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Table 1. Clinical characteristics according to ALMS1 genotype

Amino Acid Type 2 DM p NGT p

2674 Asp/Asp Asp/His His/His Asp/Asp Asp/His His/His
n 118 61 6 112 45 3 0.43 (0.23)a

BMI (kg/m2) 28.7±0.4 28.5±0.6 27.2±1.5 0.88 26.2±0.3 26.0±0.4 25.6±1.3 0.86
FPG (mmol/l) 7.85±0.27 7.48±0.28 7.37±1.04 0.65 5.45±0.07 5.37±0.11 4.87±0.27 0.34
2 h glucose (mmol/l) n.a. n.a. n.a. 5.36±0.17 5.45±0.16 5.17±1.05 0.88
FPI (pmol/l) 15.2±1.3 16.8±1.8 21.3±5.0 0.07 13.8±0.7 14.3±1.0 9.0±0.2 0.29
HOMA IR 5.16±0.47 5.47±0.56 7.00±1.97 0.39 3.37±0.17 3.53±0.30 1.96±0.11 0.30

2828 Arg/Arg Arg/Ser Ser/Ser Arg/Arg Arg/Ser Ser/Ser
n 114 63 7 98 54 12 0.37 (0.41)a

BMI (kg/m2) 28.9±0.5 28.0±0.5 30.1±2.2 0.51 26.2±0.3 26.3±0.4 25.1±1.0 0.36
FPG (mmol/l) 7.58±0.23 7.73±0.34 9.86±2.10 0.07 5.34±0.05 5.58±0.14 5.32±0.18 0.12
2 h glucose (mmol/l) n.a. n.a. n.a. 5.27±0.11 5.58±0.32 5.56±0.30 0.50
FPI (pmol/l) 16.5±1.3 13.3±0.8 12.3±2.7 0.31 13.5±0.7 14.8±0.8 12.0±1.5 0.49
HOMA IR 5.25±0.37 4.85±0.46 5.14±0.48 0.97 3.23±0.17 3.72±0.27 2.92±0.45 0.28

4031 Lys/Lys Lys/Arg Arg/Arg Lys/Lys Lys/Arg Arg/Arg
n 30 93 65 31 80 56 0.83 (0.65) a
BMI (kg/m2) 29.0±0.9 27.8±0.4 29.4±0.7 0.26 25.4±0.4 26.1±0.4 26.6±0.4 0.27
FPG (mmol/l) 8.42±0.64 7.33±0.24 7.92±0.32 0.25 5.34±0.12 5.39±0.07 5.40±0.05 0.88
2 h glucose (mmol/l) n.a. n.a. n.a. 5.47±0.22 5.27±0.12 5.19±0.16 0.35
FPI (pmol/l) 17.7±4.0 15.2±1.0 15.8±1.7 0.26 13.5±1.3 13.7±0.5 14.3±1.0 0.88
HOMA IR 5.15±0.66 5.04±0.39 5.14±0.51 0.79 3.35±0.43 3.31±0.16 3.49±0.27 0.76

Data are means±SEM. a Differences in genotype and allele (p value) distributions were tested by Fisher’s exact tests. p values 
represent values obtained after linear regression analysis with correction for age, sex and BMI

Lack of association between 
gene variants in the ALMS1 gene 
and Type 2 diabetes mellitus

Association studies were carried out with Type 2 diabetic pa-
tients (n=188) and age-matched normoglycaemic subjects
(n=167) randomly chosen from a population-based study in the
Netherlands [3]. Glucose tolerance status was confirmed by
OGTT in all subjects as described previously [3]. All participants
were between 50 and 75 years and of Caucasian origin to avoid
bias. Allele frequencies of gene variants in the ALMS1 gene were
compared between Type 2 diabetic subjects and matched controls
using Fischer’s exact tests. ANOVA or linear regression analysis
was carried out to test associations with other diabetes related pa-
rameters like BMI, glucose and insulin concentrations. A p value
of 0.05 or less was considered statistically significant.

We carried out a database search to identify genetic variation
in the coding region of the gene. Recently it has been shown that
disease-associated gene variants are found more frequently in
the coding regions of the gene compared to the non-coding re-
gions [4]. Therefore we have limited our study to these gene
variants. A total of 78 SNPs in the ALMS1 gene were described
in the public SNP database which is available via the internet
(http://www.ncbi.nlm.nih.gov/SNP/, Jan 2003). Seven of these
were in the coding regions of the ALMS1 gene. Two of these
seven gene variants were silent, Asn3815 (AAC-AAT) and
Leu4060 (CTG-TTG). The other variants were at positions
Gly673 (Gly-Val, GGA-GTA), Asp2674 (Asp-His, GAT-CAT),
Asp2678 (Asp-Ala, GAC-GCC), Arg2828 (Arg-Ser, AGG-
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To the Editor: Recently the gene responsible for the Alström
syndrome has been identified [1, 2]. It was shown that muta-
tions in this large gene, encoding for a protein of 4169 amino
acids, associate with Alström syndrome cases. Alström syn-
drome is an autosomal recessive disease; characterized by reti-
nitis pigmentosa, Type 2 diabetes mellitus, obesity and sensori-
neural deafness (OMIM 203800). Furthermore patients fre-
quently have cardiomyopathy, insulin resistance and dyslipida-
emia. Since many of these features are also seen in Type 2 dia-
betes mellitus patients this gene is a potential candidate gene
for Type 2 diabetic patients and associating co-morbidities.
This led us to search for gene variants in the ALMS1 gene in
Type 2 diabetes, obesity and insulin resistance.
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AGT) and Lys4031 (Lys-Arg, AAG-AGG). The gene variants at
Gly673 and Asp2674 and at Arg2828 and Leu4060 were in
complete linkage disequilibrium with each other (n=179 and
n=95 respectively). Gene variants at position Asp2678 and
Asn3815 were not detected in our cohorts. Therefore we limited
our studies to the gene variants at positions Asp2674, Arg2828
and Lys4031, which were subsequently studied in detail in the
association studies (Table 1). Genotypes were determined by
PCR-RFLP based methods in each individual after validation of
the detection method by direct sequencing.

The observed frequencies were all in Hardy-Weinberg equi-
librium (data not shown). Genotype and allele frequencies
were not significantly different between patients and control
subjects for either of the gene variants (All p>0.2, Table 1).
Furthermore we did not observe significant associations with
other parameters like BMI, glucose or insulin concentrations
during OGTT (All p>0.05, Table 1). Insulin resistance as cal-
culated by the HOMA insulin resistance index (HOMA IR)
was also not significantly different between the different geno-
types (p >0.3, Table 1). Trends observed in the initial cohort
could not be replicated in an independent population-based
sample from the Rotterdam study (Type 2 DM, n=95 and NGT,
n=188, data not shown) [5]. A priori power calculations
showed that we had an 80 percent power to detect differences
in allele frequency around 10 percent. We have also recon-
structed haplotype combinations of the different gene variants
using the PHASE v1.0 program [6]. We observed six different
haplotype combinations, however; they were not significantly
different between the cases and controls (p>0.2, data not
shown). Also the reconstructed haplotypes did not associate
with diabetes related parameters (data not shown).

This report describes association studies with gene variants
in the coding region of the ALMS1 gene in Type 2 diabetes.
The absence of significant associations suggest that the vari-
ants observed in our studies are not major factors in the patho-
genesis of Type 2 diabetes mellitus or obesity. Furthermore we
found no evidence for a disease-associated haplotype. We con-
clude that known gene variants in the coding regions of the
ALMS1 gene are not associated with Type 2 diabetes, BMI or
other diabetes related parameters in a population based study
in The Netherlands. Further studies in other (larger) cohorts
and with gene variants in other parts of this large gene locus
are necessary to fully investigate the role of this gene in the
pathogenesis of Type 2 diabetes mellitus and/or obesity.
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Autoantibodies in Type 1 and Type 2 
diabetes in the Old Order Amish 
of Lancaster County, Pennsylvania

To the editor: Autoantibodies to IA-2 (IA-2A) and GAD
(GADA) have been widely used to identify individuals with
Type 1 diabetes [1]. Up to 90% of newly diagnosed Type 1 pa-
tients have IA-2A and/or GADA. The number of Type 2 patients
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with these autoantibodies is considerably lower, usually between
2 to 4% for IA-2 and 5 to 10% for GAD. Of non-diabetic control
populations 1% or less have these autoantibodies.

Autoantibodies are of particular interest in genetically ho-
mogenous populations as in Finland [2] and Sardinia [3] since
they could provide epidemiological and mechanistic insights in-
to the role of these antibodies in the pathogenesis of diabetes.
Such a genetically unique population also exists in the United
States. The Old Order Amish emigrated from Western Europe
to the United States at the beginning of the 18th century, ap-
proximately 200 families settled in Lancaster county, Pennsyl-
vania [4]. The Old Order Amish are a genetically isolated and
well-defined closed Caucasian population, with a high degree
of consanguinity, and virtually no outsiders marrying into the
community. Type 2 diabetes has been studied in this population
[4], but autoimmune diabetes has not been examined.


