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ABSTRACT Excess body fat or body mass relative to height aggregates in families. It is commonly recognized
that this familial aggregation of human obesity is accounted for in part by a significant genetic component.
Thus the genetic heritability of the obesity phenotypes accounts for Ç25–40% of the age- and gender-adjusted
phenotypic variances. There is also growing evidence that single-gene effects can be detected under appropriate
conditions. The focus of research has now shifted to candidate genes and DNA markers of various obesity
phenotypes. To date, linkage results have been published from the Pima Indian Study, the San Antonio Family
Heart or Diabetes Studies, the Paris Cohort of Obese Siblings, the University of Pennsylvania Family Obesity
Study and the Quebec Family Study. The only genomic scan (with Ç600 markers) reported to date is that from
the Pima Indian sibling study. In that study, the strongest evidence for linkage with body fat was with markers on
chromosome 11q, 6p and 3p. Evidence for linkage with markers on 7q was obtained in all family studies with the
only apparent exception being the Pima Indians. Our own results from the Quebec Family Study suggest that
there are linkages between body fat, as assessed from hydrodensitometry, and markers on 1p32–p22. Other
linkages have been reported in the past but they are generally based on smaller sample size and weaker evi-
dence. J. Nutr. 127: 1887S–1890S, 1997.
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Why is the chronic imbalance so frequent? One of theScientists involved in the study of the causes of human
hypotheses is that the genes are involved. I will briefly reviewobesity have become optimistic about the possibility of identi-
the status of the research regarding the genetic and molecularfying the genes associated with the predisposition to this dis-
basis of obesity. But let me make one point clear at the onset:ease. A growing understanding of the human genome, the high
I believe that the current epidemic of obesity in the developeddegree of homology between humans and common laboratory
countries is not caused primarily by our genes. It is caused bymammals for a large number of genes and chromosomal re-
a lifestyle that favors positive energy balance as a result of thegions, and the availability of a whole variety of technologies
easy access to a plentiful food supply and technological ad-and tools to study and manipulate DNA in the laboratory are
vances that are making us more and more sedentary. Theamong the most important reasons for the present level of
preceding does not eliminate the possibility that there arehope in the obesity research community.
people who are more susceptible than others, in the circum-It is quite common to observe in population data that the
stances that we live in, to being in positive energy balance.prevalence of obesity reaches its maximum at Ç50–60 y of
Indeed, there were obese people early in this century and inage. After these ages, it often begins to decline. If we assume
past centuries. However, there were fewer of them.that 60 is the age at which we have the maximum prevalence

of obesity, it is not surprising that a major imbalance between
HERITABILITY LEVELenergy intake and energy expenditure has occurred so fre-

quently by that age. Indeed, people of these ages have had a The level of heritability has been considered in a large
lifetime ingestion of Ç55 million calories. Presumably, they number of twin, adoption and family studies. The level of
have expended about the same amount of calories, but as the heritability is simply the fraction of the population variation
population data indicate, positive energy balance is extremely in a trait [e.g., body mass index (BMI)] that can be explained
frequent in our environment. by genetic transmission. Results obtained by a good number

of investigators indicate that the heritability level estimates
depend on how the study was conducted and on the kinds of1 Presented as part of a symposium Obesity: Common Symptom of Diverse

Gene-Based Metabolic Dysregulations, Little Rock, Arkansas, March 4, 1997. This relatives upon which they were based. Two comprehensive
conference was co-sponsored by the National Center for Toxicological Research/ studies incorporating twins, adoptees and nuclear family data
Food and Drug Administration and the University of Arkansas for Medical Sci-

have yielded heritability estimates ofÇ25–40% of the individ-ences. It was supported by generous grants from The Jane B. Mendel Family
Trust, Amgen, Wyeth-Ayerst Laboratories Division of American Home Products ual differences in BMI or body fat (Bouchard 1994). They
and The Governor Winthrop Rockefeller Memorial Lecture Series-University of were based on samples from Norway (Tambs et al. 1991) and
Arkansas. Guest editor for this symposium was George L. Wolff, Division of Bio- Quebec (Bouchard et al. 1988).chemical Toxicology, National Center for Toxicological Research/FDA, Jefferson,
AR 72079. These results have been confirmed by a recent reanalysis
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of the data from the Danish Adoption Study (Vogler et al. studies as well because there are similar genes encoded in the
human genome that bear a high degree of homology with the1995), whose findings had been published earlier by Stunkard

and his Danish colleagues (Stunkard et al. 1986). The new rodent genes. This has stimulated a whole series of studies
aimed at establishing whether the rodent mutations were actu-assessment, based on a path analysis approach, concluded that

the heritability of BMI reached 34% (Vogler et al. 1995), a ally present in human subjects and whether these genes played
any role in the susceptibility to obesity. This approach has notvalue quite compatible with the estimates reported from the

Nord-Trøndelag Norwegian Study (Tambs et al. 1991) and been as productive as anticipated thus far. However, much
remains to be done before these candidate rodent genes canthe Quebec Family Study (Bouchard et al. 1988).

The risk of becoming obese. A number of studies have be entirely ruled out.
Human studies are currently dominated by two types ofreported that obese children frequently had obese parents.

Thus, in Ç30% of the cases, both parents of obese children strategies. The first is the candidate gene approach and is
based on the current understanding of the physiopathology ofare obese, with a range in frequency of Ç5–45%. It has also

been estimated that Ç25–35% of the obese cases occur in obesity, most commonly pathways related to the regulation of
energy balance or to adipose tissue biology. Genes specifyingfamilies with normal weight parents, despite the fact that the

risk of becoming obese is higher if the person had obese par- molecules such as receptors, hormones, transporters and other
proteins that are key elements of the pathways become candi-ents. The risk of becoming obese when one or two of the

parents are overweight or obese had not been quantified until date genes. These genes are studied for the presence of muta-
tions or some kind of polymorphisms that are then used inrecently. This risk can be estimated using the lambda coeffi-

cient (lR), which can be defined as the ratio of the risk of association and linkage studies to test whether they provide
useful information. A major limitation of the strategy is ourbeing obese when a biological relative is obese compared with

the risk in the population at large, i.e., the prevalence of fragmented understanding of the physiopathology of obesity
at present.obesity (Risch 1990). Such estimates of lR were recently re-

ported based on BMI data from twin and family studies (Alli- Beside these candidate gene models, there is also available
a strong and powerful method commonly used to identify ason et al. 1996). The risk of obesity is about two to three times

higher for an individual with a family history of obesity and quantitative trait locus (QTL). The approach is based on the
crosses of informative inbred strains and it allows identificationit increases with the severity of obesity.
of areas of the genome in which genes affecting the phenotype,
in this case body fat, reside. It does not yield, by itself, theTHE SINGLE-GENE HYPOTHESIS
identity of the gene, but it implicates a chromosomal region.
A QTL can signal the beginning of the search for a geneIt is commonly observed that obese persons are, on the
influencing a complex multifactorial trait such as obesity. Afteraverage, about 10–12 BMI units heavier than their parents,
such a genomic region has been identified, the QTL rodentbrothers or sisters. For instance, in a survey of members of the
linkage group, including markers in the 5’ and the 3’ areas onNational Association for Fat Acceptance, Reed et al. (1993)
both sides of the putative gene, is defined, and a search for aobserved that the mean BMI value of the respondents was 47.
human equivalent can be undertaken in the human genomicSeveral of these probands had parents whose BMI was õ25.
data base.The mean BMI of the brothers and sisters of the proband was

Briefly, the 23 pairs of chromosomes are covered with a setconsistently 10–12 BMI units less than the proband’s BMI.
of markers, mostly repetitive sequences that vary in length,Even when both parents were obese, the proband was much
used in about the same way as you would use kilometer posts toheavier. These and other observations have led to the sugges-
locate your position on a highway. It takesÇ400 polymorphiction that there was potentially an autosomal recessive gene
markers to cover the whole human genome at Ç10-cM inter-influencing body mass.
vals. Linkage analysis is then undertaken between these mark-Several complex segregation analysis studies performed in
ers and the phenotype of interest. If strong evidence for linkagevarious populations have reported that a single major gene
is found within a region of a given chromosome, then it be-for high body mass was segregating from the parents to their
comes useful to screen that region with a much denser mapoffspring. However, three studies did not find support for Men-
of markers. If the signal remains strong, the relevant humandelian transmission unless age and/or gender variations in the
chromosomal region can be scrutinized with a variety of tech-major gene were taken into account. From this small body of
niques. More refined positional cloning could be undertakendata, the trend seems to be for a major recessive gene account-
and DNA sequencing would then follow. In many ways, animaling for Ç20–25% of the variance, but with age-associated
and human research methods are interactive and complemen-effects, with a gene frequency ofÇ0.2–0.3. These results must
tary. Thus far, at least 24 QTL have been reported for bodybe viewed with great caution, however, because they are based
mass or body fat (Chagnon and Bouchard 1996, Pérusse et al.only on the unmeasured genotype approach and the gene(s)
1997).has(have) not yet been identified (Bouchard 1994).

Results from linkage studies. First, let us make a simple
distinction. In the past 3–5 y, we have made important ad-OVERVIEW OF METHODS TO IDENTIFY
vances in defining the molecular mechanisms that are involvedOBESITY-RELATED GENES
in regulating energy balance. Where progress has occurred is
in the identification of some molecules that are involved inThe approach to the identification of the obesity genes is
adipose tissue biology and regulation of energy balance. Verymultifaceted. No single strategy can provide all the answers.
little progress has been made on the genetic front where weWe have to rely on a variety of complementary approaches to
have not yet found a mutation responsible for the susceptibilityzero in on the genes and, subsequently, on the mutations with
to obesity in some people. Although we have made great stridesfunctional implications. For this, animal studies can be very
in the molecular biology domain, we are literally stagnant oninformative. Fortunately, in the field of obesity, we have single-
the genetics of obesity. We have not been able to take advan-gene models—five in the mouse plus one in the rat. These
tage of the advances in the understanding of the regulation ofgenes have been mapped and the mutations identified. All

have been cloned. They are proving to be helpful for human energy balance to translate them into molecules and mutations
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that could be responsible for human variation in the suscepti- have the potential to influence energy balance and fat storage.
There are probably other areas, but these genomic regions arebility to obesity (Bouchard 1996).

Here, we are interested in the role of the specific DNA among the most interesting to investigate at this time.
sequence variations that are co-segregating with obesity phe-
notypes. A summary of the linkage data indicates that there CONCLUSIONS
are now several positive findings. Unfortunately, the vast ma-

On the basis of these data, and others that cannot be re-jority of these positive results have not been confirmed in
viewed here, we have recently revised the human obesity geneindependent studies. The only genome-wide search that has
map as of October 1996 (Pérusse et al. 1997). The humanbeen completed to date for obesity-related genes was under-
obesity gene map incorporates the loci from single-gene muta-taken in pairs of siblings from the Pima Indian community.
tion rodent models of obesity, all QTL from crossbreedingPersuasive evidence for linkage was observed only with markers
experiments, all relevant Mendelian disorders that have beenon chromosome 11 (11q21–q22) and suggestive evidence on
mapped to a chromosomal region, and genes or markers thatchromosome 3 (3p24.2–p22) (Norman et al. 1997). The scan
have been shown to be associated or linked with an obesitywas accomplished with Ç600 markers. Markers on 6p21 were
phenotype (Pérusse et al. 1997). Only 4 of the 24 chromosomesalso found to be linked to obesity phenotypes in Pima Indians.
are not represented on the obesity map at this time: chromo-Indeed, in 304 pairs of siblings, a fairly strong linkage with a
somes 9, 18, 21 and Y.marker Ç10 cM away from tumor necrosis factor-a was re-

Several chromosomal areas are characterized by theported (Norman et al. 1995). In the Quebec Family Study,
presence of several positive findings. The chromosomesignificant linkages were found with DIS200, a marker on chro-
arms with at least three entries in the map are the follow-mosome 1p32, and body fat (Chagnon et al. 1997).
ing: 1p, 1q, 3p, 4q, 6p, 7q, 8p, 8q, 11p, 11q, 15q, 20q andThere are now at least four linkage studies suggesting that
Xq. We expect that the number of genes and other markersthe OB gene or a gene nearby on 7q31.3 might be involved
associated or linked with human obesity phenotypes willin human obesity. Several hundred human LEP genes have
increase dramatically in the coming years. The main taskbeen sequenced, and the OB mutation appears to be extremely
will remain that of identifying the genes and mutationsinfrequent in humans if it exists at all. However, linkage stud-
that are contributing in a major way and under what cir-ies suggest that, in the vicinity of LEP, there are markers that
cumstances.are linked to obesity. The first of these studies is our Quebec

Family Study in which Ç400 pairs of siblings were typed for
blood groups and red blood cell enzymes at entry into the ACKNOWLEDGEMENTS
study Ç20 y ago. A strong linkage was found with the KELL
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