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Epidemiological investigations suggest that T102C polymorphism of gene 5-HT2A may be associated with mean life span
because diseases and behaviors related to this polymorphism, such as schizophrenia, suicide, aggression, and addiction, may
potentially shorten mean life span. A sample of 687 individuals without previous neuropsychiatric disease was genotyped and
separated into 3 groups according to their gender and age: 14-45 years old, 46-64 years old and 65-100 years old. Molecular
genotyping was performed using the technique of polymerase chain reaction followed by restriction fragment length polymor-
phism using HpaII restriction enzyme. 5-HT2A genotype frequencies were: TT = 21.5% (148), CC = 16.6% (114) and TC = 61.9%
(425) and allele frequencies were T = 52.5% and C = 46.5%. Significant differences were found between mean age of the TT
genotype carriers (60.27 ± 12.60 years) and TC genotype carriers (56.80 ± 13.18 years) of T102C polymorphism of gene 5-HT2A
(P = 0.026) as well as the age groups (P = 0.012). Carriers of genotype TT were older than the other two genotypes, whereas
carriers of genotype CC had an intermediate age compared with TT and CC subjects. The present results demonstrate an
association between T102C polymorphism of gene 5-HT2A and age. Our results suggest that T102C polymorphism of gene 5-
HT2A is associated with mean life span, and thus this gene becomes a possible candidate for the group of adaptive genes to meat
consumption proposed in the literature. Further studies should be conducted in order to elucidate this association.
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Introduction

The theory of antagonist pleiotropic gene suggests that
evolutionary pressure has selected mutations that benefit
survival at pre-reproductive ages, increasing reproductive
success, even if these mutations could bring adverse
consequences at post-reproductive stages and old age
(1). Based on the hypothesis that most biological routes

have been preserved by evolution (2), studies related to
mean life span or life expectancy are important for the
understanding of the aging process and longevity. In fact,
progress in genome studies have indicated that genetic
polymorphisms contribute to mean life span (3), since
more than 25% of variations in mean longevity in humans
are hereditary (4).

A hypothesis suggested by Finch and Stanford (5) has
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proposed the fixation of adaptive genes to meat consump-
tion in the human genome throughout evolution, in which
such genes would be related to life span. The authors
argue that meat consumption may have played an impor-
tant role during human evolution, extending the lifetime of
the species. The role of the adaptive genes to meat con-
sumption would be to reduce the harmful effects of meat
ingestion, such as increased cholesterol, which is a risk
factor for Alzheimer’s and vascular diseases, as well as
reducing the risk of infection. Ancestors of human beings
were hunters and scavengers who needed to pass on the
knowledge of these activities to the next generations, thus
increasing post-reproductive lifetime. It was in the period of
childhood and adolescence that individuals developed
enough skills to hunt. The reproductive success of the
species is a consequence of this cycle (5).

Genes related to reproductive success via food prefer-
ence may also be related to the increase in mean life span.
A study conducted by Prado-Lima and colleagues (6)
showed that genotype TT of T102C polymorphism of gene
5-HT2A is related to a preference for meat ingestion.
Another study conducted by Herbeth and colleagues (7)
found an association between polymorphism 1438G/A of
gene 5-HT2A and fat consumption in young individuals.
These authors stress the idea that these results may help
explain the role of the serotonergic system in eating behav-
ior. Both polymorphism 1438G/A and T102C are related to
a variant of disequilibrium in the promoting region of gene
5-HT2A (8).

Many epidemiological investigations describe the pos-
sible association between genotype CC of polymorphism
of gene 5-HT2A and neuropsychiatric diseases, such as
schizophrenia, psychotic symptoms in Alzheimer’s pa-
tients, attention deficit and hyperactivity disorder, suicide,
as well as addiction to tobacco (9-11). In contrast, many
other studies show a positive association between geno-
type TT of T102C polymorphism of gene 5-HT2A and
acute myocardial infarction, stroke, high blood pressure,
and high values of platelet aggregation in healthy adults
(12-15). Based on these biological characteristics and
studies that demonstrate associations between T102C
polymorphism of gene 5-HT2A and eating preference,
addiction, and chronic diseases related to alleles T and C,
we asked whether this polymorphism could be associated
with mean life span in humans.

Material and Methods

The present observational crossover study of a popula-
tion was based on the application of questionnaires and
the estimate of gene diseases as proposed by Little et al.

(16). The sample was composed of 687 individuals from
two sources: 267 individuals from an epidemiological study
on aging conducted in Gravataí, a city located in the
metropolitan area of Greater Porto Alegre, RS, Brazil, and
420 individuals from a health spa in Gramado, a city
located close to the metropolitan area of Greater Porto
Alegre, RS, Brazil.

Individuals who were first or second degree relatives
were excluded from the sample in order to avoid error in
genetic frequencies. Ancestry of the southern region of
Brazil has great ethnic variation, which is highlighted in
major urban areas, such as the metropolitan region of
Greater Porto Alegre, which does not present any signifi-
cant ethnic isolation (17,18). A study conducted by Da
Cruz and colleagues (19) showed that the ethnic composi-
tion of the metropolitan region of Greater Porto Alegre is
appropriate for the implementation of epidemiological stud-
ies on aging. Thus, we opted for considering the two
sources of the sample as being one single population
genetically.

T102C polymorphism of gene 5-HT2A was determined
by means of extraction of lymphocyte DNA, and genotyp-
ing was performed using the technique of polymerase
chain reaction (PCR) described by Warren Jr. et al. (20),
with small modifications made by Tsai et al. (21). Briefly,
standard PCR was carried out in a 25-µL volume contain-
ing 100 ng genomic DNA, 200 µM of each dNTP, 1.5 mM
MgCl2, 250 nM of the sense (5’TGTGCTACAAGTTCT
GGCTT-3') and anti-sense (5'-GTGCAGTTTTTCTCTA
GGG-3'). The PCR product was digested by restriction
enzyme HpaII, separated by electrophoresis, and visual-
ized with ultraviolet light. Allele T was not hydrolyzed by
the restriction enzyme, and appeared as a DNA band of
342 bp on the gel. Allele C presented two DNA bands at
216 and 126 bp.

Allele and genotype frequencies were tested following
Hardy-Weinberg’s law. The significance of the differences
of the genotype distribution between the different age
groups was determined by the chi-square test. In order to
compare mean ages of individuals within the three geno-
types, one-way ANOVA was used, followed by the post
hoc Bonferroni’s test. Statistical analyses were carried out
with the SPSS program version 13.0 (SPSS, Inc., USA),
and P values greater than 0.05 were considered to be
statistically significant.

This protocol was included in a project that was submit-
ted to and approved by the Research Ethics Committee of
the Pontifícia Universidade Católica do Rio Grande do Sul,
affiliated with the Conselho Nacional de Saúde (#226/01
and #797/2001). Furthermore, the Committee of the Uni-
versidade Federal do Rio Grande do Sul approved the use
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of the retrospective data to perform the investigation de-
scribed here (#2006632/2006). Written informed consent
was obtained from all participants.

Results

The lowest and highest ages of the sample were 14
and 100 years, respectively. The gender and genotype
and allele distribution of the sample are reported in Table
1. Genotype and allele frequencies were in Hardy-Wein-
berg equilibrium. Average ages for each genotype cat-
egory are reported in Table 2. Carriers of genotype TT
were older than the other two genotypes. Carriers of geno-
type CC had an intermediate age compared with carriers of
genotypes TT and heterozygous TC, whose mean age
was lower (TT vs TC; P = 0.026 for ages).

Differences in genotype distribution for the three age
groups, classified to reflect the biological-reproductive char-
acteristics of Brazilian individuals were: the reproductive
group (14 to 45 years; N = 123), the post-reproductive
group (46 to 64 years; N = 326), and an elderly group (65
to 100 years; N = 238). We considered that the human
reproductive peak occurs before 45 years of age and
declines in subsequent years. Statistically significant dif-
ferences were found between the three age groups for
genotype distribution (P = 0.017). The number of carriers
of genotype TT was higher in the elderly group compared
with the reproductive group. The number of carriers of
genotype CC was higher in the post-reproductive group
compared with the other two age groups, and the number
of carriers of genotype TC gradually decreased from the
reproductive group to the elderly group (Figure 1). No
statistically significant differences were found between
gender and the distribution of genotypes.

Discussion

In the present study, we investigated the possible
association between polymorphism T102C of gene 5-HT2A
and age. Statistically significant differences were found
between genotype distribution and age. Carriers of geno-
type TT apparently live longer than carriers of the other
genotypes. This association was suggested when we an-
alyzed the 5-HT2A allele and genotype frequencies of all
three groups together. These were in Hardy-Weinberg
equilibrium.

There also seems to be a bottleneck effect related to
genotype CC at post-reproductive ages, since the number
of individuals with this genotype decreases in the post-
reproductive group but not in the elderly group. On the
other hand, the number of carriers of genotype TC seems

Table 2.Table 2.Table 2.Table 2.Table 2. Age of subjects with each genotype of gene 5-HT2A.

Genotypes Age (years)

TT 60.27 ± 12.60a

CC 58.07 ± 15.48a,b

TC 56.80 ± 13.18b

Total 57.75 ± 13.52

Data are reported as mean ± SD. Means with the same super-
script letters did not present statistical differences using one-way
ANOVA followed by the post hoc Bonferroni’s test.

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Distribution of the 5-HT2A genotypes by age groups.

to decrease as they grow old. Moreover, the mean age of
carriers of genotype TT was significantly higher than the
mean age of carriers of genotype TC.

The interpretation of the results obtained herein was
made from a biological-evolutionary standpoint. As a re-
sult, four main questions arise. First, considering the nullity
of the migration effect, consanguineous crossing-overs,
and mutation rates in the sample, why is a decrease in the
number of carriers of genotype CC taking place only in the

Table 1.Table 1.Table 1.Table 1.Table 1. Characterization of subjects genotyped for serotonin-
2A receptor T102C polymorphism.

Number (%)

Gender
Male 263 (38.3%)
Female 424 (61.7%)

Genotype frequency
TT 148 (21.5%)
CC 114 (16.6%)
TC 425 (61.9%)

Allele frequency
T 721 (52.5%)
C 653 (47.5%)

Data are reported as number with percent in parentheses.
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post-reproductive group? Second, why does the number
of genotype TC carriers gradually decrease from the repro-
ductive group to the elderly group, i.e., why do they appar-
ently live less compared to carriers of the other genotypes?
Third, why, opposite to carriers of genotype TC, do carriers
of genotype TT apparently live longer compared with car-
riers of the other genotypes? Fourth, can the behavior of
gene 5-HT2A in this study support the hypothesis that
adaptive genes to meat consumption are     related to mean
human life span as proposed by Finch and Stanford?
These questions are both complex and will hardly be
answered by this investigation; however, we sought to
explore some elements that may contribute to provide
biologically relevant answers.

First, it is important to understand the biological role of
serotonin (5-HT). 5-HT is an ancestral molecule that has
recently acted as a neurotransmitter, regulating several
brain functions, as well as being involved in a broad variety
of behaviors, such as fear, sleep, appetite, mood, and
sexual behavior (22). Deficits in the modulation of 5-HT
result in many chronic non-communicable diseases, such
as cardiovascular diseases and psychiatric disorders (22).

Many lines of evidence suggest that T102C polymor-
phism of gene 5-HT2A plays an important role in suicide,
impulsiveness, and emotional alterations (23). The results
of case-control studies have suggested a possible asso-
ciation between allele C of T102C 5-HT2A gene polymor-
phism and neuropsychiatric diseases, although the data
are still controversial. Bjork et al. (24) observed that ho-
mozygous patients for allele C presented increased sui-
cidal ideation and suggest that the T102C form of gene 5-
HT2A may be a marker for psychiatric disorders. Studying
the association between T102C polymorphism of gene 5-
HT2A and attention deficit and hyperactivity disorder
(ADHD), Li et al. (25) reported that genotype TT has a
protecting role, genotype TC is a risk factor and allele C is
a predisposing factor for the disease in women with ADHD.

A study conducted by Choi et al. (26) suggests the
association between genotype CC and low HDL levels in
Koreans. Moreover, Liolitsa et al. (27) reported an in-
crease in the frequency of allele C in individuals with high
blood pressure. On the other hand, Yamada et al. (12)
suggest that T102C polymorphism of gene 5-HT2A may
be a genetic marker for acute myocardial infarction. How-
ever, probably the most explored line of research in rela-
tion to polymorphism T102C of gene 5-HT2A is schizo-
phrenia since serotonergic metabolism is involved in the
etiology of schizophrenia, a disease that affects about 1%
of the world population (28). Research suggests that schizo-
phrenia has a hereditary characteristic (29), and many
studies point to a relationship between T102C polymor-

phism of gene 5-HT2A and this disease (30,31), as well as
for the therapeutic action of clozapine (32).

Unfortunately, there is very little demographic data
available on mortality caused by neuropsychiatric dis-
eases. Based on data published by the database of the
Brazilian public health system (33), in the State of Rio
Grande do Sul the mortality rate due to behavioral dis-
eases (CID-10.V) is high (11/100,000 in 1999). These
include mood disorders, schizophrenia, personality and
emotional disorders, among other diseases that are poten-
tially influenced by T102C polymorphism of gene 5-HT2A
especially in the post-reproductive group. For this reason,
complementary case-control studies between neuropsy-
chiatry pathologies and the polymorphism studied here
need to be perfomed in the Rio Grande do Sul population.

A previous study showed that in humans there is a
linear loss of receptor 5-HT2A of about 16 and 18% per
decade of life in the hippocampus and prefrontal cortex,
respectively (34). The authors report that receptor 5-HT2A
decreases dramatically in many brain regions after the age
of 50. Polesskaya and Sokolov (35) developed a method to
determine the effect of alleles T and C of T102C polymor-
phism of gene 5-HT2A through the expression of mRNA.
Using this technique, the authors demonstrated that the
expression of allele C is 20% lower compared to the
expression of genotype T. Two other studies (6,11) that
used a subject sample similar to the one used herein found
that allele C is more frequent in individuals who smoke,
and that carriers of genotype TT have a stronger prefer-
ence for consuming meat compared to carriers of at least
one allele C.

Currently, little is known about genetic polymorphisms
associated to mean life span. However, polymorphisms in
the serotonergic system change neurometabolic routes,
leading to neuropsychiatric diseases and behaviors that
potentially lead to death or to conditions that shorten life
expectancy.

Other more recent studies support this hypothesis. For
instance, the investigation conducted by Gondo and col-
leagues (36) compared centennial and young individuals
and suggests an association between the serotonin trans-
porter gene (5-HTT) and longevity via negative predictors
of longevity. On the other hand, Stessman et al. (37) did
not find an association between the same polymorphism of
5-HTT and longevity in Jewish individuals who live in
Jerusalem, which suggests the occurrence of intervening
variables, which may include the interaction between ge-
netic polymorphisms influencing longevity. In the present
study, we worked only with the part related to the effect of
a single nucleotide polymorphism (SNP); however, it should
be possible to systematize environmental influences such
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as negative and positive predictors of mean life span.
Our results suggest that T102C polymorphism of gene

5-HT2A is associated with mean life span, and thus this
gene becomes a possible candidate to the group of adap-
tive genes to meat consumption proposed by Finch and
Stanford (5). Nevertheless, further studies should be con-
ducted in order to clarify the relationship of genetic poly-
morphisms and mean life span.

One limitation of the present study is related to the
stratification of the population; however, an analysis made
by Wacholder et al. (38) suggests that the error attributed
to the stratification of a population is minimal. Another
limitation is the fact that the population of the present study
could be of mixed origin. We are not aware of any pub-
lished study on the genic frequency of T102C polymor-
phism of gene 5-HT2A in different ethnic populations. It is
possible that ethnically mixed populations like the Brazil-
ian population could cause bias in the genic frequencies
observed. We used only a Caucasian sample from Rio
Grande do Sul. Genetic studies by Marrero et al. (39) using
seven γ-chromosome polymorphisms comparing 5 sub-
jects classified as white from Veranópolis, a city with a
large Italian descendant community, and other samples
from different localities of Rio Grande do Sul showed
differences in ethnic contribution. In the Veranópolis sam-
ple, almost all subjects presented European ancestry. This
result was not the same in the second sample that included
subjects identified as White that presented significant frac-
tions of Native American (36%) and African (16%) mtDNA

haplogroups. These results indicate that Brazilian popula-
tions are remarkably heterogenous (39). However, we
used a Caucasian sample in the genetic analysis and
found Hardy-Weinberg equilibrium; thus, we believe that
the results obtained here did not present a bias in the
ethnic sample selection.

Mean life span is a complex phenomenon that involves
many genetic and environmental factors. Colhoun et al.
(40) state that the inability to replicate many results has led
to continuous skepticism as to the value of the findings of
studies of the simple association between a genetic vari-
ant and a complex phenotype, as is the case of mean life
span. They go on suggesting that one of the most impor-
tant factors that lies behind this inability to reproduce these
associations is publication bias, which fails to attribute
result alterations and inadequate sample sizes.

Finally, we believe that the merit of the present study is
mainly an attempt to contribute to the understanding of the
genetic influence on human life expectation. Our results
demonstrated that T102C polymorphism of gene 5-HT2A
was associated with the mean life span. Further studies
should be carried out in order to strengthen this suggestion.
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