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Abstract

Aims/hypothesis. Insulin resistance syndrome is an
important risk factor for developing premature coro-
nary heart disease. It is a complex syndrome which
could arise from the interaction of several genes mod-
ulated by environmental factors. The Trp64Arg poly-
morphism in the S3-adrenoreceptor gene has been
found to be associated with insulin resistance, obesity
or with earlier onset of Type II (non-insulin-depen-
dent) diabetes mellitus in different populations. We
aimed to study whether features of the insulin resis-
tance syndrome are associated with this polymor-
phism in Indo-Mauritian patients with premature cor-
onary heart disease.

Methods. We carried out a case control study using
PCR-RFLP techniques, of consecutive Indo-Mauri-
tian patients (n = 338) with premature coronary heart
disease (onset below age of 60 years) and unrelated
control subjects (n = 148) of the same ethnicity.
Results. In Indo-Mauritian patients with premature
coronary heart disease who were not treated by beta
blockers, triglyceride concentrations were lower (me-

dian: 1.44 vs 1.93 mmol/l, p < 0.008) and HDL choles-
terol concentrations higher (mean:0.98 vs 0.85 mmol/I,
p <0.015) in those carrying the wild type of the 53-
adrenoreceptor gene than in those carrying the
Trp64Arg variant. The latter genotype specific effect
on HDL was inverse in patients treated with beta
blockers.

Conclusion/interpretation. The [3-adrenoreceptor
gene variant seems to modulate the effects of beta
blockers on triglyceride and HDL cholesterol con-
centrations in this group of Indo-Mauritian popula-
tion. Dyslipidaemia, a key component of the meta-
bolic syndrome has a heterogeneous nature in Indo-
Mauritian subjects. This potent risk factor for early-
onset coronary heart disease is influenced by the in-
teraction between genetic and environmental effects.
[Diabetologia (2001) 44: 115-122]
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Several studies have documented high rates of coro-
nary heart disease (CHD) among migrants from the
Indian subcontinent [1]. The common risk factors
shared by these communities are increased plasma
triglyceride concentrations, decreased high density
lipoprotein (HDL) cholesterol, high fasting and
post-glucose insulin concentrations, central obesity
and a high prevalence of Type II (non-insulin-depen-
dent) diabetes mellitus. These features, found consis-
tently in Indian communities settled overseas, reflect
an underlying state of insulin resistance [2]. The ma-
jority of the Mauritian population, 70 %, are descen-
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dants of the Indian diaspora, from North-East India
(migration from the port of Calcutta) and from South
India (from the port of Madras) which began in the
mid 19" century. Metabolic abnormalities associated
with the insulin resistance syndrome (IRS) have
been shown to cluster in the Mauritian population
[3]. This syndrome, also called the metabolic syn-
drome, could arise from the interaction of a few genes
(oligogenic) or several genes (multigenic) modulated
by environmental factors.

A candidate gene for IRS is the f3-adrenoreceptor
gene with the Trp64Arg polymorphism which has
shown an association with earlier onset of Type II di-
abetes, with lower resting metabolic rate in Pima In-
dians [4] and with earlier onset of Type II diabetes
and IRS in non-diabetic subjects from West Finland
[5]- The genetic variation in the 3-adrenergic recep-
tor was also associated with an increased capacity
for weight gain in patients with morbid obesity in a
French study [6] and with obesity among Mexican-
Americans [7]. Recently proliferative retinopathy
was associated with this polymorphism in Japanese
diabetes patients [8]. Moreover, in this group of Japa-
nese, subjects carrying the variant had an earlier on-
set of Type II diabetes, higher BMI values, increased
serum triglyceride and decreased HDL concentra-
tions than the non-carriers, suggesting that they could
be more insulin resistant. To study whether the
Trp64Arg polymorphism was associated with features
of IRS in Mauritius, we carried out a comparative
study between unrelated patients with premature
CHD (onset at age 60) and unrelated control subjects
in a subgroup of the Mauritian population.

Subjects and methods

We recruited 338 consecutive unrelated Indo-Mauritian pa-
tients, descendants of North-East Indian immigrants,
(290 men, 48 women, mean age 48, SD =7) with premature
coronary heart disease (mean age of onset 45, SD = 7). They
were followed-up in coronary care units of two public hospitals
in Mauritius and 148 unrelated control subjects were matched
for ethnicity (120 men and 28 women, mean age 44, SD = 8).
We considered as positive for CHD a previous diagnosis of my-
ocardial infarction (MI) based on the existence of at least two
of the following criteria: chest pain for more than 30 min,
ECG patterns of acute MI, increased cardiac enzymes (a histo-
ry of revascularisation procedure such as angioplasty or coro-
nary artery bypass grafts), and documented treatment for angi-
na pectoris.

Our study was carried out in accordance with the Declara-
tion of Helsinki [9] and all participating subjects gave their in-
formed written consent. They answered detailed personal and
medical family history questionnaires, and research-clinic
evaluations were carried out: fasting blood samples (for lipid
measurements of total cholesterol, triglycerides, HDL choles-
terol), an oral glucose tolerance test (OGTT with 75 g of glu-
cose given to subjects who had no known diabetes) with fasting
and 2-h blood samples for glucose and insulin measurements,
anthropometric and blood pressure (BP) measurements, inter-

views with the physicians and physical examinations. An early
morning midstream sample was analysed on the same day for
albuminuria and for microalbumiuria if albuminuria was nil.
An electrocardiogram (ECG) was carried out for control sub-
jects and recorded in the patients’ follow-up hospital records.
We collected 10 to 20 ml of total blood on EDTA from all the
participants for DNA extraction.

Biochemical and other measurements. Blood glucose, total
cholesterol, triglycerides, uric acid and HDL cholesterol were
assayed by enzymatic colorimetric methods using a multipara-
metric auto-analyser (Cobas Mira Plus, Roche Diagnostics
Systems, Neuilly-sur-Seine, France) and reagent kits for the as-
says (Randox Laboratory, Crumlin, UK). Quantitative mea-
surements of plasma insulin were carried out using double an-
tibody radio-immunoassays (Eria Diagnostics Pasteur, Marnes
la Coquette, France). Albuminuria was tested by reagent strips
(BM-Test-GP, Boehringer-Mannheim, Mannheim, Germany).
Microalbuminuria was tested by the Micral-Test strip method,
a semi-quantitative test, based on a specific immunocapture
technique (Micral-Test II, Boehringer-Mannheim). The DNA
were extracted by the salting out method.

Characterisation of glucose metabolism status, homeostasis
model assessment (HOMA) score and hypertensive status. We
used a combination of personal history, fasting plasma glucose
(FPG) and 2-h plasma glucose (2hPG) measurements to deter-
mine normal glucose tolerance (NGT), impaired fasting glu-
cose (IFG), impaired glucose tolerance (IGT) or Type II dia-
betes (NGT if FPG < 6.1 mmol/l and 2hPG < 7.8 mmol/l; IFG
if FPG >6.1 and <7 mmol/l and 2hPG < 7.8 mmol/l; IGT if
FPG <7 mmol/l and 2hPG >7.8 mmol/l and < 11.1 mmol/l;
Type II diabetes: if previous history of diabetes; if FPG 2
7 mmol/l; or if FPG < 7 mmol/l and 2hPG > 11.1 mmol/l).

Abnormal glucose metabolism (AGM) includes IFG, IGT
and Type II diabetes. Control subjects had no detectable coro-
nary heart disease and no AGM.

Homeostasis model assessment (HOMA) [10] scores were
calculated for subjects who were not treated by hypoglycaemic
agents [HOMA score = fasting insulin (WU/ml) x FPG (mmol/l)
divided by 22.5].

Subjects were considered to be hypertensive if they had a
documented history of high blood pressure, or if either their
systolic blood pressure was 140 or more or their diastolic blood
pressure was 90 mm Hg or more.

Characterisation of IRS or metabolic syndrome. We used the
definition of the metabolic syndrome recently published in a
World Health Organization (WHO) report [11] to evaluate
the importance of this syndrome. Subjects were considered
positive for the metabolic syndrome if they had an AGM or if
their HOMA score was in the 75th centile range or higher
(the HOMA score is considered a reliable surrogate measure
of in vivo insulin sensitivity in humans [12] and the 75th centile
of HOMA score was defined in the control group), together
with two or more of the following components:

(1) raised arterial pressure of 140/90 mm Hg or higher. (2)
raised plasma triglycerides (> 1.7 mmol/l) and/or low HDL
cholesterol (men < 0.9 mmol/l, women 1.0 and using these
cut-off values, we defined qualitative varibles such as hypertri-
glyceridaemia and low-HDL, (3) central obesity [waist-to-hip
ratio (WHR) >0.90 in men and > 0.85 in women] or a BMI
greater than 30 kg/m?, or both and (4) microalbuminuria great-
er than or equal to 20 mg/l. Microalbuminuria greater than or
equal to 20 mg/l.
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Table 1. Comparison between patients with coronary heart disease and control subjects

CHD Patients Control Subjects nominal p value
n= Frequency n= Frequency
Subjects (men/women) 338 290/48 148 120/28
Arg allele (%) 338 0.14 148 0.12 NS
Microalbuminuria > 20 mg/1 (%) 306 0.40 (122) 145 0.15 (21) < 0.000001
Sex and age-adjusted WHR 337 0.799 + 0.060¢ 147 0.785 + 0.060¢ <0.01
Sex and age-adjusted BMI kg/m? 337 22.55 £3.34° 147 20.99 + 3.62°¢ < 0.000005
Sex-adjusted HDL-cholesterol (mmol/l) 307 0.91 +0.23¢ 147 1.20 + 0.34¢ < 0.000001
Sex-adjusted TG* (mmol/l) 306 172 1.23-2.47¢ 147 1.08 0.79-1.64¢ < 0.000001
Fasting insulin® (mU/1) 169 101 5.6-16.8¢ 147 57 3.0-93¢ < 0.000001
2-h insulin(mU/1) 161 103.3 63.4-153.3¢ 146 309 14.0-62.94 < 0.000001

2 Subjects receiving pharmacological treatment for dyslip-
idaemia excluded

b Subjects receiving pharmacological treatment for Type II dia-
betes excluded

Study of the Trp64Arg polymorphism in the B3-adrenegic re-
ceptor. The Trp64Arg polymorphism in the 3-adrenergic re-
ceptor was studied using PCR-RFLP techniques on genomic
DNA extracted from the subjects’ peripheral blood leucocytes.
We used the following primer pair:

5’-CCAGTGGGCTGCCAGGGG-3, 5-GCCAGTGGC-
GCCCAACGG3

to amplify a 248 bp PCR product which was cleaved by
BstN1 (the Trp64Arg mutation eliminates one restriction
cleavage site) using the same protocol as described previously
(6).

Statistical analyses. We used the statistical package Epi-info 6
(CDC, Atlanta, Ga., USA) for statistical analyses. We evaluat-
ed the association between categorical variables and the
Trp64Arg polymorphism with a chi-squared test. Normally dis-
tributed variables between group differences were tested by
the two-way unpaired student’s ¢ test. Kruskal-Wallis non-
parametric tests were used to compare quantitative variables
which did not follow a normal distribution or when variances
between groups were not homogeneous. Results for quantita-
tive variables are given as means = SD. For those which do
not follow a normal distribution, such as insulin and triglycer-
ides concentrations, results are given as median (25th-75th
centile). Stratified analyses using Mantel-Haenzel chi-squared
test were carried out to evaluate the association between the
Trp64Arg polymorphism and variables associated with IRS
and to evaluate the possible interactions between the beta-
blocker treatment and the [3-adrenergic-receptor polymor-
phism on these variables. Results in the stratified analyses are
given as odds ratio (OR) with Cornfield 95 % confidence inter-
val (CI) for the OR, and p value for Yates corrected chi-
squared for each contingency table. Comparison between con-
tingency tables yielded a chi-squared and p value for interac-
tion evaluations. A p value of less than 0.05 was considered sig-
nificant.

Results

We compared risk factors associated with the meta-
bolic syndrome between patients and control subjects
(Table 1). Before we made the comparison, HDL
cholesterol and triglyceride concentrations were ad-
justed for sex (no correlation was found between age

¢SD +
d25th_75t% centile

and HDL cholesterol or triglyceride concentrations)
and waist-to-hip ratio (WHR) and BMI were adjust-
ed for age and sex. As expected, patients (n = 338)
had significantly higher WHR, a higher BMI, a high-
er fasting and 2-h insulin, increased triglyceride and
decreased HDL cholesterol concentrations than con-
trol subjects (n = 148). Albuminuria or microalbumi-
nuria (= 20 mg/l) were found in 40% of patients
with coronary heart disease compared with 15% in
the control subjects (p < 10°). Moreover 176 CHD
patients (52 %) were hypertensive, 178 had an AGM
(53 %) and 110 had both HBP and AGM (33 %). Pa-
tients with coronary heart disease (n =162, 48%)
had a metabolic syndrome as defined by the recently
published criteria of the WHO. Obesity was defined
as a BMI of more than 30 kg/m? and was not a feature
frequently encountered in CHD patients (4 % ) com-
pared with central obesity (51 %), however 93 % of
these obese patients showed a cluster of risk factors
associated with the metabolic syndrome (Table 2).

Genotypes in both groups were in Hardy-Wein-
berg equilibrium. Frequencies for genotypes (TT,
TA and AA) were similar between patients (249, 82,
7, respectively) and control subjects (112, 36, 0, re-
spectively ), suggesting no association between CHD
and f3-adrenergic-receptor polymorphism. Carriers
for the mutation (TA and AA) in patients and control
subjects were grouped against subjects with the wild
type (TT). No association was found between the
Trp64Arg variant with either AGM or high blood
pressure or with the metabolic syndrome in the pa-
tient group. No statistically significant differences
were observed for BMI, WHR or insulin values for
carriers of the variant in either group.

After excluding subjects who took hypolipaemic
drugs, we analysed possible genotype-specific effects
of the variant on triglyceride and HDL concentra-
tions. We observed a trend towards higher triglycer-
ide concentrations in control subjects carrying the
variant (n = 36), [1.22 (0.75-1.84) vs 0.95 (0.68-1.48)
mmol/l, p < 0.09] compared with control subjects’ ho-
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Table 2. Evaluation of components of the metabolic syndrome in patients with coronary heart disease
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Components of metabolic syndrome n= Prevalence Prevalence Odds ratio 95% CI for OR
of component of metabolic
in CHD group syndrome when
component
is present
AGM 338 0.53 (178) 0.76 (135) 15.47 8.70 < OR < 27.68
HOMA score > 75th centile 169 0.58 (98) 0.52 (51) 11.76 434 <OR <33.64
Hypertriglyceridaemia
(triglyceride > 1.70 mmol/l) 307 0.56 (172) 0.59 (91) 2.55 1.57<OR < 4.17
Low-HDL (HDL < 0.90 in men
and HDL < 1.0 mmol/l in women) 307 0.53 (162) 0.54 (88) 1.84 1.13<OR <2.98
Central obesity (WHR > 0.90 in men
and WHR > 0.85 in women) 337 0.51 (173) 0.63 (109) 3.57 221 <OR<5.77
Obesity (BMI > 30 kg/m?) 337 0.04 (14) 0.93 (13) 15.18 2.01 <OR <319
HBP (BP > 140/90 mm Hg) 338 0.52 (176) 0.63 (110) 3.53 2.19<OR<5.70
Microalbuminuria > 20 mg/l 306 0.40 (122) 0.80 (98) 7.66 430 <OR < 13.72

Table 3. Genotype specific distributions of triglyceride, HDL concentrations, waist girth and BMI in CHD patients in relation to

their 3-adrenergic-receptor genotype and BB treatment

TT genotype TA + AA genotypes nominal
n= Mean + SD or Median n= Mean + SD or Median p value
(25"-75™) centile (25"-75'") centile
TG concentrations (mmol/l) 226 1.67 (1.15-2.38) 83 1.83 (1.22-2.74) 0.32
All CHD patients
CHD patients (BB +) 125 1.76 (1.24-2.60) 48 1.55 (1.13-2.59) 0.77
CHD patients (BB-) 95 1.44 (1.01-2.10) 32 1.93 (1.40-3.04) 0.008
HDL concentrations (mmol/l) 225 0.93 +0.24 82 0.93 +0.24 0.80
All CHD patients
CHD patients (BB +) 124 0.88 +0.20 47 0.98 +0.23 0.01
CHD patients (BB-) 95 0.98 +0.26 32 0.85+0.24 0.015
Waist girth (cm) 249 88.1+88 89 89.7+ 8.8 0.14
All CHD patients
CHD patients (BB +) 135 89.0+8.0 53 91.0+8.7 0.13
CHD patients (BB + ) with AGM 68 89.5+85 27 93.6+7.9 0.03
BMI (kg/m?) 248 241+35 89 24.4 £ 3.0 0.52
All CHD patients
CHD patients (BB +) 135 2411 £ 2.94 53 24.95 £ 3.06 0.08
CHD patients (BB + ) with AGM 68 244+29 27 25727 0.05

mozygote for the wild type (n = 111). The BMI and
sex-adjusted triglyceride concentrations were signifi-
cantly higher in control subjects carrying the variant
(p <0.01). In CHD patients (Table 3), triglyceride
concentrations were similar in carriers of the variant
(n=83) and in subjects’ homozygote for the wild
type (n=226) [1.83 (1.22-2.74) vs 1.67 (1.15-2.38)
mmol/l, p < 0.32]. The BMI and sex-adjusted triglyc-
eride concentrations were also similar. Crude HDL
concentrations (same findings for BMI and sex-ad-
justed HDL concentrations) were similar in the two
genotype groups, both in control subjects and in the
CHD patients.

Many of these patients were treated by beta block-
ers (BB) to prevent further cardiovascular disease

(53 % of the 188 CHD patients treated by BB were
hypertensive, 49 % of the 138 patients not treated by
BB were hypertensive, p < 0.47). Beta blockers are
known to influence triglyceride and HDL concentra-
tions [13, 14] and could have a confounding effect on
analyses. A comparison of lipid variables, regardless
of the genotypes, in patients treated by beta blockers
(BB +, n=173), showed a trend towards higher tri-
glyceride concentrations [1.74 (1.21-2.60) vs 1.58
(1.03-2.24) mmol/l, p < 0.06] and lower HDL concen-
trations (0.91 = 0.21 vs 0.95 + 0.26 mmol/l, p < 0.17)
compared with those who had not been treated
(BB-, n=127). We analysed anthropometric mea-
surements, regardless of the genotypes, comparing
CHD patients given BB treatment with those who
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did not receive BB treatment: CHD (BB + ) patients
(n=188) had significantly higher waist girth
(89.5 +8.3 vs 87.0 £ 9.2 cm, p < 0.009), higher WHR
(0.905 +0.073 vs 0.888 + 0.068, p < 0.03) and a trend
towards higher BMI (24.35 + 2.95 vs 23.85 + 3.66 kg/
m?, p < 0.09) than CHD (BB-) patients (n = 138).

In (BB +) patients, taking into account genotype
groups (Table 3), we found in carriers of the variant
a trend towards higher waist girth and higher BMI
compared with wild-type homozygote patients. We
found that the genotype specific means for waist girth
and BMI were significantly higher in (BB + ) patients
with AGM who were carriers of the variant than in
patients with the wild type (p < 0.05).

We analysed the effect of the Trp64Arg variant on
both crude (Table 3) and BMI and sex-adjusted tri-
glyceride and HDL concentrations in CHD patients
according to beta blocker treatment. We found in un-
treated CHD (BB-) patients significantly higher tri-
glyceride concentrations (p < 0.008 between crude
triglyceride concentrations and p < 0.007 for adjusted
triglyceride concentrations) as well as decreased
HDL values in the carrier group than in the non-car-
rier group (p < 0.015 between crude and p < 0.006 be-
tween adjusted values for HDL). In contrast, in CHD
(BB +) patients, triglyceride concentrations were
similar (p < 0.77 for crude and p < 0.11 for adjusted
triglyceride concentrations) but HDL concentrations
were significantly higher in carriers of the variant
compared with the non-carriers (p < 0.01 for crude
HDL concentrations and p <0.002 for adjusted
HDL concentrations).

Using the cut-off values described in the definition
of the metabolic syndrome, we studied the associa-
tion between the different components of the meta-
bolic syndrome (categorical variables) and the
Trp64Arg polymorphism and then stratified the anal-
ysis for beta-blocker treatment. No association was
found between polymorphism and hypertriglycerid-
aemia when all 307 patients without hypolipaemic
treatment were considered together, regardless of
their BB treatment status (p < 0.42). In CHD (BB-)
patients, the variant seemed to be associated with a
higher risk of hypertriglyceridaemia (OR = 2.86, CI:
1.15-7.18, p < 0.02). In the CHD (BB + ) group, ho-
mozygote wild-type patients seemed, however, to be
more affected by hypertriglyceridaemia although the
association was not significant (OR =0.64, CI:
0.31-1.33, p < 0.26). A comparison of the two contin-
gency tables shows an interaction between beta-
blocker treatment and the polymorphism for the risk
of hypertriglyceridaemia (chi-squared for interac-
tion = 7.53, p < 0.006).

When CHD patients were considered together, re-
gardless of BB treatment, no association was found
between low-HDL and the Trp64Arg polymorphism
(p <0.95). In the (BB-) group, the variant seemed to
be associated with a higher risk for low-HDL
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Fig.1. Scatterplot of log,, (TG:HDL) in CHD patients
grouped by BB treatment and genotypes. Boxes show
means + 1 SD for each subgroup. BB + treated by beta block-
ers, BB-without treatment. Carriers: TA or AA, wild-type TT.
*p <0.015; ** p < 0.02; *** p < 0.0003; **** p < 0.0006

(OR =3.37, CI:11.30-8.92, p < 0.009), whereas in the
(BB + ) group, the variant was associated with a low-
er risk for low-HDL (OR =0.46, CI. 0.22-0.97,
p <0.04). When we compared the two groups, we
found an interaction between BB treatment and the
Trp64Arg polymorphism on the risk of having low-
HDL (chi-squared for the evaluation of interac-
tion = 12.44, p < 0.0004).

No association was found between the other com-
ponents of the metabolic syndrome (microalbumin-
uria > 20 mg/l, HOMA score > 75th centile, central
obesity, obesity with BMI >30 kg/m?) and the
Trp64Arg polymorphism, either alone or when strati-
fied for beta-blocker treatment (no association was
found either, in stratified analyses for AGM or HBP).

We analysed the log,, triglyceride to HDL trans-
formed ratio (log;, TG:HDL) as an indicative param-
eter of triglyceride metabolism impairment, which in-
cludes the joint effects of triglyceride and HDL con-
centrations [15, 16]. We found that differences in this
variable in the genotype groups depended on BB
treatment. Because comparisons between BMI and
sex-adjusted values for log;, TG:HDL yielded the
same differences between groups, we have shown
the results for the crude log;, TG:HDL. The most sig-
nificant difference was found (Fig.1) between geno-
types in the (BB-) group showing an impairment of
triglyceride metabolism in the carrier group:
[0.407 £ 0.380 (n=32) vs 0.196 = 0.258 in subjects
with the wild-type alleles (n = 95); p < 0.0006]. An in-
verse trend was seen in CHD (BB + ) patients. The
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homozygote wild-type subjects seemed to suffer
more from triglyceride metabolism impairment than
carriers of the mutation: [0.331 + 0.277 in wild-type
(n=124) vs 0.220 + 0.289 in carriers of the mutation
(n=47), p<0.02]. When CHD patients with the
wild-type genotype were compared according to their
BB treatment, a highly significant impairment of tri-
glyceride metabolism was observed in the (BB +)
group compared with the (BB-) group:
[0.331 £ 0.277 (n=124) vs 0.196 +0.258 (n =95),
p < 0.0003].

Discussion

In Indo-Mauritian CHD patients we found no associ-
ation between the Trp64Arg mutation and either
CHD, AGM, HBP or the metabolic syndrome. Waist
girths and BMI tended to be higher in carriers of the
variant in CHD patients who had been treated with
BB, especially in those with AGM. Allele frequencies
of the Trp64Arg mutation among Indo-Mauritians
(0.12 in control subjects to 0.14 in coronary heart dis-
ease patients) were similar to allelic frequencies
found in Mexican-Americans (0.13) and in black
Americans (0.12) [4].

We found an effect of the Trp64Arg mutation of
the 3-adrenergic receptor on triglyceride and HDL
concentrations as described in other studies where
the Trp64Arg variant has been associated with higher
triglycerides and low HDL in Japanese diabetic sub-
jects [8] and in Japanese premenopausal obese wom-

n [17]. The Trp64Arg variant has been associated
with low HDL in Chinese subjects [18]. Our study
shows that triglyceride concentrations, were higher
and HDL concentrations were lower in patients who
were carriers of the mutation but these differences
were only perceptible when BB treatment was ex-
cluded. The BB treatment has been reported to cause
side effects such as high triglyceride and decreased
HDL concentrations, probably because of its antago-
nistic effects on the lipid metabolism pathway con-
trolled by the sympathetic nervous system. Activa-
tion of the sympathetic nervous system increases li-
polysis and decreases triglyceride-rich lipoprotein ac-
cumulation into white adipose tissue (WAT) by f-
adrenergic receptors, thus reducing fat stores. It has
been shown that 3-adrenergic receptor systems pre-
dominantly contribute to these processes [19, 20, 21].
But we note that a2-adrenergic receptors tended to
inhibit lipolysis. A blocked B-adrenergic-receptor
pathway could lead to the impairment of triglyceride
metabolism explaining the side effects found for tri-
glyceride and HDL concentrations when beta-block-
ing agents are used or when f-adrenergic receptors
are mutated.

The Trp64Arg mutation is situated in the first in-
tracellular loop of the f3-adrenergic receptor, a G-

protein coupled receptor with seven transmembrane
domain motifs. Mutations in the first cytoplasmic
loop of several other G-protein coupled receptors
have been shown to alter the receptor function. This
part of the protein is especially important for the
proper movement of the receptor to the cell surface
and for its coupling to the effector system [22].

In vitro studies on 3-adrenergic-receptor function
showed somewhat contradictory results. A study on
Chinese hamster ovary cells showed that the
Trp64Arg polymorphism did not lead to a pharmaco-
logically or functionally impaired receptor function
[23]. One study measured lipolysis in human isolated
visceral white fat cells incubated with noradrenaline
or CGP 12177 (selective partial f3-agonist), showing
that the Trp64Arg mutation in its heterozygous form
is not a major determinant of 3;-adrenergic-receptor
function [24]. Similarly, studies in Pima Indians,
showed that there was no effect of the variant on in
vivo lipolysis in subcutaneous adipose tissue [25]. An-
other study, also on Pima Indians, reported that the
Trp64Arg variant even when expressed in its homozy-
gous form, does not affect in vivo or in vitro lipid me-
tabolism (studied in isolated abdominal subcutane-
ous adipocytes) [26].

Although f3-adrenergic receptors are expressed in
several human fat depots [27], they have little lipolyt-
ic action on the subcutaneous fat tissue [28] but a pro-
nounced lipolytic function in fat cells from the viscer-
al region [19]. Studies carried out with CGP 12177,
which is a partial 33-adrenergic agonist, are less pow-
erful than those carried out with (L-755,507), a potent
and selective human $3-adrenergic-receptor agonist.
A recent study assessed whether lipolytic activities
induced by (L.-755,507), CGP12177 or isoproterenol
would be affected by the 7Trp64Arg mutation of the
p3-adrenergic receptor in human omental adipocytes
[29]. No difference was found between the Arg64 ho-
mozygous and the wild type, in lipolysis induced by
isoproterenol or CGP12177. Lipolytic activities in-
duced by L-755,507 were, however, lower in homozy-
gous Arg64 as well as in heterozygous Trp64Arg com-
pared with wild-type samples, showing a functional
effect of the mutation. Another recent study in 3T3-
L1 mice adipocytes, transfected with the human
Trp64Arg variant of the p3-adrenoreceptor [30]
showed that the mutated receptor caused a lowered
response to 33-adrenergic agonists such as epineph-
rine, norepinephrine and L-755,507. The authors con-
cluded that the Trp64Arg mutant f3-adrenergic re-
ceptor had less ability to stimulate adenylyl cyclase
and suggested that lipolytic activity through the §3-
adrenergic receptor by catecholamines in subjects
carrying this mutation might be suppressed.

We showed that Indo-Mauritian CHD patients
with the wild type of f3-adrenergic receptor have
nearly normal triglyceride and HDL concentrations
without BB treatment. The mutation in the 53-adren-
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ergic receptor, in the absence of BB treatment, seems
to have the same effect as BB in the absence of the
mutation on triglyceride and HDL concentrations in
CHD patients. We speculate that firstly, the
Trp64Arg mutation impairs the 3-adrenergic-recep-
tor function for the triglyceride metabolism. Even if
it does not carry a direct risk for coronary heart dis-
ease or AGM or IRS, the variant has a modifier effect
on this component of the metabolic syndrome, which
is apparent in the control group as well. Secondly,
beta blockers which are currently used as prophylac-
tic treatment in CHD, seem to impair the 3-adrener-
gic-receptor effect on lipid metabolism when subjects
carry only the wild-type allele. Adverse effects of
beta-blocker treatment on the lipid profile in CHD
patients that do not carry the mutation, have to be
weighed against the proven benefits in preventing
further cardiovascular disease. Moreover, BMI and
waist girth tend to be higher in CHD patients treated
with BB, showing an increased propensity towards
central obesity in these patients, a factor which aggra-
vates the metabolic syndrome.

The deleterious effect of the Trp64Arg variant on
lipid concentrations are masked in some respects by
the BB treatment. In the CHD (BB + ) group an in-
verse trend towards higher HDL concentrations was
found in carriers of the variant. Our study infers that
the Trp64Arg mutation of the #3-adrenergic receptor
modulates the effects of BB on lipid profiles of the
patients. If the BB treatment had not been taken
into account, the effects of the mutation on dyslip-
idaemia would have been missed altogether in our
group of patients, because of the interaction between
the genetic susceptibility and this important environ-
mental factor.

Indo-Mauritian patients with premature CHD
have surprisingly normal triglyceride and HDL values
when carrying the wild type (TT) of the 3-adrenergic
receptor unless they are treated with beta blockers.
The 3-adrenergic-receptor mutation seems to modu-
late the effects of beta blockers on triglyceride and
HDL concentrations in this group of subjects. Dyslip-
idaemia (high triglyceride, low HDL), which is a key
component of the metabolic syndrome, is heteroge-
neous within Indo-Mauritians. This potent risk factor
for the early onset of CHD is influenced by the inter-
action between genetic and environmental effects.
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