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Abstract

SOOKOIAN, SILVIA C., CLAUDIO GONZALEZ, AND
CARLOS J. PIROLA. Meta-analysis on the G-308A4 tumor
necrosis factor-a gene variant and phenotypes associated with
the metabolic syndrome. Obes Res. 2005;13:2122-2131.
Objective: The G-308A tumor necrosis factor (TNF) « gene
variant has been associated with obesity, insulin resistance,
and hypertension. We performed a systematical review of
the literature by means of a meta-analysis to assess the
association of the G-308A4 TNFa polymorphism with the
components of the metabolic syndrome.

Research Methods and Procedures: Studies were identified
by searches of the literature for reports using the terms: dia-
betes, insulin resistance, hypertension, obesity or metabolic
syndrome and TNF, variants or polymorphism or alleles, and
Nco or —308. From 824 reports, we included 31 observational
studies, case control and cohort at baseline, which analyzed the
association between the TNFa polymorphism and one or more
components of the metabolic syndrome. A fixed effect model
was used to pool data from individual studies.

Results: Obesity [odds ratio, 1.23; 95% confidence interval
(CI), 1.045 to 1.45; p = 0.013] in a total of 3562 individuals
from eight homogeneous studies, systolic arterial blood
pressure (standardized difference, 0.132; 95% CI, 0.016 to
0.25; p < 0.03) in a total of 1624 individuals from four
homogeneous studies and plasma insulin levels (standard-
ized difference, 0.095; 95% CI, 0.020 to 0.17; p = 0.013) in
a total of 3720 subjects from 16 homogeneous studies were
positively associated with the —308A variant.
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Discussion: These results indicate that individuals who
carried the —308A TNF« gene variant are at 23% risk of
developing obesity compared with controls and showed
significantly higher systolic arterial blood pressure and
plasma insulin levels, supporting the hypothesis that the
TNF« gene is involved in the pathogenesis of the metabolic
syndrome.
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Introduction

The clustering of abdominal obesity, high triglycerides,
low levels of high-density lipoprotein cholesterol, high
blood pressure, and insulin resistance has been called the
metabolic syndrome (1). This entity not only affects nearly
one in four adults in western countries (2) but is also an
increasingly major health problem in young populations
(3,4) as well as a major risk factor for cardiovascular disease
(5).

The etiology of the metabolic syndrome is complex,
determined by the interplay of both genetic and environ-
mental factors. Pathways leading to the clinical manifesta-
tions of the metabolic syndrome involve a number of met-
abolic risk factors, as well as mediators of inflammatory
response such as the proinflammatory adipokine, tumor
necrosis factor (TNF)! « (6).

Because the TNFa expression may be increased in adi-
pose tissue of both rodent models of obesity and obese
humans, TNFa was considered as a candidate gene for
obesity (7). Afterward, a similar overproduction of TNFa in
human fat cells was demonstrated in human obesity and
insulin resistance (8,9).

! Nonstandard abbreviations: TNF, tumor necrosis factor, OR, odds ratio; SABP, systolic
arterial blood pressure; WHR, waist-to-hip ratio, HOMA-IR, homeostasis model assess-
ment; D, standardized difference.



TNFa Variant and Metabolic Syndrome, Sookoian, Gonzalez, and Pirola

The human TNFa gene has been localized at the chro-
mosome 6p21.3 coding for a 157-amino acid polypeptide
processed from a 233-amino acid precursor (10). Among
other variants, the most characterized biallelic TNFa poly-
morphism involves a single base change, G/A—308, in the
promoter region (11). In vitro experiments have suggested
that the G-308A variant has a functional role because it is
located within a consensus sequence of the transcription
factor AP-2. Consequently, Wilson et al. (12) have demon-
strated that the G-308A variant increases transcriptional
activation of the TNFa.

Since then, many control studies have examined the as-
sociation between the G-308A variant and the components
of the metabolic syndrome. Some, but not all studies, have
indicated a key role for the variant in the pathogenesis of
obesity and obesity-associated insulin resistance (13-22).

Because meta-analysis is a reliable way to address the
discrepancies in genetic association studies, we decided to
evaluate the influence of the G-308A4 TNF«a promoter gene
variant on the occurrence of phenotypes associated with
metabolic syndrome.

Research Methods and Procedures

Data Sources and Study Selection

For the electronic searches, published studies were found
through PubMed at the National Library of Medicine (http://
www.ncbi.nlm.nih.gov/entrez/query) and in Medline data-
bases for the keywords [diabetes, insulin resistance, hyper-
tension, obesity, or metabolic syndrome] and TNF and
[gene variants or polymorphism or alleles] and [Nco or
—308]. Reference lists in relevant publications were also
examined. In addition, >6500 abstract citations on TNF
from PubMed were revised using the program RefViz
(Thomson, ISI Research Soft, Stamford, CT) by searching
for the above-mentioned additional keywords in the abstract
text. The literature search was done on studies up to No-
vember 2004. There were no language or country restric-
tions.

We evaluated 824 citations identifying 31 studies that
met the selection criteria: population-based or hospital-
based case-control or cross-sectional studies concerning one
or more components of the metabolic syndrome, in which
information about number of subjects in each category,
sufficient data to calculate outcomes, and G-3084 TNF«
genotyping performed with a validated molecular method
could be extracted. In the case of cohorts, we included
variables before any intervention. All investigations ana-
lyzed in this meta-analysis have been carried out in accor-
dance with the Declaration of Helsinki as declared by the
authors of each study.

Data Collection
All odds ratios (ORs) were calculated against healthy
control subjects. For each study, information was collected

concerning the following characteristics of the subjects:
demographic information (age, sex, ethnicity), clinical fea-
tures [obesity, type 2 diabetes, hypertension, and systolic
arterial blood pressure (SABP)], and phenotype measure-
ments [BMI calculated as weight (kilograms)/height
(meters) squared and waist circumference divided by the
circumference of the hip to obtain the waist-to-hip ratio
(WHR)]. Biochemical determinations such as fasting glu-
cose and insulin, insulin resistance by homeostasis model
assessment (HOMA-IR) (23), and plasma leptin concentra-
tion using any standard laboratory method were also ana-
lyzed. All quantitative variables had to be expressed as
mean = SD or SE, in which case it was converted to SD. In
all of the studies included, obesity was defined as BMI = 27
kg/m?.

Because the frequency of the —308A allele was low
particularly in Asian populations, a dominant model of
inheritance grouping GA + AA genotypes was used to
assess differences between genotypes.

Study Characteristics

Five studies were population-based (22,24-27), and 26
were hospital-based studies (13-15,20,21,28 -48). Twenty
studies included white subjects (13-15,20-22,24-29,32,
34,35,37,41,44,47,48), two studies included Finnish popu-
lation (40,43), four studies included Korean and Chinese
subjects (38,39,45,46), three involved Japanese (31,33,36),
one study included Arabian subjects (30), and one study
included Brazilian subjects (42).

Genotyping for the G-308A polymorphism was carried
out across studies using polymerase chain reaction-restric-
tion fragment length polymorphism followed by digestion
with the restriction enzyme Ncol in 28 studies, whereas in
three studies, genotyping was performed by allele-specific
oligonucleotides.

Statistical Analysis

For quantitative variables, effect stands for standardized
difference (D), which is defined as the mean difference
divided by the common within-group SD, and for di-
chotomic variables, effect stands for ORs. Summary OR
and corresponding 95% CI were estimated by fixed and
random effects meta-regression analysis. Fixed effect mod-
els using the Mantel-Haenszel method was used to summa-
rize results, obtaining the corresponding pooled OR. We
assessed heterogeneity by using Q statistics. For D, the
Cohen test was used to summarize the results, and hetero-
geneity was evaluated with the Q statistic and the 12 statis-
tic, a transformation of Q that estimates the percentage of
the variation in effect sizes that is due to heterogeneity. All
calculations were performed using the Comprehensive
Meta-Analysis computer program (Biostat, Englewood,
NJ).
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Table 1. Summary estimates for the ORs and corresponding 95% CI limits (lower and upper effect) in

hypertension and diabetes for the G-308A TNFa variant

Number of
Effect subjects Case/controls ORs 95% CI limits Heterogeneity )/
Hypertension 1092 505/587 1.04 0.76 to 1.44 None 0.8
Diabetes 3202 1424/1778 1.043 0.851 to 1279 None 0.68

OR, odds ratio; CI, confidence interval; TNF, tumor necrosis factor.

In the case of heterogeneity, we identified study charac-
teristics that stratify the studies into subsets with homoge-
neous effects. To check for publication bias, a funnel plot
was drawn. A p value lower than 0.05 was considered
statistically significant.

Results

Results from 31 studies were included in this meta-
analysis. The overall frequency of the GA + AA genotypes
for the G-308A4 TNF« variant was 0.18 in Chinese, 0.03 in
Japanese, 0.45 in white, 0.36 in Finnish, and 0.23 in a
Brazilian population, indicating a significant (p < 0.001)
variation of the polymorphism across ethnic groups. Be-
cause the aim of this study was to evaluate the association
between the G-308A4 TNF« variant with components of the
metabolic syndrome, we described each topic separately.

Hypertension and SABP

We evaluated four studies (30,39,42,45), and no association
between hypertension and the G-3084 TNFo variant was
found (Table 1). Conversely, as can be seen in Table 2, SABP
data were available in four studies (15,25,33,48) encompassing
1624 individuals, and we observed a significant difference in
SABP between GG homozygotes and A allele carriers; this
difference represents an increase of 3.5 mm Hg SABP in A
allele carriers over that observed in GG homozygotes. No
significant heterogeneity was found. We further examined
whether the association of the —308A variant with SABP did
depend on ethnicity and age of the subjects, and we observed
that the effect was only significant for studies with white
subjects and in the group of patients between 21 and 40 years
old (D, 0.149; 95% CI, 0.012 to 0.286; p < 0.03, n = 1053).
From the funnel plot showed in Figure 1A, it seems that the
there was no publication bias.

Table 2. Summary estimates for the standardized difference (D) in systolic arterial blood pressure between the
two groups according to the G-308A TNF« variant (homozygotes GG and A allele carriers, GA + AA)

Number of individuals Effect
Effect Ethnicity Citation Age Total GG GA+AA D Lower Upper p
White Wybranska 48 41 to 60 121 64 57 0.000 —0.361 0.361 1.000
White Hoffstedt 15 41 to 60 239 173 66 0.182 —0.103 0.468 0.210
White Hoffstedt 15 21 to 40 378 273 105 0.069 —0.157 0.295 0.549
White Nicaud 25 21 to 40 675 501 174 0.197 0.023 0370 0.026
Fixed White (4) 1413 1011 402 0.139 0.022 0.256 0.020
Random White (4) 1413 1011 402 0.139 0.022 0.256 0.020
Japanese Hayakawa 33 41 to 60 211 206 5 —0.287 —1.180 0.606 0.527
Fixed Japanese (1) 211 206 5 —-0.287 —1.179 0.605 0.527
Random Japanese (1) 211 206 5 —0.287 -—1.179 0.605 0.527
Fixed Combined (5) 1624 1217 407 0.132 0.016 0.247 0.026
Random Combined (5) 1624 1217 407 0.132 0.016  0.247 0.026

Corresponding 95% CI limits (lower and upper effect) were estimated by fixed and random effects meta-regression analysis. Numbered
references are indicated in the citation column. The studies were divided according to ethnicity, and the total number of combined studies
is indicated in parentheses.

2124 OBESITY RESEARCH Vol. 13 No. 12 December 2005



TNFa Variant and Metabolic Syndrome, Sookoian, Gonzalez, and Pirola

24
o A
g
- 4
r
©
E
w 3
h=]
ot
@
= 2
o
.0
g 1
&
0 73 2 -1 0 1 2 3
Log Odds Ratio
[+
c ®|B
2]
o
-
‘S 6
=
z Q
he]
*Q- 4
=
8 O
<]
® 2
o
E o © o°
0 -3 -2 -1 0 1 2 3
Log Odds Ratio
x g
(@]
2 C
<)
]
‘S 6
T
w
k=]
5 4
=
s
@ 2
(5 o
e
o
0]
-3 -2 -1 0 1 2 3

Log Odds Ratio

Figure 1: Funnel plots of precision by effect size for (A) hyper-
tension, (B) type 2 diabetes, and (C) obesity.

Type 2 Diabetes: Fasting Insulin, Fasting Glucose, and
HOMA-IR

We found nine studies (31,32,34,36-38,40,42,46)
showing that there was no association between type 2
diabetes and the G-308A TNF« variant (Table 1). We did
not identify heterogeneity in terms of statistical signifi-
cance, and the funnel plot (Figure 1B) indicates no pub-
lication bias.

By contrast, we found from 14 homogeneous studies
(13-15,20,22,25,27,31,33,36,41,44,45,48) that fasting insu-
lin was significantly higher in A allele carriers with respect

to GG homozygous subjects (Table 3). This difference
roughly represents an increase of 24.2% in the A allele
carrier group with respect to the GG homozygous group.
When subjects were stratified by ethnicity, this difference
was only significant in white individuals. On the other hand,
there were two age groups in which the difference in fasting
insulin showed statistical significance: individuals with an
age under 20 years (D, 0.250; 95% CI, 0.028 to 0.471; p =
0.027; n = 404) and the group between 41 and 60 years old
(D, 0.132; 95% CI, 0.002 to 0.263; p = 0.046; n = 1337).
Conversely, fasting glucose was similar in both genotypes
in 13 studies (13-15,20-22,25,31,33,36,41,44,45) without
heterogeneity (Table 4).

In six studies without heterogeneity (13,31,33,36,44.,45),
there was a trend that did not reach statistical significance
toward a difference in the HOMA-IR between GG homozy-
gous and A allele carriers (Table 4). However, when we
analyzed the data between the 362 white individuals, a
significant difference was observed showing that the
HOMA-IR was higher in individuals who carried the
—308A TNF« variant (D, 0.260; 95% CI, 0.036 to 0.484;
p = 0.023; n = 362). In addition, there was also a signifi-
cant difference in individuals with ages between 41 and 60
years (D, 0.178; 95% CI, —0.020 to 0.37; p = 0.05; n =
961).

Obesity, BMI, and WHR

Across eight studies (21,26,28,29,35,39,42,44), we found
a significant association between the G-308A TNF« variant
and obesity (Figure 2), with no heterogeneity between stud-
ies. Again, from the funnel plot depicted in Figure 1C, it can
be observed that there appeared to be no publication bias.
However, when we examined whether the association of the
—308 A variant with obesity depends on ethnicity, we
observed that the effect was only significant in white sub-
jects (D, 1.25; 95% CI, 1.063 to 1.492; p < 0.01 in 3119
individuals). Furthermore, the difference was only found
among individuals between 41 and 60 years old (D, 1.32;
95% CI, 1.09 to 1.63; p = 0.005; n = 2289).

BMI was found to be similar between genotypes (D,
0.058; 95% CI, —0.033 to 0.148; p = 0.21; n = 5009) from
18 studies that reported the data, although there was heter-
ogeneity among them (p = 0.031), particularly in the white
group (13-15,20-22,25-27,29,31,33,36,39,43-45,48). By
subtracting two reports (21,44), heterogeneity was removed,
and a significant association was demonstrated between the
—308A TNF« allele and BMI (D, 0.074; 95% CI, 0.005 to
0.142; n = 4647; p = 0.034).

Plasma leptin levels seemed not to be different between
genotypes, results analyzed from four heterogeneous studies
(14,22,36,45) (Table 4). Finally, WHR was reported in 13
homogeneous studies (13,15,20-22,25,26,29,33,39,48), and
no association was found between genotypes and WHR
(Table 4).
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Ethnicity Citation Age NTotal GA+AA GG
Brazilian JC Padovani 21-40 148 1/34 11/114
Fixed Brazilian (1) 148 1/34 1/114
Random  Brazilian (1) 148 1/34 1117114
Caucasian E Brand 41-60 132 33/44 55/88
Caucasian S Romeo 41-60 194 28749 87 /145
Caucasian MS Corbalan  21-40 313 39/78 120/235
Caucasian L Chouchane  21-40 517 126/183 2171334
Caucasian J Walston 41-60 571 108/165  253/406
Caucasian S-M Herrmann  41-60 1392 1117451 168 / 941
Fixed Caucasian (6) 3119 445/970  900/2149
Random Caucasian (6) 3119 445/970  900/2149
Chinese SC Lee 21-40 295 28/46 146 / 249
Fixed Chinese (1) 295 28/46 146 / 249
Random  Chinese (1)} 295 28/46 146 / 249
Fixed Combined (8) 3562 474/1050 1057/2512
Random Combined (8) 3562 474/1050 1057 /2512

Effect Lower Upper PValue 0.1 02 0.5 1 2 5 10
284 .035 2.281 .209
.284 .035 2281 .236
.284 035 2281 .236
1.800 .803  4.036 151 B B e
.889 461 1713 725 —_—
858 574 1.600 871 ——
1.192 811 1.752 372 ——
1.146 785 1.673 481 ——
1.502 1.145 1.971 .003 —
1.258 1.063 1.492 .008 —
1261 1.065 1494 .007 =
1.097 577 2.089 777 ——
1.097 577 2.089 777
1.097 577  2.089 777 O N
1.230 1045 1.447 013 =
1239 1.052 1.458 010 =
GG GA+AA

Figure 2: Summary estimates for ORs (effect), the corresponding 95% CI limits (lower and upper), and significance (p) were estimated by
fixed and random effects meta-regression analysis for obesity between the two groups according to the G-3084 TNFa variant (homozygous
GG and A allele carriers, GA + AA). The ratio under GG and GA + AA indicates proportion of case individuals with respect to the total
in each genotyped group. The first author of the study is indicated under citation. In the graph, numbers indicate log of OR, filled squares
represent the effect of individual studies, and empty squares express fixed combined effect and express random combined effect. The square
size is proportional to the number of individuals involved in each study.

Discussion

Persistent difficulties in obtaining robust and replicable
results in genetic association studies are almost certainly
because genetic effects are small, requiring studies with
many thousands of subjects to be detected (49,50). Case-
control studies are the most widely applied strategy of
association studies for characterizing the genetic contribu-
tion to common diseases, although this approach is prone to
find spuriously associated gene variants with disease. This
difficulty can be solved, at least in part, by doing a system-
atic review of the literature and, thereby, performing a
meta-analysis. Then, the results of the present study may
contribute to resolve the controversy concerning the asso-
ciation between the G-308A TNF« polymorphism and com-
ponents of the metabolic syndrome because we found that
the —308A allele may confer a risk of 1.23 for obesity and
a significant increase of ~3.5 mm Hg in SABP. This con-
clusion arises from a total of 3562 individuals recruited
from eight homogenous studies and 1624 individuals from
four homogenous studies, respectively. Additionally, there
was no evidence of publication bias for both outcomes. In
addition, in 3720 subjects, there was also a positive associ-
ation with insulin plasma levels in A allele carriers, and
there was a trend of HOMA-IR to be higher in subjects
carrying the —308A allele (p < 0.07, n = 1083 from six
studies). It is worth mentioning that fasting insulin, hyper-
tension, and obesity are strongly related phenotypes in
which it is difficult to define which is the cause and which
is the consequence. Unfortunately, most of the studies in-
cluded in the meta-analysis are on single phenotypes, mak-
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ing impossible the adjustment of hypertension and fasting
insulin by the presence of obesity. On the contrary, there
was no significant association of TNFa genotypes with
BMI, WHR, fasting glucose, plasma leptin levels, diabetes,
and hypertension.

Age and ethnicity may have acted as important variables
in determining association risk with obesity, SABP, and
plasma insulin levels because all studies demonstrated that
white A allele carriers had an excess risk for obesity and
higher values of SABP, as well as higher plasma insulin
levels. In the same way, the allele A was associated with
obesity and higher insulin in individuals between 40 and 60
years but higher SABP in the group of 21 to 40 years. This
may indicate that obesity and insulin resistance may either
be related variables or have common causes acting later in
life in which TNFa plays an important role. In contrast, the
contributing role of TNF« to a higher SABP seemed to
appear early in life. More studies are necessary to investi-
gate whether the TNFa exerts its influence in SABP earlier
and independently of its effect on insulin resistance and
body weight.

Several issues should be discussed regarding our find-
ings. First, we found a significant association between the A
allele and SABP, showing that carriers of this allele had
higher values of SABP. The increase in SABP of ~3.5
mm Hg may be an important risk factor for cardiovascular
morbidity and mortality since it has been estimated that a 10
mm Hg increase in SABP is associated with a 40% higher
risk for coronary heart disease (51). Although there were not
enough studies to address the question of whether the
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Table 3. Summary estimates for the standardized difference (D) in fasting plasma insulin levels between the two
groups according to the G-308A4 TNFa variant (homozygotes GG and A allele carriers, GA + AA)

Number of individuals Effect
Effect Ethnicity Citation Age Total GG GA + AA D Lower Upper )/
White Fernandex-Real 14 21 to 40 38 23 15 0.848 0.147 1.549 0.015
White Wybranska 48 41t060 121 64 57 0.278 —0.084 0.641 0.129
White Dalziel 13 41t0o60 168 100 68 0.396 0.083 0.709 0.013
White Jaquet 27 0to20 171 125 46 0.375 0.032 0.718 0.031
White Romeo 44 41to60 194 145 49 0.129 —0.197 0455 0.436
White Jaquet 27 0to20 233 172 61 0.156 —0.138 0.450 0.297
White Hoffstedt 15 41to60 239 173 66 —0.060 —0.345 0.225 0.678
White Morris 41 256 157 99 0.057 —0.196 0.309 0.660
White Rosmond 22 41to60 262 148 114 0.020 —0.226 0.265 0.874
White Rasmussen 20 21t040 325 214 111 0.092 —0.138 0.322 0433
White Hoffstedt 15 21to40 378 273 105 0.140 —0.086 0.366 0.223
White Nicaud 25 21t040 614 453 161 —0.017 —-0.197 0.163 0.852
Fixed White (12) 2999 2047 952 0.116 0.038 0.194 0.004
Random White (12) 2999 2047 952 0.132 0.036  0.227 0.007
Chinese Sheu 45 21t040 246 207 39 —0.334 —-0.679 0.011 0.057
Fixed Chinese (1) 246 207 39 —0.334 —0.677 0.010 0.057
Random Chinese (1) 246 207 39 —0.334 —-0.677 0.010 0.057
Japanese Ishii 36 21t040 122 118 4 —0.129 —1.136 0.877 0.799
Japanese Furuta 31 41t060 142 139 3 0.000 —1.154 1.154 1.000
Japanese Hayakawa 33 41to 60 211 206 5 0.522 —-0.372 1416 0.250
Fixed Japanese (3) 475 463 12 0.175 —0.400 0.750 0.549
Random Japanese (3) 475 463 12 0.175 —0.400 0.750 0.549
Fixed Combined (16) 3720 2717 1003 0.095 0.020 0.170 0.013
Random Combined (16) 3720 2717 1003 0.111 0.011 0.210 0.030

Corresponding 95% CI limits (lower and upper effect) were estimated by fixed and random effects meta-regression analysis. Numbered
references are indicated in the citation column. The studies were divided according to ethnicity, and the total number of combined studies
is indicated in parentheses.

Table 4. Summary estimates for the standardized difference (D) and corresponding 95% CI limits (lower and
upper effect) in fasting glucose, HOMA-IR, plasma leptin levels, and WHR for the G-308A4 TNFa« variant

Number of Standardized
Effect subjects difference (D) 95% CI limits Heterogeneity )4
Fasting glucose 3830 —0.006 —0.81 t0 0.07 None 0.88
HOMA-IR 1083 0.165 —0.013 t0 0.343 None 0.069
Leptin levels 845 —0.024 0.207 to 0.159 None 0.79
WHR 3910 0.022 —0.05 to 0.09 None 0.55

CI, confidence interval; HOMA-IR, homeostasis model assessment; WHR, waist-to-hip ratio.
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—308A allele is associated with high circulating TNF«
protein levels as was previously reported (12), it may be
speculated that high levels of plasma TNFa could be asso-
ciated with vascular vasoconstriction. This speculation is
consistent with the fact that TNFa induces the synthesis of
endothelin-1, a potent vasoconstrictor (52). Furthermore, it
was demonstrated in animal models that treatment with
TNFa induced an increase in the circulating endothelin-1
levels, a finding associated with a striking coronary vaso-
constriction in the heart (53). In addition, it was demon-
strated that patients with uncomplicated mild essential hy-
pertension showed elevated plasma intercellular adhesion
molecule-1 and TNFa concentrations (54), suggesting that
the metabolic syndrome is a low-grade, systemic inflamma-
tory condition.

Second, we found that the A allele was associated with a
1.25-fold increase in fasting plasma insulin levels. TNFa
may be an important mediator of insulin resistance in obe-
sity and diabetes through its ability to decrease the tyrosine
kinase activity of the insulin receptor (55) interfering with
insulin action. The difference between HOMA-IR of ho-
mozygotes GG and —308A allele carriers, however, did not
reach statistical significance, although a trend was observed.
This may be likely due to a lack of power of the analysis
because for a total of 1083 individuals, it was <20% for
such small effect.

Third, obesity was positively associated with the —308A
allele. It is noteworthy that the pathogenesis of both obesity
and hypertension is complex, probably involving several
genes and environmental factors. However, genetic analysis
suggests that some of the genes that confer susceptibility to
obesity may also contribute to the development of obesity-
associated hypertension; one such gene may be TNFa (19).
In this scenario, one may hypothesize that the higher pro-
duction of TNFa« linked to the —308A variant may induce
adipose tissue development by increasing the total number
of stromal-vascular and/or uncommitted cells within the
tissue because Kras et al. (56) have reported that these cells
may be recruited to become preadipocytes or may serve
alternatively as infrastructure to support adipose tissue
growth.

Furthermore, insulin has adipogenic activity by stimulat-
ing differentiation and accelerating lipid accumulation (57),
and it is conceivable to assume that a cross-talk between
TNFa and insulin signaling pathways may participate in the
adipocyte differentiation. A note of caution, however,
should be added because our analysis could not find an
association between TNFa genotypes and BMI, although
there was heterogeneity among the studies. It is difficult to
reconcile the findings of a lack of association with the
continuous variable, BMI, with the positive association with
the dichotomous variable defined as a threshold. In this
case, the total number of individuals studied was high (5009
individuals), and even in whites, the number seemed to be
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sufficiently high (3102 individuals) to have good statistical
power. Then, the different outcomes probably are due to an
excessively low cut-off for BMI in defining obesity (27
kg/m?). When the individuals were distributed by age, in the
group of 21 to 40 years old, there was a trend (p < 0.067,
n = 1851) toward a significant difference for BMI between
homozygous GG and —308A allele carriers, which is also
difficult to explain considering that the association of the
genotype with obesity was mainly in the 41- to 60-year-old
group. Furthermore, because the —308A TNF« variant has
been associated with BMI in non-morbidly obese but not in
morbidly obese individuals (19), we tried to solve this
discrepancy by subtracting from the meta-analysis three
references that included morbidly obese subjects (mean
BMI > 35 kg/m?) (13,21,29) showing a similar result.
Another possible explanation is that heterogeneity was more
significant (p = 0.007) among studies where gender data
were not reported; therefore, sex differences may be an
important confounder factor. To explain heterogeneity, a
step-wise subtraction of reports was performed. By subtract-
ing two publications (21,44), heterogeneity was removed,
and a significant association was demonstrated between the
—308A TNFa allele and BMI in all remaining studies.
Remarkably, these two studies encompassing 618 individ-
uals showed a significant negative association between the
—308A TNF« allele and BMI; one of them (21) included
morbidly obese patients. Importantly, by subtracting the
above-mentioned studies, heterogeneity was also removed
in the groups of studies with no sex data available (data not
shown).

In the same way, although with a small number of indi-
viduals studied, leptin was not different across genotypes.
Then, further studies are necessary to solve this inconsis-
tency, especially considering a recent study in which, in a
step-wise multivariate regression analysis, BMI was signif-
icantly associated with plasma levels of circulating TNF«
(58).

Finally, no publication bias was found regarding the
ethnic backgrounds of the included individuals. However,
when the population was stratified by ethnic groups, the
positive association between the A variant and SABP,
plasma insulin levels, and obesity was only observed in
whites.

In conclusion, this report represents the first meta-analy-
sis including all available evidence, to date, indicating that
carriers of the —308A allele of TNFo are at a 23% risk of
developing obesity and have higher levels of SABP and
fasting insulin compared with non-carriers. However, we
acknowledge that we have not corrected by multiple testing,
even though 10 different phenotypes were analyzed, and
some differences we observed are of small significance,
which can be lost if multiple testing adjustments are applied.
However, we did not consider this procedure appropriate
because we tested specific null hypotheses regarding the
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variables analyzed following a prevalent view widely held
by epidemiologists (59). We also used a different combina-
tion of raw data for a particular phenotype.

These findings may have an important impact in public
health because the prevalence of A allele carriers seems to
be as high as 45% among whites. Although in the Asian
population, the power of the meta-analysis was lower due to
the small number of studies addressing this issue, the very
low frequency of the —308A TNF« allele among Japanese
and Chinese may contribute to the lack of statistical power
to detect a modest effect of the A allele on obesity and
SABP at a general population level. In any case, additional
studies are required to solve this issue because it has been
suggested recently that, although the variant frequency of
different complex disease-contributing genes are very dif-
ferent among diverse ethnic groups, their genetic impact
seems to be similar among them, and a particular gene
variant carries a similar risk in individuals of different
ethnic backgrounds (60).

We wish to add a final note of caution since the G-308A
TNFa polymorphism may be a neutral marker associated
with the true variant influencing the transcriptional activity
of the gene. Moreover, TNF« is located downstream, very
close to the TNF3 gene, forming a cluster that seems to be
regulated in concert (61), suggesting that these might be one
of the few examples of polycistronic systems under the
control of a unique upstream promoter in eukaryotes (62).
Certainly, more experiments are necessary to explore this
intriguing possibility.
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