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H

uman obesity has a multifactorial etiology that
includes a substantial heritable component (1).
On the basis of its biological role in fat metabolism, it has been speculated that the b-3 adrenergic receptor (ADRB3) may be one of the genes that influences accumulation in body fat. This receptor, which is
expressed in adipose tissue, mediates the rate of lipolysis in
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response to catecholamine, and chemical agents that selectively block this receptor are potent stimulators of metabolic
rate and adipose tissue thermogenesis (2,3). Recently, a common polymorphism in this gene has been identified, occurring
in the first intracellular loop of the receptor, which is characterized by an amino acid substitution of tryptophan by
arginine at position 64 (Trp64Arg) (4).
Studies in a variety of populations have reported associations between the Trp64Arg variant of the ADRB3 and features related to both obesity and insulin resistance (5,6).
Despite these findings, the role of this variant, and of the
ADRB3 gene itself, in human disease remains controversial.
Numerous studies have failed to detect effects of the
Trp64Arg variant on these traits and even among those studies that have reported associations, there are differences in
which phenotypes are associated with the variant. These
misgivings have led some experts to conclude that the
Trp64Arg mutation probably has little clinical relevance to
obesity (7). The lack of consensus about the role of ADRB3
in obesity is illustrated by the fact that two recent metaanalyses examining the effect of this mutation on BMI have
been published, with one concluding that the Arg64 allele was
significantly associated with increased BMI (5), and the other
concluding that it was not (6).
To date, all evidence supporting a role of the ADRB3 in
human obesity has been based on findings from association
studies of the Trp64Arg variant. To provide more general evidence for involvement of the ADRB3 gene, we have performed a quantitative trait linkage analysis of BMI with
genetic markers in the region of the ADRB3. To put these
results in context, we have also conducted a genome scan of
BMI. Our study is based in a Mexican-American population,
one in which we have previously detected an association of
obesity with the Arg64 variant (8).
RESEARCH DESIGN AND METHODS
The San Antonio Family Heart Study (SAFHS) is a population-based family study
designed to identify the genetic determinants of atherosclerosis and its risk factors (9). Using a house-to-house recruitment procedure, we identified 40- to
60-year-old residents with large families from low-income neighborhoods in San
Antonio, TX, and invited them and their first-, second-, and third-degree relatives
to participate. The invitation to participate was extended regardless of the individual’s body size or any other preexisting medical condition. The current study
is based on the initial set of 470 individuals from 10 large families recruited into
the SAFHS, on whom we have completed extensive genotyping.
Participating subjects received a medical examination in our clinic in the
morning following a 12-h fast. Blood samples were obtained for DNA processing
and for characterization of glucose, insulin, and a broad panel of lipids and
lipoproteins. Subjects were instructed to remove their shoes and to don examination gowns, and height and weight were recorded by trained research nurses.
The BMI, defined as weight (in kilograms) divided by height (in meters) squared,
was used as a measure of overall adiposity.
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The b-3 adrenergic receptor (ADRB3) has been implicated as a regulator of energy expenditure, and a polymorphism in codon 64 of this gene (Trp64Arg) has been
associated in some studies with obesity and insulin
resistance. However, many studies have failed to detect
an effect of this variant, and the importance of the
Trp64Arg variant in human obesity remains controversial. We performed a quantitative linkage analysis of the
ADRB3 and obesity, using 12 markers (including the
intragenic Trp64Arg polymorphism) spanning a 57-cM
region of chromosome 8. The study population consisted of 470 individuals from 10 large multigenerational families of Mexican-American ancestry residing
in San Antonio, TX. In two-point analysis, logarithm of
odds (LOD) scores >1.0 were observed for six markers
surrounding ADRB3 in a 33-cM region spanned by
markers D8S1477 and D8S1136. The multipoint LOD
score was 3.21, occurring between markers D8S1121
and ADRB3, ~2–3 cM from ADRB3. Adjusting for the
presence of the Arg64 allele or excluding from the
analysis the 11 individuals homozygous for the Arg64
allele did not reduce the evidence for linkage. A
genome scan was conducted at 10 cM map density to
detect other loci influencing variation in BMI. Multipoint LOD scores >1.0 were observed in four other
regions, including two on chromosome 17, one on chromosome 6q, and one on chromosome 2p. These data
suggest that the ADRB3 should continue to be regarded
as a strong candidate gene for obesity even though evidence for an effect of the Trp64Arg polymorphism
could not be established. It is also possible that a gene
closely linked to ADRB3 may influence susceptibility to
obesity. Diabetes 48:1863–1867, 1999
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notypes among study subjects in such a way as to maintain the heritability of BMI.
We forced this constraint on the permutation by first simulating a polygenic trait
having heritability equal to that which we observed for BMI (i.e., 54%). We then rank
ordered all study subjects according to the value of the simulated trait, and then
replaced the highest value of the simulated trait with the highest value of the
observed trait, replaced the second-highest value of the simulated trait with the
second-highest value of the observed trait, and so forth, until all simulated values
had been replaced by observed values. This strategy enabled us to retain both the
original phenotypic distribution and original genotypic information for the analyses. In addition, the order imposed on the permutation ensured that the original trait
heritability was preserved. We then tested for linkage of the permuted (unlinked)
trait to the ADRB3 locus, performing 10,000 replications. The probability of obtaining false evidence for linkage was defined as the proportion of these replicates in
which we observed a logarithm of odds (LOD) score higher than a specified value.

RESULTS

DNA was isolated from lymphocytes for genotyping. The DNA was amplified
with fluorescently labeled primer pairs from MapPairs Human Screening Set (version 6; Research Genetics, Huntsville, AL) that detect highly polymorphic
microsatellite markers. Genotypes were generated for a total of 380 microsatellite
markers from 22 autosomes with an average spacing between markers of 10.0 cM.
Marker genotypes were analyzed using Applied Biosystems (Perkin Elmer, Foster
City, CA) Model 377 DNA Sequencers and Gene-scan and Genotyper DNA Fragment Analysis software. The Trp64Arg polymorphism of ADRB3 was genotyped
by polymerase chain reaction amplification of leukocyte DNA (forward primer
59-CGCCCAATACCGCCAACAC-39, reverse primer 59-CCACCAGGAGTCCCATCACC-39) and cleavage with BstN1, as described by Walston et al. (4). Several additional markers were genotyped in the region of ADRB3 to increase map density.
In a 50-cM region spanning ADRB3, a total of 12 markers were typed, including:
D8S136, D8S382, D8S1477, D8S1121, ADRB3, D8S255, D8S1110, D8S1113,
D8S1136, D8S1119, GAAT1A4, and D8S1132. The distances between markers were
computed from our data using the CRI-MAP software program (10). Allele frequencies were estimated using maximum likelihood methods.
We tested for linkage with the genetic markers using a variance component
methodology as implemented in the SOLAR software package (11). This program
models the expected genetic covariances between relatives as a function of the identity by descent (IBD) relationships at a marker locus. Briefly, the total phenotypic
variance can be partitioned into components attributable to covariate effects,
overall genetic similarity among individuals (i.e., residual heritability), and locusspecific heritability (i.e., linkage). Model parameters are obtained using maximum likelihood methods, and the hypothesis of linkage is evaluated by likelihood ratio test, by testing whether the variance attributable to allele sharing
between pairs of individuals is significantly greater than zero (i.e., is s 2QTL >0?). The
model has been extended for multipoint analysis, using the multipoint approximation approach of Fulker et al. (12) to estimate IBD sharing at arbitrary chromosomal locations (e.g., at 1-cM intervals), generalized for use in extended families (11). Sex and sex-specific age terms (both age and age squared) were included
as covariates in the linkage analysis.
We performed a simulation study to evaluate the probability of obtaining false
evidence for linkage. Following the approach of Iturria et al. (13), we permuted phe-

TABLE 1
Characteristics of study population according to sex and Trp64Arg genotype

n
% Diabetic
Age (years)
BMI (kg/m2)
1864

Trp/Trp

Women
Trp/Arg

Arg/Arg

Trp/Trp

Men
Trp/Arg

Arg/Arg

172
14.6
38.7 ± 16.2
30.6 ± 7.1

88
19.3
37.5 ± 16.3
30.7 ± 8.2

4
0
28.8 ± 3.9
24.5 ± 4.1

137
15.6
39.9 ± 17.3
29.3 ± 6.3

70
14.3
38.2 ± 17.2
27.4 ± 5.4

7
14.3
41.0 ± 23.4
29.2 ± 3.9

DIABETES, VOL. 48, SEPTEMBER 1999

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/48/9/1863/364931/10480620.pdf by guest on 30 June 2022

FIG. 1. Distribution of BMI in the population.

The frequency of the Arg allele in this population was 18.8%.
Genotype and allele frequencies were in Hardy-Weinberg
equilibrium. BMI in this population was 29.7 ± 6.9 kg/m2
(mean ± SD). The distribution of BMI in the total population
is shown in Fig. 1. The mean age of study participants was 38.8
years, and diabetes was present in 15.8% of subjects. The
characteristics of the population are shown in Table 1
according to sex and genotype at ADRB3. There was no evidence for an association of the Arg64 allele with obesity. In
fact, the mean BMI in the four women homozygous for this
allele was substantially lower than that in women having at
least one Trp64 allele.
ADRB3 has been localized to chromosome 8p12–p11.1,
and the 11 additional markers used to assess linkage to this
gene spanned chromosomal bands 8p12 to 8q23.3. The distances (in cM) between markers and the two-point LOD
scores associated with the nine markers spanning the region
of linkage are shown in Fig. 2. LOD scores >1.0 were observed for the two markers to the pter side of ADRB3 (up to
7.5 cM away) and for the four markers to the qter side of
ADRB3 (up to 25.2 cM away). The LOD score corresponding
to the ADRB3 polymorphism was 0.97, and LOD scores for the
two immediate flanking markers, D8S1121 and D8S255, were
3.50 and 1.25, respectively.
In multipoint analysis, the peak LOD score was 3.21,
occurring between D8S1121 and ADRB3, ~2.5 cM to the pter
side of ADRB3 (Fig. 3). At this location, heritability at the
quantitative trait locus (QTL) accounted for ~37% of the variability in BMI after adjusting for the effects of age and sex.
Including diabetes as an additional covariate in the multipoint
analysis did not substantially alter these results (LOD score =
3.32 at this same position).
In a previous analysis, using a less dense marker map, we
reported a two-point LOD score of 2.2 between serum leptin
concentrations and marker D8S1110, located ~10 cM pter to
ADRB3 (14). Using multipoint analysis and the present set of
markers, we observed a LOD score of 1.28 at the position of
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ADRB3, although the peak multipoint LOD score (LOD =
1.59) occurred 6 cM to the qter side of ADRB3.
We conducted a simulation to determine the probability of
obtaining a multipoint LOD score as high as 3.21 for an
unlinked locus. For each replication, we simulated a polygenic trait and calculated the LOD score associated with the
multipoint IBD matrix at ADBR3. The mean heritability computed from the 10,000 replications was 52%, indicating excellent recovery of the generating value for the heritability. In only

DISCUSSION

Because there is controversy about the possible role of the
Trp64Arg variant in human obesity, we evaluated evidence for

FIG. 3. Multipoint linkage analysis of
BMI with chromosome 8 markers.
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FIG. 2. Chromosome 8 markers in the region of ADRB3 and two-point
LOD scores for linkage to BMI.

one of the 10,000 replications did we observe a LOD score
>3.21 (this being a value of 3.30), suggesting that the probability of obtaining false evidence for linkage at ADBR3 was
0.0001. This value matches closely the P value of 0.000121 that
corresponds to our observed LOD score of 3.21.
To determine if the observed linkage with BMI might be
attributable to the Arg64 allele, we repeated the linkage
analysis after including presence or absence of the Arg64
allele in the linkage model as an additional covariate (coded
as 0 for Arg64 allele absent or 1 for allele present). The resulting LOD score was 3.19. We also tested the hypothesis that
the observed linkage might be attributable to individuals
homozygous for the Trp64Arg mutation by removing the 11
subjects homozygous for Arg64 from our analysis and reevaluating evidence for linkage. This analysis corresponds to a test
of whether the effect of the Arg64 allele is inherited as a
recessive trait. The resulting LOD score with these individuals removed also changed very little (LOD = 3.36), suggesting
that the observed linkage was not attributable primarily to
Arg64 homozygotes.
Results from the genome scan of BMI are shown in Table 2.
Suggestive evidence for linkage was detected at a locus on
chromosome 17q, where we observed an LOD score of 2.33
occurring ~65 cM from pter near marker D17S1293. With the
exception of the ADRB3 region on chromosome 8p and this
locus on chromosome 17, LOD scores >1.0 were observed in
only three other regions: one on chromosome 6q, ~177 cM
from pter (LOD score = 1.53); one on chromosome 17p, ~21 cM
from pter (LOD score = 1.34); and the third on chromosome
2p, ~60 cM from pter (LOD = 1.16). The chromosome 2 locus
is one for which we have reported evidence for linkage with
serum leptin levels in a previous study (14).
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TABLE 2
Chromosomal regions showing evidence for linkage to BMI
(LOD score >1.0) in genome-wide scan

Chromosome
2
6
8
17
17

Position
from pter
(cM)

Closest linked
marker(s)
(map position)

Peak
LOD score

60
177
63
21
64

D2S1788 (62)
D6S1008 (179)
D8S1121 (62), ADRB3 (65)
D17S786 (23)
D17S1293 (64)

1.16
1.53
3.21
1.34
2.33
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the probability of obtaining an LOD score to the ADRB3
region as high as 3.21 assuming no linkage was 0.0001.
Linkage studies of obesity have been carried out in several
other populations (15–19), but to date, none has reported
evidence for linkage between obesity measures and markers
in the region of ADRB3. However, two of these studies
(15,16) were based on families ascertained on two obese siblings (one with extreme obesity), and a third was based in
Pima Indians, another population with a high prevalence of
obesity (17,18). It is possible that the effect of ADRB3 on obesity is relatively modest and is diluted out by the effects of
other genes and/or lifestyle factors in these populations.
Two different studies of Mexican Americans from San
Antonio have provided evidence for an association between
the Trp64Arg polymorphism and obesity-related traits (8,20).
In one study, the Trp64Arg polymorphism was associated
with both 2-h insulin concentrations and BMI (20). In the
second study, which was based on this same population, an
association was observed between the Trp64Arg polymorphism and several different obesity-related traits, although the
association could only be detected in siblings who were
matched for a QTL on chromosome 2 that we had previously
shown to be linked to variation in serum leptin concentrations (8). Interestingly, there is no evidence of an association
between the Trp64Arg polymorphism and obesity in the overall population, as shown in this study. One reason for this
apparent discrepancy might be related to the fact that by
matching on sibs, our previous study ensured that the sib pairs
discordant for the Trp64Arg polymorphism were also discordant for other markers across this chromosomal region.
There is an emerging body of evidence from functional
studies suggesting that the Trp64Arg polymorphism may
compromise activity of the receptor. Two recent studies have
reported that the Arg64 allele is associated with lower lipolytic activity of b-3 adrenoreceptors isolated from human
omental adipocytes (21,22), although not all researchers

have confirmed this result (23). Hoffstedt et al. (22) observed
decreased sensitivity to b-3 adrenoreceptor agonist in subjects
with the Arg64 haplotype, but also identified two additional
genetic variants in the ADRB3 that were in almost complete
association, leaving open the possibility that the Arg64 variant
is nonfunctional but might be in linkage disequilibrium with
functional mutations elsewhere in the gene. At least one
study has reported an effect of the Arg64 mutation on ligandmediated cAMP accumulation (24).
Despite the prior associations that have been reported
between the Trp64Arg polymorphism and obesity, and the
emerging evidence supporting a functional defect of this
mutation, we were unable to attribute the observed linkage
to the mutation in this population. Neither adjusting for the
presence of the Arg64 allele nor removing subjects homozygous for this allele diminished evidence for linkage. In fact,
it is perhaps not surprising that neither strategy reduced evidence for linkage, given the lack of an association between
the Arg64 allele and BMI in the overall population. However,
we cannot rule out the possibility that the Arg64 allele influences obesity in combination with mutations at other genes,
such as that implicated on chromosome 2p (14). It is also possible that the Arg64 mutation may be only one of several
functional mutations in this chromosomal region that contribute to variation in body fat.
Finally, even though peak evidence for linkage occurred
<3 cM from the estimated position of ADRB3, one cannot, of
course, exclude the possibility that a different gene in the
same chromosomal region is responsible for the linkage.
There are at least 47 genes known at present within the 57-cM
region flanked by markers D8S382 and D8S1119. Among
these is at least one potential obesity candidate gene, CRH,
which encodes corticotropin-releasing hormone (CRH), a
hypothalamic catabolic neuropeptide that contributes to
energy homeostasis and that is regulated in part by leptin and
insulin (25). It is also possible that a novel undiscovered
gene in this region may influence obesity.
In conclusion, our analyses provide strong evidence for a
gene on chromosome 8 that influences variation in BMI.
Because peak evidence for linkage coincided with the location of ADRB3, this gene should continue to be regarded as
a strong candidate for obesity. However, a role of the Trp64Arg
polymorphism could not be discerned from this analysis, and
it is possible that the obesity-causing mutations exist in other
areas of this gene, in its regulatory sequences, or in a completely
different, but tightly linked, gene altogether.

B.D. MITCHELLAND ASSOCIATES

DIABETES, VOL. 48, SEPTEMBER 1999

15. Hager J, Dina C, Francke S, Dubois S, Houari M, Vatin V, Vaillant E, Lorentz N,
Basdevant A, Clement K, Guy-Grand B, Froguel P: A genome-wide scan for
human obesity genes reveals a major susceptibility locus on chromosome 10.
Nat Genet 20:304–308, 1998
16. Lee JH, Reed DR, Li WD, Xu W, Joo EJ, Kilker RL, Nanthakumar E, North M,
Sakul H, Bell C, Price RA: Genome scan for human obesity and linkage to
markers in 20q13. Am J Hum Genet 64:196–209, 1999
17. Hanson RL, Ehm MG, Pettitt DJ, Prochazka M, Thompson DB, Timberlake D,
Foroud T, Kobes S, Baier L, Burns DK, Almasy L, Blangero J, Garvey WT,
Bennett PH, Knowler WC: An autosomal genomic scan for loci linked to type
II diabetes mellitus and body-mass index in Pima Indians. Am J Hum Genet
63:1130–1138, 1998
18. Norman RA, Tataranni PA, Pratley R, Thompson DB, Hanson RL, Prochazka M,
Baier L, Ehm MG, Sakul H, Foroud T, Garvey WT, Burns D, Knowler WC,
Bennett PH, Bogardus C, Ravussin E: Autosomal genomic scan for loci linked
to obesity and energy metabolism in Pima Indians. Am J Hum Genet 62:
659–668, 1998
19. Hasstedt SJ, Hoffman M, Leppert MF, Elbein SC: Recessive inheritance of obesity in familial non-insulin-dependent diabetes mellitus, and lack of linkage to
nine candidate genes. Am J Hum Genet 61:668–677, 1997
20. Silver K, Mitchell BD, Walston J, Sorkin JD, Stern MP, Roth J, Shuldiner AR:
TRP64ARG b 3-adrenergic receptor and obesity in Mexican Americans.
Hum Genet 101:306–311, 1997
21. Umekawa T, Yoshida T, Sakane N, Kogure A, Kondo M, Honjyo H: Trp64Arg
mutation of beta3-adrenoceptor gene deteriorates lipolysis induced by beta3adrenoceptor agonist in human omental adipocytes. Diabetes 48:117–120,
1999
22. Hoffstedt J, Poirier O, Thorne A, Lonnqvist F, Herrmann SM, Cambien F,
Arner P: Polymorphism of the human beta3-adrenoceptor gene forms a wellconserved haplotype that is associated with moderate obesity and altered
receptor function. Diabetes 48:203–205, 1999
23. Li LS, Lönnqvist F, Luthman H, Arner P: Phenotypic characterization of the
Trp64Arg polymorphism in the beta3-adrenergic receptor gene in normal
weight and obese subjects. Diabetologia 39:857–860, 1996
24. Pietri-Rouxel F, Manning BS, Gros J, Strosberg AD: The biochemical effect of
the naturally occurring Trp64→Arg mutation on human beta3-adrenoceptor
activity. Eur J Biochem 247:1174–1179, 1997
25. Woods SC, Seeley RJ, Porte D Jr, Schwartz MW: Signals that regulate food
intake and energy homeostasis. Science 280:1378–1383, 1998

1867

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/48/9/1863/364931/10480620.pdf by guest on 30 June 2022

2. Connacher AA, Bennet WM, Jung RT: Clinical studies with the beta-adrenoceptor agonist BRL 26830A. Am J Clin Nutr 55 (Suppl. 1):258S–261S, 1992
3. Mitchell TH, Ellis RD, Smith SA, Robb G, Cawthorne MA: Effects of BRL 35135,
a beta-adrenoceptor agonist with novel selectivity, on glucose tolerance and
insulin sensitivity in obese subjects. Int J Obes 13:757–766, 1989
4. Walston J, Silver K, Bogardus C, Knowler WC, Celi FS, Austin S, Manning B,
Strosberg AD, Raben N, Sorkin JD, Stern MP, Roth J, Shuldiner AR: Time of
onset of non-insulin-dependent diabetes mellitus and genetic variation in the
b3-adrenergic receptor gene. N Engl J Med 333:343–347, 1995
5. Fujisawa T, Ikegami H, Kawaguchi Y, Ogihara T: Meta-analysis of the association of Trp64Arg polymorphism of beta 3-adrenergic receptor gene with
body mass index. J Clin Endocrinol Metab 83:2441–2444, 1998
6. Allison DB, Heo M, Faith MS, Pietrobelli A: Meta-analysis of the association
of the Trp64Arg polymorphism in the beta3 adrenergic receptor with body
mass index. Int J Obes Relat Metab Disord 6:559–566, 1998
7. Maurieg P, Bouchard C: Trp64Arg variant in b3-adrenoreceptor gene of doubtful significance for obesity and insulin resistance. Lancet 348:699–700, 1996
8. Mitchell BD, Blangero J, Comuzzie AG, Almasy LA, Shuldiner AR, Silver K,
Stern MP, MacCluer JW, Hixson JE: A paired sibling analysis of the beta-3
adrenergic receptor and obesity in Mexican Americans. J Clin Invest 101:
584–587, 1998
9. Mitchell BD, Kammerer CM, Blangero J, Mahaney MC, Rainwater DL, Dyke B,
Hixson JE, Henkel RD, Sharp MR, Comuzzie AG, VandeBerg JL, Stern MP,
MacCluer JW: Genetic and environmental contributions to cardiovascular
risk factors in Mexican Americans: the San Antonio Family Heart Study.
Circulation 94:2159–2170, 1996
10. Green P, Falls K, Crooks S: Documentation for CRI-MAP. Version 2.4. St. Louis,
MO, Department of Genetics, School of Medicine, Washington University, 1990
11. Almasy L, Blangero J: Multipoint quantitative-trait linkage analysis in general
pedigrees. Am J Hum Genet 62:1198–1211, 1998
12. Fulker DW, Cherny SS, Cardon LR: Multipoint interval mapping of quantitative trait loci, using sib pairs. Am J Hum Genet 56:1224–1233, 1995
13. Iturria SJ, Williams JT, Almasy L, Dyer TD, Blangero J: An empirical test of the
significance of an observed QTL effect that preserves additive genetic variation. Genet Epidemiol. In press
14. Comuzzie AG, Hixson JE, Almasy L, Mitchell BD, Mahaney MC, Dyer TD,
Stern MP, MacCluer JW, Blangero J: A major quantitative trait locus determining
serum leptin levels and fat mass is located on human chromosome 2. Nat Genet
15:273–276, 1997

