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Lack of associations between serum leptin, a
polymorphism in the gene for the b3-adrenergic
receptor and glucose tolerance in the Dutch
population.
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Summary

BACKGROUND The associations between leptin
levels and the prevalence of a polymorphism in
the b3-adrenergic receptor were studied in a cross-
sectional analysis of 600 participants in a population-
based study, which were stratified for glucose
tolerance by an oral glucose tolerance test.
METHODS In a random sample of 600 participants in
the Rotterdam study, aged 55–75 years at baseline
(309 men, 291 women) the relationships were studied
between the presence of Trp64 Arg mutation in the b3-
adrenergic receptor gene and fasting leptin, glucose
and insulin (fasting and after an oral glucose
load), and other components of the insulin resistance
syndrome.
RESULTS Mean age of the study population
was 66·9 years (SD 5·7). Fasting serum leptin levels
overall in men and women were 6·1 mg/l (SE 0·2) and
21·7mg/l (0·9), respectively, ( P< 0·001). These differ-
ences were independent of age, body mass index and
waist to hip ratio.We identified 73/600 persons who
were heterozygotes for the Trp64 Arg polymorphism
(allelic frequency 6·1%), but failed to find an

association between the presence of this polymor-
phism and leptin or any measured parameter indica-
tive for obesity, impaired glucose tolerance or type 2
diabetes mellitus.
CONCLUSION Heterozygosity for the Trp64Arg poly-
morphism of the b3-adrenergic receptor gene is not
accompanied by obesity, impaired glucose tolerance
and type 2 diabetes mellitus in the general elderly
Dutch population, and is also not associated with
changes in circulating leptin levels.

Leptin is secreted from adipose tissue, circulates in the
blood, and acts on central neural networks which
regulate ingestive behaviour and energy balance (Campfield
et al., 1996). Circulating leptin levels have been found to be
increased in obesity and are correlated with body weight,
percentage body fat, body mass index (BMI), and plasma
insulin levels (Considineet al., 1995; Maffei et al., 1995).
Obesity is associated with insulin resistance and hyperinsuli-
naemia (Mykka¨nen et al., 1992), and may be an important
regulatory factor related to these conditions (Bodkinet al.,
1996).

The human ß3-adrenergic receptor is expressed mainly in
adipose tissue, where it plays a role in determining the resting
metabolic rate through its ability to stimulate lipolysis and
thermogenesis (Muzzinet al., 1991; Giacobino, 1995). A
polymorphism, a replacement of tryptophan by arginine at
position 64 (Trp64- Arg) in the gene coding for the human ß3-
adrenergic receptor, has been reported to be associated
with abdominal obesity (Wide´n et al., 1995; Yoshidaet al.,
1995), a propensity for weight gain (Cle´ment et al., 1995,
1996), high BMI (Kadowakiet al., 1995; Urhammeret al., 1996),
insulin resistance (Wide´n et al., 1995; Urhammeret al., 1996),
and an earlier onset of type 2 diabetes mellitus (Wide´n et
al., 1995; Walstonet al., 1995). Stimulation of theb3-
adrenergic receptor in animals inhibits leptin gene expression
in adipose tissue (Moinatet al., 1995). b3-Adrenoreceptor
mutations could contribute to increased leptin levels or leptin
resistance in humans, and could be the link between
(abdominal) adiposity and glucose (in)tolerance (Maurie´ge &
Bouchard, 1996). No data are available concerning interactions
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between mutations in theb3-adrenoreceptor and leptin in
humans (Giacobino, 1996).

The aim of our study was to investigate the prevalence of the
Trp64Arg allele for theb3-adrenergic receptor in the elderly
Dutch Caucasian population and its relationships with glucose
tolerance and leptin levels.

Materials and methods

Study population

The Rotterdam study is a population based cohort study of the
determinants of chronic disabling diseases in the elderly
(Hofmanet al., 1991). The baseline examination was conducted
from 1990 to 1993 and included 7983 subjects (response rate
78%).

During the first follow-up examination of the Rotterdam
Study in 1993–94 a second randomly selected sample of 1200
participants (out of the originally included 7983 subjects) of the
Rotterdam Study was invited for an additional diabetes study.
1107 participants were included (response rate 92%).The
participants were selected from those aged 55–75 years at the
baseline examination between 1990 and 1993. Equal numbers
of men and women were selected, whereas subjects with
probable dementia were excluded. All participants not using
antidiabetic medication underwent an oral glucose tolerance
test (OGTT) and were classified in type 2 diabetes mellitus,
impaired glucose tolerance, and normal glucose tolerance
according to the WHO criteria (Anonymous, 1985). The
presence of theb3-adrenergic receptor variant was examined
in 600 randomly selected subjects out of the 1107 subjects.

Informed consent was obtained from all subjects and the
investigation had been approved by the Medical Ethics
Committeee of the Erasmus University Rotterdam School of
Medicine, Rotterdam, The Netherlands.

Measurements

The participants came to the research centre after an overnight
fast. Blood was drawn by venepuncture and subjects not using
antidiabetic medication (tablets or insulin) underwent an oral
glucose tolerance test using a glucose drink of 75 g glucose.
Glucose and insulin were measured both fasting and two hours
after the glucose drink. A highly specific assay was used for the
measurement of insulin (IRMA, Medgenix Diagnostics,
Brussels, Belgium). The intra- and inter-assay coefficients of
variation of the insulin assay were 4·5% and 12·2%,
respectively, wheras the cross-reaction in this assay to
proinsulin was 0%.

Fasting serum leptin, triglycerides, cholesterol and HDL
cholesterol were measured in the fasting blood sample. Leptin

levels were assessed by radioimmunoassay (Blumet al., 1997).
The sensitivity of this assay was 0·03mg/l and the intra and
interassay coefficients of variation were 0·8% and 8·5%,
respectively. Genomic DNA was isolated from peripheral
leucocytes. The presence of the Trp64Arg allele of the
b3-adrenoceptor gene was determined as described by Wide´n
et al. (1995). In brief, after PCR of the DNA sample, the
amplified PCR products were digested with a restriction
enzyme specific for the sequence CC (A/T) GG. The digested
samples were separated by electrophoresis through a 3%
agarose gel and visualized with ethidium bromide. Both at
baseline and during follow-up blood pressure was measured
with a random-zero sphygmanometer, and the mean of two
measurements was used in the analyses. Hypertension was
defined as the use of antihypertensive medication and/or blood
pressure of 165/95 mmHg or over. Body mass index was
defined as the weight (kg) divided by the square of length (m),
and body fat distribution was assessed by the ratio of waist and
hip circumferences.

Data analysis

The clinical characteristics of the study population were
compared between men and women by linear regression
analysis. The differences in leptin levels between homozygotes
and heterozygotes were also compared with linear regression
analysis. Multiple linear regression analyses were used to asses
the associations between variables after adjustment for possible
confounders. Analyses in which the values were logarith-
mically transformed yielded similar results to those with
untransformed data. Because the interpretation of logarithmic
data is difficult, the nontransformed results are presented.To
assess differences between insulin levels in subjects with
normal glucose tolerance, impaired glucose tolerance, and
type 2 diabetes mellitus at-test for unpaired values was used. A
P-value< 0·05 was considered statically significant. All statis-
tical analyses were performed with Stata statistical package
(Computing Resource Center, Santa Monica, Ca, USA).

Results

In Table 1 the clinical characteristics of the study population are
given. Mean age of the population was 66·9 (SD 5·7) years.
Body mass index was higher in women than in men. Mean
serum leptin levels were 6·1mg/l (SE 0·2) in men and 21·7mg/l
(SE 0·9) in women. These differences were independent of age,
BMI, and WHR. Leptin increased with age: 0·32mg/l per year
(95% confidence interval: 0·03; 0·61) in women, while leptin
did not significantly change in men: 0·04mg/l per year (95% CI:
– 0·05; 0·12). The prevalence of type 2 diabetes mellitus was
higher in men. Serum cholesterol and HDL-cholesterol
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concentrations were lower and diastolic blood pressures were
higher in men than in women. The fasting leptin levels were
increased in men with type 2 diabetes and hypertension 7·7 (SE
0·6) vs 5·7 (SE 0·2)mg/l (P¼ 0·001, adjusted for age and
P¼ 0·019 adjusted for age and BMI) and 7·1 (SE 0·4)vs 5·4
(0·3)mg/l (P< 0·001), adjusted for age andP¼ 0·008, adjusted
for age and BMI, respectively). These differences were also
present in women: 25·3 (SE 3·0)vs21·1 (SE 0·9)mg/l (P¼ 0·17
andP¼ 0·75, respectively), and 25·9 (SE 1·6)vs19·3 (0·9)mg/l
(P<0·001 andP¼ 0·10, respectively). Fasting leptin levels were
associated with insulin levels 0·20mg/l/mU/l (95% CI: 0·13–
0·28) and these associations remained after adjustment for age,
gender and BMI.

There were no significant differences in mean leptin levels
between homozygotes and heterozygotes for theb3-adrenergic
gene when stratified to three categories of glucose tolerance
(Table 2). The leptin levels were significantly higher in subjects
with an impaired glucose tolerance than in subjects with a
normal glucose tolerance (P¼ 0·002), while no significant
differences in leptin were observed between subjects with
impaired glucose tolerance and type 2 diabetes mellitus
(P¼ 0·18), and between subjects with normal glucose tolerance
and type 2 diabetes mellitus (P¼ 0·25), respectively. Fasting
and postload insulin levels were significantly higher in subjects
with an impaired glucose tolerance and type 2 diabetes mellitus
(both P< 0·0001) when compared to subjects with a normal
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Table 1 Clinical characteristics of the study population (309 men and 291 women)

Men Women

mean (SE) mean (SE) P-value*

Age ( years) 66·7 (0·3) 67·1 (0·3) 0·38
BMI (kg/m2) 26·4 (0·2) 26·9 (0·2) 0·05
WHR 0·96 (0·004) 0·88 (0·005) <0·001
Fasting leptin (mg/l) 6·1 (0·2) 21·7 (0·9) <0·001
Fasting glucose (mmol/l) 6·3 (0·1) 6·1 (0·1) 0·06

Post-load glucose (mmol/l)† 7·0 (0·2) 6·6 (0·2) 0·16
Fasting insulin (mU/l) 14·8 (1·0) 14·2 (0·5) 0·59
Post-load insulin (mU/l)† 87·7 (5·6) 99·9 (9·0) 0·24
Type 2 diabetes mellitus 20·4% 12·0% 0·006
Impaired glucose tolerance 13·6% 13·7% 0·74
Cholesterol (mmol/l)‡ 6·31 (0·06) 6·80 (0·06) <0·001
HDL-cholesterol (mmol/l)‡ 1·17 (0·02) 1·39 (0·02) <0·001
Triglycerides (mmol/l)‡ 1·72 (0·05) 1·67 (0·05) 0·41
Blood pressure (mmHg)

Systolic 138·6 (1·2) 138·4 (1·2) 0·89
Diastolic 77·1 (0·7) 76·2 (0·64) 0·36

Hypertension 38·8% 35·7% 0·40

* Differences between men and women. †Not measured in subjects using antidiabetic medication (30 men, 34 women). ‡ Fasting values.

Table 2 Mean leptin levels in normals (A) and heterozygous subjects (B) for Trp64Arg polymorphism stratified by differences in glucose tolerance

Normal for Trp64Arg polymorphism (Trp/Trp) Heterozygous for Trp64Arg polymorphism (Trp/Arg)

Glucose Number of Leptin (mg/l) Number of Leptin (mg/l)
tolerance subjects Mean (SE) subjects Mean (SE) P-value*

Normal 348 12·8 (0·6) 50 9·7 (1·1) 0·06
Impaired 73 17·6 (2·0) 9 12·4 (4·5) 0·39
Type 2 diabetes mellitus 87 13·7 (1·4) 11 15·6 (7·0) 0·68

SE, standard error; * Difference between homozygotes and heterozygotes.



glucose tolerance, while there was no statistically significant
difference in insulin levels between subjects with an impaired
glucose tolerance and type 2 diabetes mellitus. Fasting insulin
levels were 12·4 (SE 0·3) (mU/l), 16·6 (SE 1·0) and 19·5 (SE
2·3) in subjects with normal glucose tolerance, impaired
glucose tolerance and type 2 diabetes mellitus, respectively.
Post-load insulin levels in these 3 groups were 64·1 (SE 2·7)
(mU/l), 168·9 (23·6) and 193·6 (23·5), respectively.

Seventy-three subjects were heterozygotes for the Trp64Arg
polymorphism (allellic frequency 6·1%), while no homo-
zygotes were found for theb3-adrenergic receptor gene
(Table 3). The mean serum leptin levels did not differ
significantly in normals and heterozygotes (Table 3). The
mean serum leptin levels remained not significantly after
further adjustment for BMI or WHR. There were no statistically
significant differences in gender, age, body mass index,
prevalence of obesity, insulin and glucose levels between
normals and heterozygotes. There were also no differences in
the prevalence of type 2 diabetes mellitus and impaired glucose

tolerance, waist- to-hip ratio, lipid levels and prevalence of
hypertension between normals and heterozygotes. Using linear
regression, we observed no associations between the presence
of the Trp64Arg polymorphism and leptin or any other
parameter indicative of obesity, insulin resistance syndrome
or type 2 diabetes mellitus and also no differences were
observed between men and women in this respect.

Discussion

We found no over-representation of persons heterozygous for
Trp64Arg polymorphism of the ß3-adrenergic receptor gene in
subjects with abnormal glucose tolerance or type 2 diabetes
mellitus. Heterozygosity for Trp64Arg polymorphism was also
not associated with changes in the circulating leptin levels.
However, since there were also no homozygotes for Trp64Arg
polymorphism in our study population and since the total
number of persons heterozygous for Trp64Arg polymorphism
was small, the results of our study should be interpreted with
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Table 3 Leptin levels and frequency of the components of the insulin resistance syndrome in subjects homozygous (normals) and heterozygous for the
Trp64Argb3-adrenergic polymorphism

Homozygous Heterozygous P-value*
(Trp/Trp) (Trp/Arg)

Number 527 73
Leptin (mg/l) 14·0 (SE 0·6) 11·5 (SE 1·4) 0·14
Gender (% males) 50·3 60·3 0·11
Age (years) 66·8 (0·25) 67·6 (0·67) 0·24
BMI (kg/m2) 26·7 (0·15) 26·3 (0·47) 0·40
Obesity (BMI>27 kg/m2) 41·8 35·2 0·29
WHR 0·92 (0·004) 0·92 (0·009) 0·81

Insulin (mU/l)
Fasting 14·5 (0·6) 14·6 (1·3) 0·93
Post-load 93·4 (5·5) 94·4 (16·4) 0·95

Glucose (mmol/l)
Fasting 6·2 (0·1) 6·2 (0·2) 0·95
Post-load 6·8 (0·14) 6·6 (0·4) 0·50

Glucose tolerance
Normal (%) 69·6 72·6 0·62
Impaired (%) 13·9 12·3 0·73
Type 2 diabetes mellitus (%) 16·5 15·1 0·76

HDL-cholesterol (mmol/l) 1·27 (0·01) 1·30 (0·04) 0·54
Triglycerides (mmol/l) 1·72 (0·04) 1·53 (0·08) 0·07

Blood Pressure (mm Hg)
Systolic 138·2 (0·9) 141·1 (2·5) 0·27
Diastolic 76·5 (0·5) 78·2 (1·2) 0·25
Hypertension (%) 37·6 39·7 0·63

Values are means with standard error in parenthesis. * Difference between homozygotes and heterozygotes.



caution. In some populations such as Pima Indians (Walston
et al., 1995), Danish Caucasians (Urhammeret al., 1996) and
Japanese (Kadowakiet al., 1995) associations between the
Trp64Arg polymorphism, components of the insulin resistance
syndrome and NIDDM have only been found in homozygotes
and not in heterozygotes. Moreover, environmental factors and/
or ageing might have preempted potential differences in the
genotype of theb3-adrenergic receptor in our study population.
A number of studies have recently reported both positively
(Clément et al., 1995; Kadowakiet al., 1995; Walstonet al.,
1995; Widén et al., 1995; Yoshidaet al., 1995; Kurabayashi
et al., 1996; Sakaneet al., 1996; Urhammeret al., 1996), as
well as negatively (Awata & Katayama, 1996; Elbeinet al.,
1996; Gagnonet al., 1996) on the presence of associations
between Trp64Arg polymorphism and features of the insulin
resistance syndrome and an earlier onset of type 2 diabetes
mellitus. However, among the populations studied there are
quantitative (gene dose) and qualitative differences in pheno-
typic expression of the Trp64Arg variant (Shuldineret al.,
1996). These differences therefore suggest that ethnic (genetic)
background is an important determinant of expression of theb3-
adrenergic receptor gene, but also that differences in the
environment may account for the observed variation in the
phenotypic expression among populations (Shuldineret al.,
1996). The presence of other type 2 diabetes mellitus and
obesity susceptibility genes in a specific population may
modify the effects of the Trp64Arg polymorphism, or even
mask its effect. In addition, observed differences in the reported
associations might be due to variations in study design,
selection of individuals, the characterization of phenotypes
and last but not least statistical analysis (Shuldineret al., 1996).
For example, the exclusion of subjects with dementia might
have influenced our study results, especially since dementia
leads to major weight loss (Ottet al., 1996).

No homozygotes for Trp64 Arg polymorphism were
observed in our elderly study population. On the basis of the
number of subjects studied and the allelic frequency only two
homozygotes could have been expected. Many more subjects
would have to be genotyped in order to determine convincingly
that there was an under-representation of homozygotes in
elderly. However, our findings are consistent with those of
Walstonet al. (1995), who showed that Pima Indian men (and to
some extent women) homozygous for the Trp64Arg polymorph-
ism are under-represented in older subjects.

In conclusion, in this elderly Dutch Caucasian population
heterozygosity for the gene coding for theb3-adrenergic
receptor is not accompanied by an increased prevalence of
impaired glucose tolerance or type 2 diabetes mellitus. In
addition, heterozygosity of the gene coding for theb3-
adrenergic receptor is also not associated with changes in the
circulating leptin levels.
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