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Context: Alström syndrome (AS) is a monogenic form of infancy-
onset obesity and insulin resistance, caused by ALMS1 mutations.
The natural history of the insulin resistance is unknown, in particular
how this relates to changes in body composition. It is also unclear how
ALMS1 mutations relate to the characteristic phenotype.

Objectives: Our objectives were to characterize body composition
and metabolic parameters, to establish ALMS1 mutation spectrum of
United Kingdom AS patients, and to determine whether a genotype-
phenotype correlation exists.

Design and Patients: We conducted a cross-sectional cohort study
of 12 unrelated subjects with AS. Age-standardized body composition
was assessed by anthropometry and dual-energy x-ray absorptiom-
etry and insulin sensitivity by homeostasis model assessment. The
exons and intron-exon boundaries of ALMS1 were directly sequenced.

Setting: The study was performed during the annual Alström Syn-
drome UK multidisciplinary screening clinic.

Results: AS patients have early-onset obesity, but body mass index,
waist circumference, and body fat from dual-energy x-ray absorpti-
ometry were negatively correlated with age (r � �0.37, P � 0.2; r �
�0.84, P � 0.002; and r � �0.6, P � 0.05). Despite this, insulin
resistance increased, demonstrated by raised fasting insulin and fall
in homeostasis model assessment insulin sensitivity with age (r �
�0.64, P � 0.02). ALMS1 mutations were identified in 10 of 12 pa-
tients, with a potential founder mutation in exon 16 present in five
[np 10775del (C); Del3592fs/ter3597]. No genotype-phenotype corre-
lation was observed.

Conclusions: We identified mutations in ALMS1 in more than 80%
of patients with no genotype-phenotype correlation. In AS, severe
childhood obesity, waist circumference, and body fat decrease with
age, whereas insulin resistance increases. The abdominal obesity,
insulin resistance, diabetes, hypertriglyceridemia, and hypertension
suggest that AS could represent a monogenic model for the metabolic
syndrome. (J Clin Endocrinol Metab 91: 3110–3116, 2006)

ALSTRÖM SYNDROME (AS) (OMIN 203800) (1) is the
autosomal recessive inherited association of retinal

dystrophy, sensorineural deafness, and obesity. Other fea-
tures include diabetes mellitus, hypertriglyceridemia, car-
diomyopathy, hepatic disease, and urological abnormalities
(2–5). The prevalence is less than 1:100,000, and heterozygote
carriers may be at increased risk for deafness and type 2
diabetes (1).

Progressive cone-rod dystrophy causes nystagmus in in-
fancy and blindness by adulthood (5); sensorineural deafness
presents in childhood (2, 4). Other patients present with
dilated cardiomyopathy in infancy (5, 6), and this can recur
or present de novo later (2, 4). Obesity also develops in in-
fancy, with diabetes mellitus in 70% of subjects in the second

to third decade (2). Euglycemic hyperinsulinemic clamps
confirm marked insulin resistance (7). The hyperinsulinemia
is associated with acanthosis nigricans (8), hypertension, and
hypertriglyceridemia (9), which can be severe and lead to
pancreatitis (9, 10). Liver function abnormalities and nonal-
coholic steatohepatitis are common (11). Other endocrine
complications include hypogonadotropic hypogonadism in
male patients and hypothyroidism. Global developmental
delay with normal intelligence is common (2). Urological
dysfunction due to detrusor-urethral dyssynergia occurs in
50% of patients in the second to third decade (12).

Cardiomyopathy accounts for most mortality in the first
three decades of life; in the United Kingdom, death from
cardiac failure occurred in 27% of Alström patients in the first
or second decade (Alström Syndrome UK data). Renal failure
is the commonest cause of death in older patients (2). Late
fibrotic changes have been described at postmortem in sev-
eral organs including the kidneys, liver, and lungs (2, 13).

There are few published data on body composition (2, 14).
Rapid weight gain is reported in infancy with accelerated
childhood growth but reduced final adult height. Body mass
index (BMI) was raised in children compared with age-

First Published Online May 23, 2006
* J.A.L.M., K.R.O., and C.J.R. contributed equally to this work.
Abbreviations: AS, Alström syndrome; BMI, body mass index; DXA,

dual-energy x-ray absorptiometry; HOMA, homeostasis model assess-
ment; SDS, sd score.
JCEM is published monthly by The Endocrine Society (http://www.
endo-society.org), the foremost professional society serving the en-
docrine community.

0021-972X/06/$15.00/0 The Journal of Clinical Endocrinology & Metabolism 91(8):3110–3116
Printed in U.S.A. Copyright © 2006 by The Endocrine Society

doi: 10.1210/jc.2005-2633

3110

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/91/8/3110/2656656 by guest on 24 April 2024



matched controls, and adults remained obese, but BMI de-
clined with the onset of other complications (2).

Mutations in the gene ALMS1 on chromosome 2p13.1 were
recently identified in patients (15, 16). ALMS1 consists of 23
exons encompassing over 224 kb of genomic DNA encoding
a polypeptide of 4169 amino acids, with a predicted molec-
ular mass of 461.2 kDa. Computer predictions suggested a
leucine zipper motif at amino acids 221–223, but no other
known evolutionarily conserved sequence domains are ap-
parent. The ALMS1 protein is of unknown function, is widely
expressed in human and mouse tissues (15–17), and localizes
to centrosomes and the base of cilia (18). The basic patho-
physiology is thought to involve intracellular trafficking.

It is not clear how body composition in AS relates to
insulin resistance, how many patients with AS have muta-
tions in ALMS1, or whether the mutations correlate with
phenotype. We therefore aimed to describe the clinical, body
composition, and genetic characteristics of a cohort of United
Kingdom patients with a clinical diagnosis of AS.

Subjects and Methods

Subjects were recruited from the Alström Syndrome UK
society screening clinic. The Alström Syndrome UK society (www.
Alstrom.org.uk) is an active patient support group representing British
families with AS. At the annual clinic, patients have a multidisciplinary
review, including cardiac, metabolic, ear, nose, and throat, and urolog-
ical assessments. All participants had AS based on minimum clinical
criteria of infantile retinal dystrophy, sensorineural deafness, and obe-
sity (see Table 1 for full clinical characteristics of the subjects).

Subjects were recruited for additional measurement of metabolic
parameters and body composition and for genetic analysis. All subjects
gave written informed consent, and ethical approval was obtained from
the local ethics committee.

A medical questionnaire was completed for each participant (birth
details, medical history, medications and allergies, family history, and
pubertal status); patients were examined, and hospital case notes were
reviewed.

Metabolic measurements

Fasting blood samples were taken for the following measurements:
glucose and lipids (Vitros 950 Dry Chemistry Analyser; Ortho Clinical
Diagnostics, High Wycombe, UK); insulin was measured by a nonspe-
cific insulin ELISA method (Mercodia Iso-Insulin assay; Diagenics Ltd.,
Milton Keynes, UK). This assay cross-reacts 56% with split proinsulin;
an internal audit of 66 samples from patients with clinical signs of insulin
resistance showed the lowest insulin level recorded was 120 pmol/liter
(Wark G., unpublished data). This compares with the American Heart
Association’s guidelines for evaluating fasting plasma insulin levels in
children: normal, less than 99 pmol/liter (�15 mU/liter); borderline
high, 99–132 pmol/liter (15–20 mU/liter); high, more than 132 pmol/
liter (�20 mU/liter) (19). These results were compared with published
normal reference data for healthy white United Kingdom 5-yr-old chil-
dren (boys, mean of 25 pmol/liter and sd of 18; girls, 34 pmol/liter and
sd 19) (20) and white 14- to 16-yr-old adolescents (boys, 74 pmol/liter
and se of 5; girls, 84 pmol/liter and se of 5) (21). C-peptide was measured
by ELISA (Dako, Ely, UK) at the Regional Endocrine Laboratory, Uni-
versity Hospital Birmingham (fasting reference ranges quoted from this
laboratory are 200–800 pmol/liter). Insulin sensitivity and �-cell func-
tion were calculated from fasting glucose and insulin measurements
using the homeostasis model assessment (HOMA) (22, 23).

Body composition measurements

Weight was measured in light indoor clothing to the nearest 0.1 kg
(Tanita Digital scales), and height was measured without shoes to the
nearest 0.1 cm using a portable stadiometer (Leicester height measure;
Seca, Birmingham, UK). sd scores (SDS) were calculated using the

United Kingdom 1990 Growth Reference data (24). BMI was calculated
as weight (kilograms) divided by height (meters) squared. Overweight
and obesity were defined according to the International Obesity Task
Force guidelines, which define overweight as a BMI equivalent to a BMI
of 25 kg/m2 at age 18 and obesity as a BMI equivalent to a BMI of 30
kg/m2 at age 18 (25). These are equivalent to the 90th percentile (SDS
for males of 1.3, for females 1.19) and 99th percentile (SDS for males of
2.37, for females 2.25), respectively. Waist circumferences were mea-
sured to the nearest 0.1 cm using a flexible nonstretchable tape measure.
SDS were calculated using reference data for United Kingdom children
(26) and United Kingdom young adults (27). Waist circumference mea-
surements were also compared with adult cutoffs defined to identify
those at high risk of visceral obesity and the metabolic syndrome (male
normal, �94 cm; female normal, �80 cm) (2). Skinfold thickness was
measured to the nearest 0.1 mm with a Holtain caliper at the following
sites: biceps, triceps, suprailiac, and subscapular. All skinfold measure-
ments were taken in triplicate on the nondominant side by the same
person, and the average of three readings was used. Percent body fat was
calculated from the skinfold thickness measurements using age-appro-
priate linear regression equations (28, 29).

Patients underwent dual-energy x-ray absorptiometry (DXA) to give
measures of total body composition (GE Lunar Prodigy densitometer;
GE Systems, Chalfont St. Giles, UK). Trunk thickness and body weight
were used to ensure that each patient was scanned in the most appro-
priate acquisition mode. Scan acquisition was performed by trained
personnel and analysis performed by a single trained operator (N.C.).
Body composition was calculated from the whole-body scan to provide
measures of lean and fat body mass. Values for total body fat percent
derived from the DXA measurements were compared with Child
Growth Foundation reference curves for United Kingdom children up
to the age of 20 yr (30) or to the adult reference data supplied for the
Prodigy densitometer.

Genetic analysis

DNA was extracted from peripheral leukocytes (Nucleon BACC2 kit,
Amersham Biosciences, Little Chalfont, Buckinghamshire, UK). The
ALMS1 gene was screened for mutations by PCR and direct sequencing
of all the exons and intron-exon boundaries. Primer sequences are avail-
able from the authors. The PCR were performed in 30-�l volumes using
2 mm magnesium chloride, 2 mm dNTPs, and 1 U Taq polymerase
(Invitrogen, Paisley, UK). A 10-�l aliquot of each reaction was cleaned
by addition of 1.5 �l of both exonuclease I and shrimp alkaline phos-
phatase (Amersham). The sequencing reaction was performed in a 10-�l
volume using 4 �l of cleaned PCR product, 1� ABI sequencing buffer,
and 2 �l Big Dye terminator cycle sequencing mix (ABI Applied Bio-
systems, Warrington, UK). Products were resolved on a denaturing gel
and analyzed on an ABI 3730 automated sequencer (ABI Applied Bio-
systems). All novel mutations were excluded and polymorphism prev-
alence was assessed in 50 normal controls by restriction digest or direct
sequencing.

Results

Of 13 patients attending the annual Alström family screen-
ing clinic, 12 unrelated patients gave consent for the study;
11 underwent DXA scans (the younger sibling of family 10
did not take part in the study, and subject 4.1, aged 3 yr,
declined a DXA scan). The median age of patients was 19 yr
(range, 3–34 yr), and there were seven males. All patients
were of white United Kingdom origin, except patient 3.1,
who was of mixed African-Caribbean/white United King-
dom origin. Patients 6.1 and 10.1 had affected siblings. No
parent was affected, and there was no consanguinity. Five
families originated from the Yorkshire area of the United
Kingdom (families 1, 4, 5, 6, and 7).

Clinical characteristics

The clinical and biochemical characteristics of the cohort
are given in Table 1, and the body composition data are given
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in Table 2. All patients developed cone-rod dystrophy in
infancy; sensorineural deafness was present in all, presenting
most commonly in infancy, but up to 20 yr at detection in
patient 7.1. Seven patients had cardiomyopathy in infancy or
early adulthood or both.

Fasting hyperinsulinemia based on American Heart As-
sociation guidelines (19) was present in 10 of 12 patients
(�132 pmol/liter). The four youngest patients, subjects 4.1,
1.1, 2.1, and 10.1, had insulin levels more than 3 sd more than
age-matched norms. All the subjects had C-peptide greater
than the upper lab reference range of 800. Eight subjects had
acanthosis nigricans, and six had diabetes mellitus. Hyper-
triglyceridemia was present in 10 patients and hypercholes-
terolemia in six. Eight patients were hypertensive or on an-
tihypertensive medication. Five of seven of the adult patients
had the metabolic syndrome according to the current Inter-
national Diabetes Federation consensus definition (evidence
of central obesity (waist circumference � 94 cm in males and
�80 cm females), together with two other components (fast-
ing plasma glucose � 5.6 mmol/liter, blood pressure �
130/85 mm Hg, triglycerides � 1.7 mmol/liter, and high-
density lipoprotein cholesterol � 0.9 mmol/liter in males
and �1.1 mmol/liter females) (26).

Body composition and metabolic characteristics

The children in this cohort had height SDS above the mean,
but the adults were below the mean. All subjects were over-
weight, and 11 of 12 were obese according to the Interna-
tional Obesity Taskforce cutoffs (25). All the adults had waist
circumferences above the International Diabetes Federation
definition cutoffs for central obesity, and for all subjects, the
waist circumference was significantly above age-related cut-
offs. This was more marked in the younger subjects because
waist circumference SDS was strongly negatively correlated
with age (r � �0.84, P � 0.002). There was also a trend
toward decreasing BMI SDS with age (r � �0.37, P � 0.2).
The relationship with waist circumference remained after
controlling for BMI (r � �0.86, P � 0.003), confirming that
this observation was not just a reflection of change in body
weight.

Body fat calculated from skinfold thickness correlated
poorly with that measured on DXA scan, implying that skin-
fold thickness equations may not be valid for use in calcu-
lating body fat in AS patients (skinfolds vs. DXA r � 0.39, P �
0.34). However, body fat calculated from bioimpedance data
correlated well with DXA data (bioimpedance vs. DXA r �
0.9, P � 0.003) (data not shown). DXA estimates of body fat
(DXA percent body fat) were used for subsequent analyses.
All patients had DXA percent body fat in the top quartile for
age and sex. The falls in waist circumference SDS and BMI
SDS with age were accompanied by a fall in DXA percent
body fat with age (r � �0.6, P � 0.05). This relationship
persisted after controlling for BMI. There was no significant
sex difference in the median percentage body fat (males
38.4% vs. females 34.7%, P � 0.9). Because normal ranges for
percent body fat are higher in females (30, 31), this meant that
the male subjects generally had proportionately higher total
fat levels. However, the decrease in body fat seen with ageT
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meant that the two oldest subjects had body fat levels only
slightly above the normal range.

Insulin sensitivity as assessed by HOMA decreased with
age (r � �0.64, P � 0.02) despite the decrease in waist
circumference and DXA percent body fat.

Mutation analysis data

The ALMS1 cDNA sequence (GenBank NM_15120.2) was
used in this study. Sequences obtained from patients were
compared with the ALMS1 sequence and with normal con-
trol chromosomes. The A of the ATG of the initiator Met
codon was denoted as nucleotide �1. Sequencing of exons
1–23 revealed mutations in 10 of 12 patients (Table 3). How-
ever, in two subjects (patients 10.1 and 5.1), only one muta-
tion was identified. The majority of the mutations were non-
sense or frameshift mutations and suggested ALMS1 loss-
of-function mutations as the cause of AS. In total, five novel
mutations were identified in our cohort, of which three were
predicted to give rise to truncated protein products; two of
these were frameshifts followed by premature truncations,
and one was a nonsense mutation (Table 3). Missense mu-
tations were present as heterozygous mutations in two fam-
ilies: 1788 Asn[N]3Asp[D] (AAT3GAT) in patient 1.1 and
2946 Asn[N]3Lys[K] (AAC3AAG) in patient 2.1. None of
the mutations were present in 100 control alleles.

Phenotype-genotype relationships

Relationship with clinical features was examined for both
mutation positions within the gene, e.g. exons 8, 10, and 16,
and with the type of mutation, e.g. frameshift, nonsense, or
missense. Individuals with detected mutations were com-
pared with those in whom mutations were not detected. No
significant relationship could be observed between the clin-
ical features and mutation positions, type, or combinations.
There was no difference in clinical severity between patients
with no, one, or two mutations identified.

Evidence for a founder effect

As can be seen, the deletion in exon 16 (10775delC) was
identified in five of our cohort, who all either resided or
originated from Yorkshire, United Kingdom. These patients
had the same single-nucleotide polymorphism haplotype
(data not shown), suggesting the probability of a common
founder effect in these individuals.

Discussion

To our knowledge, this is the first systematic study on
insulin sensitivity and body composition in AS. We also
report mutation data from the largest United Kingdom co-
hort to date. Our cohort is likely to be representative of white
United Kingdom patients with AS, of whom there are about
30 known cases. However, there may be ethnic differences
with other United Kingdom patients of Pakistani origin (6).
All patients in our cohort were overweight or obese, but the
BMI SDS was lower in the older patients, suggesting that the
obesity ameliorated with age. This finding is in agreement
with others, who suggested that obesity moderated with the
onset of other clinical complications (2). Our data extendT

A
B

L
E

2.
B

od
y

co
m

po
si

ti
on

da
ta

on
U

n
it

ed
K

in
gd

om
A

ls
tr

öm
co

h
or

t

S
u

bj
ec

t
A

ge
(y

r)
S

ex
H

ei
gh

t
(m

)
W

ei
gh

t
(k

g)
B

M
I

(k
g/

m
2
)

W
ai

st
(c

m
)

B
ic

ep
s

sk
in

fo
ld

(m
m

)

T
ri

ce
ps

sk
in

fo
ld

(m
m

)

S
u

bs
ca

pu
la

r
sk

in
fo

ld
(m

m
)

S
u

pr
ai

li
ac

sk
in

fo
ld

(m
m

)

B
od

y
fa

t
%

(f
ro

m
sk

in
fo

ld
)

T
ot

al
bo

dy
fa

t
%

(D
X

A
)

T
ru

n
k

fa
t

%
(D

X
A

)

L
ea

n
m

as
s

%
(D

X
A

)

4.
1

3
M

0.
97

(1
.3

0)
24

.0
(4

.8
9)

25
.4

(4
.7

8)
1.

1
7.

9
M

1.
39

(2
.1

7)
51

.0
(3

.4
8)

26
.4

(3
.4

3)
89

(9
.8

7)
38

.5
,

�
98

th
pe

rc
en

ti
le

a
36

.9
60

10
.1

11
.4

M
1.

55
(1

.4
3)

66
.3

(2
.6

9)
27

.6
(2

.8
0)

95
(5

.2
9)

21
20

33
34

43
.4

42
.1

,
�

98
th

pe
rc

en
ti

le
a

39
.1

56
.3

2.
1

11
.9

F
1.

53
(0

.5
7)

52
.7

(1
.4

0)
22

.5
(1

.4
8)

80
(3

.6
5)

11
.9

15
.1

17
.3

14
.4

30
.6

31
.6

,
91

st
�

98
th

pe
rc

en
ti

le
a

32
65

.9
3.

1
15

.5
F

1.
53

(�
1.

56
)

70
.4

(1
.6

6)
30

.1
(2

.4
7)

88
(4

.6
9)

34
.7

,
91

st
-9

8t
h

pe
rc

en
ti

le
a

32
.4

63
.2

5.
1

19
.3

M
1.

59
(�

2.
56

)
90

.5
(1

.9
4)

35
.8

(3
.1

2)
10

3
(4

.6
6)

11
.3

17
.2

34
.7

35
27

.6
40

.8
,

�
98

th
pe

rc
en

ti
le

a
40

.8
57

.7
9.

1
19

.3
F

1.
59

(�
0.

77
)

73
.4

(1
.6

1)
29

.0
(2

.0
4)

95
(5

.2
6)

16
.8

11
.2

27
.9

19
.7

30
.5

36
.0

,
91

st
-9

8t
h

pe
rc

en
ti

le
a

34
.8

61
.8

11
.1

19
.8

F
1.

59
(�

0.
78

)
87

.6
(2

.6
4)

34
.6

(2
.9

3)
10

0
(6

.1
7)

21
.5

38
.1

40
23

.5
38

.6
44

.8
,

�
98

th
pe

rc
en

ti
le

a
41

.2
53

.4
6.

1
22

.5
F

1.
55

(�
1.

46
)

70
.4

(1
.3

2)
29

.3
(1

.9
8)

89
18

.2
17

.4
39

31
.5

37
.8

33
.8

,
76

th
pe

rc
en

ti
le

b
38

.5
63

.9
12

.1
29

.6
M

1.
33

(�
6.

27
)

72
.4

(0
.6

3)
40

.9
(3

.6
6)

95
(0

.2
7)

18
.1

17
.2

40
23

.3
27

.3
38

.3
,

�
98

th
pe

rc
en

ti
le

b
36

.3
60

7.
1

33
M

1.
56

(�
2.

95
)

69
.8

(0
.3

8)
26

.7
(1

.7
3)

98
(0

.5
5)

16
.4

8.
7

39
.4

26
27

.9
24

.2
,

85
th

pe
rc

en
ti

le
b

30
.3

73
.6

8.
1

34
M

1.
60

(�
2.

08
)

83
.8

(1
.5

9)
32

.7
(2

.8
0)

10
6

(1
.2

9)
20

.5
21

.1
39

.7
21

.5
29

.3
23

.3
,

78
th

pe
rc

en
ti

le
b

28
74

.6

N
u

m
be

rs
in

pa
re

n
th

es
es

ar
e

S
D

S
.

F
,

F
em

al
e;

M
,

m
al

e.
a

C
h

il
d

bo
dy

fa
t

ag
e

pe
rc

en
ti

le
va

lu
es

fr
om

R
ef

.
30

.
b

P
ro

di
gy

m
ac

h
in

e
ad

u
lt

re
fe

re
n

ce
da

ta
ba

se
d

on
U

n
it

ed
K

in
gd

om
po

pu
la

ti
on

.

Minton et al. • Insulin resistance and ALMS1 in Alström Syndrome J Clin Endocrinol Metab, August 2006, 91(8):3110–3116 3113

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/91/8/3110/2656656 by guest on 24 April 2024



these observations by showing that waist circumference SDS
and DXA percent body fat also decrease with age indepen-
dently of BMI changes. Paradoxically, insulin resistance in-
creases with age.

Our findings may indicate a change in body fat distribu-
tion with age to more metabolically active fat stores. How-
ever, it may be secondary to weight loss because of lifestyle
changes after the onset of diabetes. Alternatively, with onset
of diabetes, hyperglycemia per se may contribute to insulin
resistance. Other authors suggested that the onset of addi-
tional complications ameliorated obesity (2). We tested
whether presence of infantile or adult-onset cardiomyopa-
thy, chronic renal failure, or diabetes was associated with any
difference in BMI SDS. We found that infantile-onset or
adult-onset cardiomyopathy and presence of chronic renal
failure were not associated with differences in BMI SDS. We
also hypothesized that BMI SDS may apparently decrease
with age because of a survival advantage for those with
lower BMI. However, analysis of BMI data from AS patients
who have died did not show any difference in BMI SDS
compared with the study population (Paisey, R., unpublished
data). Therefore, there is not strong support from our data for
the hypothesis that onset of complications is responsible for the
changes observed. Additional study of body composition with
cross-sectional imaging techniques would be required to dem-
onstrate alterations in body fat distribution.

HOMA insulin sensitivity has previously been shown to
correlate strongly with insulin sensitivity measured by other
methods including hyperinsulinemic-euglycemic clamp and
the frequently sampled iv glucose tolerance test (32, 33). It
has also been validated for use in both prepubertal and obese
children, and it correlates similarly with clamp data in white
children (34). DXA has been evaluated against four-com-
partment models, and studies have shown that it overesti-
mates body fat by 1–4%, depending on age, sex, and degree
of obesity (35). The good correlation between DXA fat mea-

surements and four-compartment measurements, with such
a small magnitude of error, make it a convenient and suitable
method for studying patients in the clinical setting (36). Body
fat calculated from skinfolds did not correlate well with that
measured on DXA scan, implying that the skinfold thickness
equations used are not valid in AS.

One problem encountered in this study was lack of avail-
ability of population control data for the wide age range of
the subjects studied. Most population cohorts have an older
average age reflected in higher mean waist circumference
and body fat values. We accept that there are some limita-
tions to the values used. The use of waist circumference
norms for 17-yr-old subjects to calculate waist circumference
SDS in 19-yr-old subjects may overestimate the SDS for the
older subjects. We were not able to find a suitable young
adult cohort for percent body fat and so have quoted the
Prodigy densitometer reference data, which may underesti-
mate the percentiles for young adults. Contemporary United
Kingdom skinfold data across the whole childhood age range
are not published. Similarly, there are limited published data
available to age standardize fasting insulin. However, we
were able to use United Kingdom data from healthy 5-yr-old
children (20) and adolescents (21) to show that the Alström
subjects were insulin resistant from an early age.

Direct sequencing of the ALMS1 gene identified 13 dif-
ferent mutations in 10 of 12 patients, of which five were
novel, including three protein truncation mutations and two
missense mutations. There were no obvious phenotypic dif-
ferences in the two patients in whom we did not detect
mutations. It is possible that they harbor mutations in the
promoter or intronic regions. Alternatively, it is possible that
a second AS gene exists. To identify any possible mutation
hotspots in the ALMS1 protein sequence, we combined our
data with results from four other reports (6, 15, 16, 37). The
frequency of mutations was plotted against amino acid res-
idues (Fig. 1). The deletion in exon 16 (10775delC) is the

TABLE 3. Mutations identified in the ALMS1 gene

Family no. Exon Nucleotide change Amino acid change Type of mutation

4.1 16 10775del (C) Del3592fs/ter3597 Frameshift/truncation (15, 16)
16 10775del (C) Del3592fs/ter3597 Frameshift/truncation

1.1 8 5362A3G N1788D Missense (novel)
16 10775del (C) Del3592fs/ter3597 Frameshift/truncation

10.1 16 11107C3T R3703X Nonsense (6)
ND ND ND ND

2.1 8 6590del (A) Del2197fs/ter2206 Frameshift/truncation (novel)
10 8838C3G N2946K Missense (novel)

3.1 8 2225ins (A) Ins742fs/ter743 Frameshift/truncation (novel)
16 10975C3T R3659X Nonsense (novel)

5.1 16 11449C3T Q3817X Nonsense (15)
ND ND ND ND

9.1 10 8008C3T R2637X Nonsense (6)
16 10885C3T R3629X Nonsense (6)

11.1 ND ND ND ND
ND ND ND ND

6.1 16 10775del (C) Del3592fs/ter3597 Frameshift/truncation
16 10992G3A W3664X Nonsense (16)

12.1 ND ND ND ND
7.1 16 10483C3T Q3495X Nonsense (16)

16 10775del (C) Del3592fs/ter3597 Frameshift/truncation
8.1 16 10775del (C) Del3592fs/ter3597 Frameshift/truncation

16 11416C3T R3806X Nonsense (6)

The references show which mutations have been previously reported. ND, Mutation not detected.
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commonest mutation, both in our cohort and from previous
reports. This mutation was identified in five of our cohort,
who all either resided or originated from Yorkshire, United
Kingdom. These patients had the same single-nucleotide
polymorphism haplotype, suggesting the probability of a
common founder effect in these individuals. It is also pos-
sible that the frequency of this mutation is falsely elevated
because of the same Alström patients being reported in dif-
ferent publications. There were no significant genotype/phe-
notype correlations in our cohort; this may be a result of small
numbers in our study. However, heterogeneity has been
observed between members of the same sibship who clearly
share both genetic and environmental background in the
United Kingdom (37).

In conclusion, we describe the clinical and genetic char-
acteristics of a cohort of United Kingdom subjects with AS.
We confirm the clinical features of the syndrome and show
that in our patients, severe childhood obesity, waist circum-
ference, and body fat decrease compared with age-standard-
ized norms, whereas insulin resistance increases. We iden-
tified mutations in ALMS1 in more than 80% of patients with
no genotype-phenotype correlation and suggest that a
screening strategy in affected families should target exons 8,
10, and 16. The abdominal obesity, insulin resistance, dia-
betes, hypertriglyceridemia, and hypertension suggest that
AS could represent a monogenic model for the metabolic
syndrome.
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