent diabetes [13].

Our aim was to clarify the role of FHD–T1D and FHD–T2D in
relation to LADA and T2D. To this end, data were taken from a novel
Swedish population-based study to create the largest study to date
of FHD and LADA.

Methods

Study population and design

The present study used data from the Epidemiological Study of
Risk Factors for LADA and Type 2 Diabetes (ESTRID), a population-
based study including incident cases. A detailed description of the
study design has been previously reported [21]. Briefly, ESTRID is a
substudy of ANDIS (All New Diabetics in Scania) [22], a detailed
study aiming to characterize all new cases of diabetes in the
Swedish county of Scania. For ESTRID, all newly diagnosed LADA
patients and a random sample of newly diagnosed T2D cases (four
per each LADA case) were invited to participate from 2010 on-
wards. For each case of LADA, six diabetes-free controls,
aged � 35 years (to match the definition of LADA), were randomly
selected from the general population of Scania, and matched by
time and region (incidence density sampling) [23]. After 2012,
cases and controls were also recruited from Uppsala county
through ANDiU (All New Diabetics in Uppsala) [24], a sister study
to ANDIS. Response rate was high: 80% vs 64% for cases vs controls,
respectively. Thus, the analytical sample of the present study
included 378 cases of LADA, 1199 cases of T2D and 1484 controls—
all of the participants included in ESTRID up to 31 July 2015—with
complete information on their age, gender, FHD, body mass index
(BMI), education and smoking (99.5% of the total sample).

The study was approved by the ethics review board in
Stockholm (reference number: 2010/336-31/2), and all partici-
pants provided their written informed consent.

Biochemical analysis and case definition

At diagnosis, all patients provided blood samples, which were
analyzed for glutamic acid decarboxylase antibody (GADA), C-
peptide and glucose at the central laboratories of the university
hospitals of Scania and Uppsala. GADA was analyzed in serum by
enzyme-linked immunosorbent assay (ELISA; RSR Ltd, Cardiff, UK).
Levels � 10 IU/mL were regarded as positive, as per instructions in
the kit. At a cut-off level of 10.7 IU/mL, sensitivity was 84% and
specificity 98% [25]. Fasting (overnight) levels of C-peptide in
plasma were measured by an IMMULITE 2000 (Siemens Healthcare
Diagnostics Product Ltd., Caernarfon, UK) or Cobas e 601 (Roche
Diagnostics, Mannheim, Germany) analyzer [26]. LADA patients
had onset at age � 35 years, were GADA-positive (� 10 IU/mL) and
had C-peptide levels above the lower limit of normal range
[� 0.2 nmol/L (IMMULITE) or � 0.3 nmol/L (Cobas e 601)]. T2D
patients had onset at age � 35 years, were GADA-negative and had
C-peptide levels > 0.6 nmol/L (IMMULITE) or> 0.72 nmol/L (Cobas
e 601). While there is no established definition of LADA, this is in
line with previously used criteria [6] except for C-peptide, which
was used as an indicator of any remaining insulin production. This
criterion distinguished LADA patients from those with adult-onset
T1D (C-peptide < 0.2 or 0.3 nmol/L), who were not recruited into
ESTRID. C-peptide may be regarded as a more objective measure-
ment than the more commonly used insulin criteria [27].

Homoeostasis model assessment (HOMA) was used to assess
insulin resistance (HOMA-IR), insulin sensitivity (HOMA-S) and b-
cell function (HOMA-b), based on the relationship between fasting
glucose and C-peptide [28]. DNA was extracted and genetic
analyses were performed at the central laboratory in Scania by
running the iPLEX Gold Assay (Sequenom Inc, San Diego, CA, USA).
As per the previously described methodology [29], three single-
nucleotide polymorphisms (SNPs) in the MHC region (rs3104413,
rs2854275, rs9273363) were combined to identify carriers of the
high- and low-risk HLA DR and DQ genotypes known to be
associated with autoimmune diabetes (DR3/4, DR3/3, DR4/4, DR3/X,

DR4/X, DR4-DQ7, DR4/3-DQ8, DR4-DQ8, DRX/X), where the greatest
risk of T1D is found in subjects heterozygous for these types
[29,30]. Genetic information was available for 70.1% of LADA cases
and 68.6% of T2D cases. No genetic and clinical information was
available for the controls.

Questionnaire

Cases and controls answered an extensive questionnaire with
items on heredity, previous health, and lifestyle and demographic
socioeconomic and psychosocial factors. Cases were given the
questionnaire following diagnosis (within a median time of
6 months), and were carefully instructed to report conditions as
they were prior to diagnosis.

Family history of diabetes

Information on FHD entailed questions on diabetes in first-
degree relatives (mother, father, sisters, brothers, daughters, sons)
as well as in maternal and paternal grandparents. Also, the
questionnaire asked about the total number of other, second-
degree relatives (grandchildren, aunts, uncles, nephews, nieces)
and first cousins with diabetes. (This report included first cousins
as second-degree relatives as they could not be distinguished from
other relatives.) For first-degree relatives, information on age at
diagnosis and modalities of treatment were also obtained.
Relatives were classified as FHD–T1D if they had onset at
age < 40 years and were taking insulin treatment or, if otherwise,
as FHD–T2D.

Covariates

Self-reported information on current body weight together
with height was used to calculate BMI (kg/m2). For these patients,
this information correlated significantly with information from
medical records (r = 0.92). Information on smoking was obtained
through questions about current and previous tobacco use, and
included duration and average number of cigarettes smoked per
day. Physical activity was assessed by validated questions about
leisure-time physical activity during the preceding year [31].
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Information on average alcohol intake during the preceding year
was used to calculate average daily consumption of alcohol (g/
day). Participants were also asked to report their highest level of
education.

Statistical analysis

Baseline characteristics of participants are presented as
proportions, means or medians together with two-sided P-values,
calculated by x2 (proportions), Student’s t (means) and Kruskal–
Wallis (medians) tests. Odds ratios (ORs) of diabetes by FHD and
95% confidence intervals (CIs) were calculated by conditional
logistic regression. As the study participants were recruited
through incidence density sampling [23], the ORs are interpreted
as incidence rate ratios. All analyses were controlled for age and
gender (model 1) and, in addition, for BMI (kg/m2), smoking (never,
former, current) and education (primary school, upper secondary
school, university; model 2). Results from model 2 are presented in
text and tables, unless otherwise specified. Further adjustments for
physical activity and alcohol consumption had only a minor
influence on ORs and were therefore not included in the final
model. Analyses of FHD–T1D were adjusted for FHD–T2D and vice

versa. Stratified analyses were also performed by median GADA
levels, with LADAlow defined as < 177.5 IU/mL and LADAhigh

as � 177.5 IU/mL. Sensitivity analyses used a more stringent
criterion to classify FHD–T2D (� 40 years and no insulin
treatment). Statistical Analysis Software (SAS) version 9.4 (SAS
Institute, Cary, NC, USA) was used for all statistical analyses.

Results

Characteristics

As expected, patients with LADA were younger at onset, leaner,
had lower levels of C-peptide and HOMA-b, and were more often
treated with insulin than patients with T2D (43.5% vs 5.9%,
P < 0.0001; Table 1). FHD–T1D was reported by 10.1% and FHD–
T2D by 35.5% of patients with LADA. Corresponding frequencies in
those with T2D were 4.8% and 46.2%, respectively. Of the genotype
combinations investigated, the most common were high-risk DR4-

DQ8 and low-risk DRX/X (Table SI; see supplementary materials
Table 1
Characteristics of cases and controls.

Characteristics Controls

Subjects, n 1484

Women, % 52.8

Age, years, mean (SD)b 58.5 (13.4)

Body mass index, kg/m2, mean (SD) 25.9 (4.1)

First-degree family history of diabetes, % 23.8

Family history of T1D, % 2.4

Family history of T2D, % 22.1

With insulin treatment, %c –

GADA, IU/mL, median (IQR)c –

C-peptide, nmol/L, mean (SD)c –

HOMA-IR, mean (SD)c –

HOMA-b, mean (SD)c –

HOMA-S, mean (SD)c –

HLA DR4-DQ8, % –

High-risk HLA genotypesd, % –

HLA DRX/X, % –

T1D: type 1 diabetes; GADA: glutamic acid decarboxylase antibody; IQR: interquartile

function/insulin sensitivity; HLA: human leucocyte antigen.
a Between LADA (latent autoimmune diabetes in adults) and T2D (type 2 diabetes).
b At onset for cases of LADA and T2D.
c Eight LADA cases and 26 T2D did not consent to use of their clinical information, i
d DR4-DQ8, DR3/3, DR4/4, DR3/4, DR3/X, DR4/X combined.
associated with this article online). LADA patients were more likely
than T2D patients to carry the DR4-DQ8 high-risk genotype and
less likely to carry the DRX/X low-risk genotype. On combining all
high-risk genotypes (DR4-DQ8, DR3/3, DR4/4, DR3/4, DR3/X, DR4/X)
[29], the prevalence for LADA vs T2D was 72.1% vs 46.2%,
respectively (P < 0.0001). A larger proportion of patients (includ-
ing both LADA and T2D) who reported FHD–T1D had the high-risk
genotype (59.0% vs 31.03%; P = 0.0006) and a lower proportion had
the low-risk genotype (12.8% vs 44.4%; P < 0.0001) compared with
LADA and T2D patients reporting FHD–T2D.

Family history of diabetes, LADA and type 2 diabetes

Diabetes in either first- or second-degree relatives conferred a
twofold greater risk of LADA (Table 2), and the risk increased with
the number and closeness of the relatives. This risk was increased
irrespective of whether a parent, sibling or child had diabetes. The
impact of having a first- vs second-degree relative with diabetes
was similar for T2D, whereas the risk appeared to be particularly
pronounced in those with an affected sibling (OR: 2.9, 95% CI: 2.2–
3.9). Adjusting for BMI, smoking and education had only a minor
influence on these associations (Table 2).

Family history of type 1 and type 2 diabetes

Separate analyses by diabetes type (Fig. 1) indicated that the
risk of LADA was significantly more pronounced for FHD–T1D
(OR: 5.8, 95% CI: 3.2–10.3) than for FHD–T2D (OR: 1.9, 95% CI:
1.5–2.5). The excess risk associated with FHD–T1D was seen
irrespective of which parent or sibling had T1D, and was similar
for male and female relatives. However, a child with T1D
conferred no added risk. With regard to FHD–T2D, the increased
risk of LADA appeared to be more pronounced if a brother or child
had diabetes. Sensitivity analyses indicated that the association
between LADA and FHD–T2D was similar (OR: 1.8, 95% CI: 1.3–
2.6) when a stricter classification of FHD–T2D (onset at
age � 40 years and no insulin treatment) was used. Stratification
by GADA levels indicated that the association with FHD–T1D was
stronger for LADAhigh (OR: 6.9, 95% CI: 3.5–13.4) than for LADAlow

(OR: 4.9, 95% CI: 2.2–11.2), whereas the association with FHD–
T2D was similar for both LADAhigh (OR: 1.8, 95% CI: 1.2–2.5) and
LADAlow (OR: 2.0, 95% CI: 1.4–2.9). In addition, the risk of T2D was
T2D LADA Pa

1199 378 –

39.5 46.8 0.0120

63.1 (10.3) 58.7 (12.5) <0.0001

31.1 (5.4) 28.1 (5.3) <0.0001

48.2 43.4 0.1016

4.8 10.1 0.0002

46.2 35.5 0.0002

5.9 43.5 <0.0001

– 177.5 (225.0) –

1.33 (0.58) 0.81 (0.53) <0.0001

5.79 (13.39) 5.22 (13.03) 0.5147

69.56 (35.91) 45.21 (35.27) <0.0001

29.31 (12.89) 40.97 (24.87) <0.0001

26.3 53.6 <0.0001

46.2 72.1 <0.0001

47.8 24.9 <0.0001

range; HOMA-IR/b/S: homoeostasis model assessment of insulin resistance/b-cell

ncluding C-peptide and GADA measurements.
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Fig. 1. Odds ratios (ORs) and 95% confidence intervals (CIs) of latent autoimmune diabetes in adults (LADA) by type of family history of diabetes (FHD). LCL/UCL: lower/upper

control limit; T1D/T2D: type 1/type 2 diabetes.

Table 2
Odds ratios (ORs) and 95% confidence intervals (CIs) of latent autoimmune diabetes in adults (LADA) and type 2 diabetes (T2D) in relation to family history of diabetes (FHD).

LADA T2D

Cases/controls ORa (95% CI) ORb (95% CI) Cases/controls ORa (95% CI) ORb (95% CI)

No FHD 154/872 1 1 464/872 1 1

Any FHD 224/612 2.20 (1.73–2.78) 2.08 (1.63–2.65) 735/612 2.56 (2.17–3.03) 2.30 (1.89–2.80)

1st degree 164/353 2.38 (1.87–3.04) 2.22 (1.73–2.85) 578/353 2.99 (2.50–3.57) 2.66 (2.17–3.28)

2nd degree 60/259 1.45 (1.13–1.87) 1.43 (1.10–1.85) 157/259 1.45 (1.20–1.75) 1.48 (1.18–1.84)

Relatives with diabetes (n)

1 95/371 1.53 (1.15–2.05) 1.48 (1.10–1.99) 333/371 1.85 (1.52–2.26) 1.68 (1.33–2.12)

2 72/148 2.93 (2.09–4.10) 2.67 (1.89–3.78) 182/148 2.62 (2.01–3.40) 2.26 (1.67–3.06)

>2 49/86 3.38 (2.28–5.02) 3.19 (2.13–4.78) 209/86 5.97 (4.42–8.08) 5.33 (3.78–7.53)

Any parent 115/275 1.55 (1.18–2.04) 1.48 (1.12–1.95) 419/275 2.16 (1.77–2.63) 1.99 (1.58–2.49)

Mother 53/135 1.48 (1.03–2.12) 1.38 (0.95–2.00) 204/135 2.10 (1.61–2.72) 1.88 (1.39–2.53)

Father 52/121 1.69 (1.16–2.44) 1.63 (1.11–2.37) 162/121 2.04 (1.54–2.69) 1.96 (1.43–2.70)

Both 10/19 1.59 (0.69–3.66) 1.53 (0.66–3.54) 53/19 3.61 (2.02–6.43) 2.89 (1.52–5.50)

Any sibling 74/96 3.33 (2.36–4.70) 3.05 (2.14–4.35) 266/96 3.18 (2.44–4.15) 2.90 (2.15–3.90)

Sister 22/36 2.71 (1.54–4.77) 2.39 (1.34–4.26) 86/36 2.68 (1.76–4.09) 2.40 (1.48–3.87)

Brother 38/49 3.06 (1.93–4.87) 2.88 (1.79–4.63) 139/49 3.12 (2.18–4.47) 2.92 (1.95–4.36)

Both 8/7 5.79 (1.99–16.83) 5.39 (1.83–15.86) 31/7 5.23 (2.16–12.71) 4.83 (1.86–12.53)

Children 13/28 1.87 (0.93–3.77) 1.90 (0.94–3.86) 46/28 1.83 (1.08–3.10) 1.28 (0.71–2.30)

Mother/sister 59/150 1.86 (1.32–2.62) 1.68 (1.18–2.40) 204/150 2.42 (1.89–3.11) 2.14 (1.60–2.85)

Father/brother 66/144 2.30 (1.65–3.20) 2.17 (1.55–3.05) 220/144 2.70 (2.11–3.46) 2.64 (1.98–3.52)

Both 27/38 3.66 (2.17–6.19) 3.28 (1.92–5.61) 130/38 6.05 (4.07–9.01) 4.81 (3.08–7.50)

a Model 1: adjusted for age, gender.
b Model 2: adjusted for age, gender, body mass index, education, smoking.

R. Hjort et al. / Diabetes & Metabolism 43 (2017) 536–542 539



Table 3
Characteristics of latent autoimmune diabetes in adults (LADA) by first-degree family history of diabetes (FHD).

LADA

No FHD FHD P FHD–T1D FHD–T2D P

Subjects, n 154 164a 30b 126b

Women, % 37.0 54.9 0.0014 56.7 54.0 0.7897

Age at onset, years, mean (SD) 59.7 (12.6) 59.4 (12.1) 0.8056 57.4 (14.6) 60.0 (11.4) 0.2932

BMI, kg/m2, mean (SD) 27.7 (4.7) 28.4 (5.6) 0.2218 27.9 (6.0) 28.8 (5.4) 0.4264

C-peptide, nmol/L, mean (SD) 0.81 (0.53) 0.84 (0.53) 0.5866 0.65 (0.43) 0.91 (0.54) 0.0181

GADA, IU/mL, median (IQR) 143.5 (226.0) 191.5 (222.0) 0.2697 250.0 (169.0) 104.0 (226.0) 0.0472

HOMA-IR, mean (SD) 6.78 (18.28) 4.48 (8.92) 0.1973 3.25 (2.83) 4.32 (8.88) 0.5843

HOMA-b, mean (SD) 45.43 (36.42) 46.66 (34.32) 0.7827 43.35 (36.73) 48.76 (34.08) 0.5119

HOMA-S, mean (SD) 36.01 (20.38) 43.18 (26.82) 0.0197 51.38 (34.15) 41.18 (24.24) 0.1031

HLA DR4-DQ8, % 48.3 57.7 0.1573 70.0 53.6 0.1826

High-risk HLA genotypesc, % 71.1 73.9 0.6358 90.0 69.1 0.0576

HLA DRX/X, % 25.4 23.4 0.7251 5.0 28.6 0.0384

IQR: interquartile range; HOMA-IR/b/S: homoeostasis model assessment of insulin resistance/b-cell function/insulin sensitivity; HLA: human leucocyte antigen.
a Excluding n = 60 with only second-degree FHD.
b Excluding n = 8 with both FHD–T1D and FHD–T2D.
c DR4-DQ8, DR3/3, DR4/4, DR3/4, DR3/X, DR4/X combined.
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linked to FHD–T2D (OR: 2.7, 95% CI: 2.2–3.3), but not significantly
to FHD–T1D (OR: 1.5, 95% CI: 0.8–3.0) (Fig. S1; see supplementary
materials associated with this article online). Compared with
having a parent or child with T2D (Table SII; see supplementary
materials associated with this article online), the excess risk
appeared to be more pronounced in those whose siblings had
T2D.

Characteristics of patients by family history of diabetes

LADA patients with FHD–T1D, compared with LADA patients
with FHD–T2D, had lower levels of C-peptide and higher levels of
GADA, lower prevalence of the low-risk genotype DRX/X (5.0%
vs 28.6%, respectively; P = 0.0384), and a tendency for higher
prevalences of the high-risk DR4-DQ8 (70.0% vs 53.6%, respectively;
P = 0.1826) and the combined high-risk genotypes (90.0% vs 69.1%,
respectively; P = 0.0576) (Table 3). Only eight LADA patients had a
mixed family history with both FHD–T1D and FHD–T2D. Com-
pared with T2D patients, LADA patients with FHD–T2D had lower
levels of C-peptide (0.91 vs 1.33 nmol/L; P < 0.0001) and HOMA-b
(48.76 vs 69.56, respectively; P < 0.0001), and a lower frequency of
the low-risk genotype (28.6% vs 47.8%, respectively; P = 0.0008)
and a higher frequency of the high-risk genotype (53.6% vs 26.3%,
respectively; P < 0.0001). Characteristics of patients with T2D and
FHD–T1D and FHD–T2D are presented in Table SIII (see supple-
mentary materials associated with this article online). Only a few
patients with T2D had exclusively FHD–T1D (2%), and they had a
lower prevalence of the low-risk genotype than those with FHD–
T2D, as well as a higher prevalence of the high-risk variants.

Discussion

Our present study is, to our knowledge, the first to explore the
relative contributions of FHD–T1D and FHD–T2D to the risk of
LADA. Indeed, our findings indicate that the risk of LADA is, by far,
more pronounced in individuals with T1D in the family: a sixfold
greater risk was associated with FHD–T1D in first-degree relatives
compared with a twofold increased risk with FHD–T2D. Associa-
tions with both FHD–T1D and FHD–T2D lend support to the
hypothesis of LADA as a genetic mix of T1D and T2D [10,11,32],
although the strong association observed with FHD–T1D empha-
sizes the importance of genes related to autoimmunity in the
promotion of LADA. Our present results also highlight the
heterogeneity of LADA, demonstrating phenotype differences
between patients with FHD–T1D and FHD–T2D. In contrast to
previous findings in T1D [1,33], the excess risk seems to be similar
for female and male relatives. Furthermore, our present findings
confirm previous observations that FHD is a strong risk factor for
LADA [12,13], and that the risk increases with the number and
closeness of relatives. Adjusting for lifestyle factors explained only
a small part of the excess risk associated with FHD, which is
consistent with previous findings for T2D [2].

The heredity behind T1D is first and foremost transmitted by
genes in the HLA class-II region [3], where the DR4-DQ8 haplotype
is one of the strongest predictors [34]. As further support, LADA
patients reporting FHD–T1D presented with lower prevalences of
the protective DRX/X genotype and tended to have higher
prevalences of the high-risk HLA genotypes compared with LADA
patients with FHD–T2D. Our findings have also indicated that
FHD–T1D is associated with a more T1D-like LADA, with more
autoimmunity. This fits with previous reports that the degree of
autoimmunity in LADA is linked to the frequency of HLA DQB1

genotypes [6,7,32]. Although the genes linked to T2D were not
studied, our findings are consistent with a link between genes
related to T2D and LADA, as shown elsewhere [9–11]. Another
explanation is that shared lifestyle factors promoting T2D may also
be associated with LADA. The few previous studies of a family
history of T1D vs T2D in LADA support our present findings;
Fourlanos et al. [20] found that FHD–T2D is almost as common in
LADA patients as in T2D patients, whereas FHD–T1D is significant-
ly more prevalent. Studies of T2D are also in keeping with our data
by suggesting that a family history of both types are more common
in T2D patients positive for GAD autoantibodies than in GADA-
negative patients [16–18].

The risk of T2D was primarily linked to FHD–T2D. Patients with
FHD had lower levels of C-peptide than those without FHD, which
is consistent with previous studies [12,35]. In line with this, a
majority of the most common gene variants for T2D, including
variants of the TCF7L2 gene [4], have been suggested to affect
disease development via impaired insulin secretion rather than
insulin resistance [5,35]. On the other hand, no differences were
found in levels of HOMA-b between the two groups, suggesting
that this interpretation of our study results should be made with
caution. Also, the association between T2D and FHD–T1D was
weak. One implication of this finding is that, for subjects who
present with T2D-like symptoms but report FHD–T1D, it may be
advisable to screen for GADA, as these patients may have LADA.
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Strengths and limitations

Our study strengths include the large number of LADA cases,
with detailed information on FHD and potential confounders, as
well as the population-based nature of the study. The main
limitation was that the information on FHD was self-reported. Also,
patients with diabetes may be more likely to remember or enquire
about their relatives with diabetes, and relatives may also be more
inclined to seek medical care for symptoms, which may have led to
overestimation of the association between FHD and diabetes. On
the other hand, as all patients were newly diagnosed, the period of
increased awareness among relatives was brief.

It should also be noted that the type of diabetes in relatives was
classified based on age at onset and use of insulin treatment as
recalled by the participant. Importantly, individuals classified as
having FHD–T1D were more likely to have the DR4-DQ8 genotype
associated with T1D, whereas FHD–T2D was associated with the
low-risk DRX/X genotype, supporting the validity of self-reporting.
Still, some relatives classified as having T2D may, in fact, have had
autoimmune diabetes with onset at age > 40. This may have
contributed to an association between LADA and FHD–T2D.
However, after re-running the analysis with a stricter FHD–T2D
classification (� 40 years and no insulin treatment), an association
with LADA was still observed. False-positive cases of LADA might
also explain the association with FHD–T2D, although this seems
unlikely, as the association with FHD–T2D was found even when
the analysis was restricted to LADA patients with high (above
median) GADA levels. Moreover, LADA patients with FHD–T2D
differed from patients with T2D in both clinical and genetic
characteristics.

The sensitivity of the GADA assay implies that some patients
with LADA were classified as GADA-negative (having T2D). Also,
even though it has been shown that GADA is by far the most
common antibody in LADA, present in around 90% of all patients
[36], other unmeasured autoantibodies, such as insulinoma-
associated protein 2 and zinc transporter-8, may have been
present. This would explain the tendency for the observed
association between FHD–T1D and T2D. Notably, T2D patients
with FHD–T1D had a lower prevalence of the low-risk HLA
genotypes and a higher prevalence of the high-risk HLA genotypes
than those with FHD–T2D. Finally, it should be noted that the
incidence of T1D in Scandinavia is the highest in the world [37],
and the relative importance of FHD–T1D and FHD–T2D may differ
from those of populations with lower incidences and different
genetic bases.

In conclusion, having both T1D and T2D in the family is
associated with the risk of LADA, and the strong association with
FHD–T1D suggests that genes related to autoimmunity are more
influential in the development of LADA than those related to T2D.
Given this situation, it is noteworthy that, with regard to lifestyle,
studies to date indicate that LADA shares several risk factors with
T2D, including smoking [38], alcohol consumption (protective)
[39] and low birth weight [40]. Taken together, these findings
indicate that LADA development is promoted by genes related to
autoimmunity and by lifestyle factors that increase insulin
resistance.
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