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Candidate gene analyses are often inconclusive owing to genetic or phenotypic heterogeneity, low statistical
power, selection of nonfunctional SNPs, and inadequate statistical analysis of the genetic architecture.
Angiotensin-converting enzyme (ACE) is involved in adipocyte growth and function and the ACE-processed
angiotensin II inhibits adipocyte differentiation. Associations between body mass index (BMI) and ACE
polymorphisms have been reported in general populations, but the contribution to severe obesity of this
gene, which is located under an obesity genome-scan linkage peak on 17q23, is unknown. ACE is one of the
most studied genes and markers responsible for variation in circulating ACE enzyme levels have been
extensively characterised. Eight of these variants were genotyped in 1054 severely obese cases and 918
nonobese controls, as well as 116 nuclear families from the genome scan (n¼447), enabling the known
clades to be inferred. Qualitative analysis of individual single-nucleotide polymorphisms (SNPs), haplotypes,
clades, and diploclades demonstrated no significant associations (Po0.05) after minimal correction for
multiple testing. Quantitative analysis of clades and diploclades for BMI, waist-to-hip ratio, or ZBMI in
children were also not significant. This rigorous, large-scale study of common, well-defined, severe polygenic
obesity provides strong evidence that functionally relevant sequence variation in ACE, whether it is defined
at the level of SNPs, haplotypes, or clades, is not associated with severe obesity in French Caucasians. Such a
study design exemplifies the strategy needed to clearly define the contribution of the ACE gene to the
plethora of complex genetic diseases where weak associations have been previously reported.
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Introduction
Obesity has become a major public health issue globally

and has significantly contributed to increasing morbidity

and mortality owing to type II diabetes and cardiovascular

diseases such as hypertension, coronary artery disease, and
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congestive heart failure.1,2 Although the modern ‘obeso-

genic’ environment has a strong influence, there is

compelling evidence for genetic susceptibility to common

polygenic obesity and even more for the metabolic and

vascular complications of obesity.3 In this regard, genetic

variation in genes expressed in adipose tissue contributes

to an increased risk of obesity-associated type II diabetes.4–6

In fact, the adipocyte is now seen as a potent autocrine and

endocrine cell secreting many bioactive peptides, including

angiotensin II.7

The renin–angiotensin system (RAS) is a master regula-

tory system in human physiology. It synchronizes blood

volume, arterial pressure, and cardiac and vascular func-

tion. Angiotensin-converting enzyme (ACE), which cata-

lyses the formation of the bioactive peptide angiotensin II

from angiotensin I, plays an integral part in cardiovascular

homeostasis owing to its key role in the RAS.8 ACE and the

RAS are known to be involved in adipocyte growth and

metabolism.9,10 Furthermore, recent studies have demon-

strated that angiotensin II inhibits adipocyte differentia-

tion and promotes myocytic lipid deposition.11

Conversely, inhibiting the RAS reverses these effects12

and RAS blockers, in particular ACE inhibitors, have been

shown to protect hypertensive subjects from the develop-

ment of type II diabetes.13 Moreover, angiotensin (AT1)

receptor blockers activate PPAR-gamma activity14 and

adiponectin secretion,15 and these effects may explain

their beneficial effect on insulin resistance. As adipose

expansion is tightly correlated with deleterious features of

the metabolic syndrome such as hypertension, the RAS and

ACE could be involved in both the development of obesity

and in the metabolic and vascular changes associated with

this condition.16

Variation of the plasma concentration of ACE is one of

the most well known examples of causative genetic

variation within a locus and has been extensively studied

owing to its vital physiological role. Associations have been

proposed with various cardiac phenotypes17,18 as well as

Alzheimer’s disease19 and extreme physical endurance.20

Initially, the Alu repeat insertion/deletion (I/D) poly-

morphism of intron 16 was investigated, but further

single-nucleotide polymorphism (SNP) analysis was hin-

dered by the extensive linkage disequilibrium (LD) within

the region.21,22 Therefore, a cladistic analytical strategy

using haplotypic information as well as genotypes has been

developed that utilises the ancestral recombination event

that occurred within the gene and coalesces the variants

into major clades.23,24

Two studies have recently proposed a direct association

between obesity and polymorphisms within the ACE gene.

Firstly, in an Italian longitudinal prospective cardiac out-

come study, the D/D allele of the I/D polymorphism was

associated with larger increases in weight gain in aging

males, and showed higher incidence in those that were

overweight.25 Secondly, in a Swedish study utilising SNPs

and cladistic analysis, an association was found with

obesity phenotypes in a cohort ascertained for various risk

factors for myocardial infarction.26 Although both these

studies were enriched for subjects with increased weight

owing to their selection criteria, they were not specifically

gathered for the obesity phenotype. The average body

mass index (BMI) of participants in the Italian study was

26.9 kg/m2 with a comparison made in 21 and 47% of the

individuals who were defined as abdominally obese or

overweight, respectively and range of BMI was 18.8–37kg/m2,

therefore including no individuals who would qualify as

morbidly obese. In the Swedish study, the mean BMI of

cases (7standard deviation) was 26.5 (70.16) and 26.8

(70.34) kg/m2 in men and women, respectively.

In a genome scan that we performed previously in a

population of severely obese French Caucasians, one

suggestive linkage was found at chromosome 17q23.3–

q25.1, with a maximal LOD score of 3.16 at 90.63 cM.27

The microsatellite marker D17S944 from that study was

located closest to the peak of linkage. The ACE gene is

situated within this peak region and is approximately

118 kbp telomeric of D17S944, thus making it an excellent

positional and biological candidate for severe obesity.

This present study has been performed in phenotypically

extreme cases (adult cases mean BMI¼45.4 kg/m2, child

cases ZBMI 497th percentile) in order to strengthen the

genetic component of the trait and to specifically focus on

obesity and not other elements of the metabolic syndrome.

As ACE has been extensively studied in European popula-

tions, including French Caucasians,21 seven SNPs were

selected for the analysis (Figure 1), to include those

proposed as being responsible for variation in ACE levels

(rs4459609, rs4291, rs4343, and rs4363) as well as spanning

the gene and enabling the known clades to be inferred.28–30

The I/D polymorphism was also analysed as this variant was

used in the study of Italian subjects.25

Methods
Subjects

Subjects were all French Caucasians and were recruited

using a multimedia campaign run by the Centre National

de la Recherche Scientifique in collaboration with the

Department of Nutrition of the Paris Hôtel-Dieu Hospital,

the Institut Pasteur de Lille and in the Department of

Pediatric Endocrinology of Jeanne de Flandres Hospital as

well as the Toulouse Children’s Hospital. For this study, a

cohort of 548 unrelated severely and morbidly obese adults

(average BMI 46.64 kg/m2, 82.0% BMI X40 kg/m2), and

506 unrelated obese children (mean age¼9.96 with a BMI

497th percentile for age and sex) were used giving a total

of 1054 cases. All subjects had been previously screened for

MC4R mutations. In addition, 382 (out of a total of 447)

individuals were genotyped for TDT analysis. These were

from the 109 pedigrees used for the severe obesity genome
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scan that located the suggestive linkage at chromosome

17q23.3–q25.1.27 The remaining 65 subjects had been

already genotyped as they were included as part of the case

group.

A total of 918 nonobese, nondiabetic adult subjects were

utilised as controls for the association study. These

comprised three groups, all being French Caucasians: the

Fleurbaix Laventie Ville Sante (FLVS) study (72 males, 141

females; BMI: mean: 22.15 kg/m2; standard deviation (SD):

1.69; age: mean: 42.22; SD: 4.52;),31 the Haguenau cohort

(174 males, 191 females; BMI: mean: 21.27; SD: 2.00; age:

mean: 23.17; SD: 3.85) were gathered from maternity

registry data for a study investigating the adult outcome of

those born small or appropriate for gestation age gathered

from the north–east of France, with only the latter used

here as controls,32 and the SUVIMAX33 (Supplementation

en Vitamines et Minéraux Antioxidant) study cohort (103

males, 237 females; BMI: mean: 22.08; SD: 1.93; age: mean:

49.25; SD: 6.45) population in which regular weight

measurements were taken so those who had never been

obese during the eight-year course of the study were

chosen. Subject phenotype information is shown in

Supplementary Table S1.

The genetic study was approved by the Ethical Commit-

tee of the Hotel Dieu in Paris and CHRU in Lille.

Phenotyping for BMI was performed as described pre-

viously.34 For children the Z score of their BMI was

calculated (ZBMI) for comparison. Waist-to-Hip ratio

(WHR) was calculated by dividing the circumference at

the waist at the level of the umbilicus by the hip

circumference at the level of the iliac crests.

DNA isolation

Genomic DNA was extracted from peripheral blood cells

using PURE-GENE D50K DNA isolation kits (Gentra

Systems).

Genotyping

The SNPs were genotyped using the Sequenom Mass-

ARRAYs platform as described previously35 (http://www.

sequenom.com). Plates were considered successful if475%

of genotypes could be called and there was no significant

deviation from Hardy–Weinberg equilibrium (P40.05).

Any plate or assay that failed on the Sequenom platform

was genotyped using Taqman assay technology (ABI) using

the 7900HT, as described previously,36 and was required to

pass the same plate success parameters.

The Alu I/D variant was genotyped using the previously

published method of Rigat et al8 scaled down to a 5 ml final
reaction volume. Fragments were run out on a 2% (w/v)

agarose gel with a 100bp ladder (Gibco BRL, UK) to

determine the presence of the 490bp insertion or 190bp

deletion fragments. Each PCR plate was again required to

fulfil the above success parameters. All details of primers

used and reaction details for these methods are available

from the authors.

Statistics

Frequencies were calculated and analysed using the SPSS

statistical package version 12.0.0 (SPSS Inc). The w2 test was

performed, testing all cases against all controls as well as

adult and children separately against the control group.

This was performed using allele and genotype frequencies.

Genotype frequencies were then analysed using dominant

and recessive models. The dominant model compared the

combined group of the heterozygotes and homozygotes for

the rare allele with the homozygotes for the common

allele, and the recessive model compared the homozygote

rare allele group versus the rest. To confirm that there was

no difference between the three groups of controls, allele,

and genotype frequencies for each group were also

compared by the w2 test. Haplotypes were constructed

using all seven SNPs and the I/D polymorphism using the

program PHASE 2.1.37 Those that had missing data for any

of the individual genotypes were removed from this

analysis, giving a total of 1389 individuals. Linkage

disequilibrium was calculated using HaploXT from the

result for all cases and controls and graphically displayed

using the programme GOLD.38

The common clades were inferred using the method of

Katzov et al.26 This involved using the genotypes for

rs1800764 and rs4343 to assign the possible cladotypes A,

B, and C. These are genotypes (for rs1800764 followed by

rs4343) of TA, CG, and TG for the respective clades A, B and

C. Processing the data from these two SNPs with PHASE

v2.1 was used to infer the clades.37 Diploclades, that is, the

Figure 1 Diagram of the ACE gene with exons indicated with black boxes and SNPs and the I/D polymorphism location shown with arrows.
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clades assigned to the two chromosomes for each indivi-

dual, were then assigned based on the determined clades.

Clade and diploclade frequencies were then compared

using the w2 test. Dominant models utilising clade A (the

Alu insertion including clade) versus combinations of the B

and C clades were also tested using the w2 test.

The quantitative traits of BMI, WHR, and ZBMI (the

latter in children only) were then analysed after first being

normalised (assessed by the Kolmogorov–Smirnov test in

SPSS v12.0.0 (SPSS Inc)). Using the clade and diploclade

definitions, these quantitative traits were then compared

by analysis of variance (ANOVA) (using SPSS v12.0) for

total cases versus controls and for groups defined by sex and

age. Separate analysis was performed in the male and

female division of the cohorts for allele and genotype

frequency (Supplementary Table S2), clade analysis by

total, adult and child (Supplementary Table S4), clade by

age X50 years (Supplementary Table S5), quantitative

analysis of BMI by clade (Table 4), and diploclade analysis

(Supplementary Table S6). The genome-scan families were

only analysed for SNP and polymorphism associations with

BMI using the quantitative transmission disequilibrium

test (QTDT).39,40 This was because testing the quantitative

trait was expected to be significantly more powerful than

for the qualitative trait as it would utilise those moderate

overweight individuals in this subset analysis. QTDT

includes exact estimation of P-values for analysis of small

samples and non-normal data. For alleles with a significant

P-value in QTDT, empirical significance levels were calcu-

lated using 1000 Monte-Carlo permutations. The ortho-

gonal model of association was also considered,41 which

allows analysis of families of any size, with or without

parental genotypes. All the QTDT analyses were performed

on the log10-transformed BMI data with sex, age, hyperten-

sion and type II diabetes affection status as covariates,

which generally affect BMI variation significantly.

Results
The genotype frequencies of the three control collections

of French Caucasians were compared and no significant

differences were found; hence the control groups were

pooled for comparison with the cases. Adult controls were

used for case–control comparison in both the adult and

child extreme obesity cohorts because these are superior to

matched age group controls as they have received longer

environmental exposure, but remain non-obese. Although

age cohort effects can be postulated, no significant

difference was found between any of the adult and child

allele frequencies (Po0.05, data not shown). Duplicate

samples from one representative repeated sample batch

(301 samples) were found to have a 0.66% discordant call

rate, which is similar to that expected of high-quality

genotyping under ideal conditions of B1%.42 Allele and

genotype numbers and percentages are displayed in Table 1.

Case–control analysis was performed between the total

case group as well as the separate child and adult groupings

compared to the control group. No significant results were

obtained for allele frequency. For genotype frequencies the

only significant individual P-value was obtained for the I/D

genotype in males only (P¼0.02, data not shown for sex-

split). For haplotype analysis, a total of 54 haplotypes were

inferred by PHASE 2.1 with four having a frequency above

5%. These showed no significant variation when compared

between cases and controls (Table 2), adults and controls,

or children and controls (data not shown). The two most

frequent haplotypes were completely divergent, carrying a

different allele at each variant site. The linkage disequili-

brium of these variants was visualised using the GOLD

software (Supplementary Figure S1) using the r2 statistic

and is consistent with previous observations of an ancestral

recombination event between SNPs rs4291 and rs4309 with

two blocks of strong LD either side of this breakpoint.23 We

additionally inferred haplotypes with PHASE 2.1 for these

two separate regions of strong LD (the first three and later

four SNPs plus the ID variant). No significant differences in

haplotype frequencies for total, adult or child versus

control groups were found for either block (data not

shown).

Cladistic analysis revealed no significant difference

between total cases and controls, or when split into adult

and child groupings (Table 3). Quantitative BMI analysis

showed no significant difference either between mean BMI

for total cases (Table 4) or when divided by sex (data not

shown). Diploclade analysis was not significant for fre-

quencies between total cases and controls (Table 5) or for

any dominant model of the insertion containing clade A

versus clades B and C combined (data not shown). Analysis

after division by sex and between child and adult groups

revealed one significant result for the subset of male

children versus controls for the AA diplocladotype

(P¼0.024, data not shown). No differences were found if

the groups were subdivided on the basis of age X50 years

for the total group or for male or female subsets (data not

shown). Quantitative results for diploclades are shown in

Table 6. Diploclade was shown not to influence mean BMI

values within the case group nor within the controls.

WHR was not statistically significantly associated in total

cases, or in male- or female- only cases (data not shown).

The ZBMI score within the affected children was also

not associated with the diploclades, even when subdivided

by sex (data not shown). Because of the intentionally

low variance in the control samples, normalisation of

these data was not possible; however, analysis of the

unmodified data returned no significant P-values (data not

shown).

Analysis of the genome scan families using the QTDT

showed nominal association (P¼0.034) of BMI with

rs4309, but this failed to achieve the empirical threshold
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for global significance of P¼0.008 (1000 Monte–Carlo

permutations) (Supplementary Table S7).

Discussion
The main result of the present study, using the latest

available data on ACE functional SNPs, is the absence of

any kind of replication of association with obesity

phenotypes previously described in other European co-

horts. In order to achieve this result, a study strategy was

implemented based upon the most rigorous approach to

evaluating the contribution of ACE variants to complex,

polygenic obesity. The most extreme phenotype was used,

that is, severe morbid obesity, to enrich for possible genetic

effects, together with a large number of samples. SNPs were

chosen for genotyping using information from both the

published literature and the public databases to ensure

Table 1 SNP case–control analysis for obesity

Genotype numbers (%)

SNP Subject group Genotyping % HWE P value 11 12 22 Allele P value Genotype P value

rs4459609 (1¼A, 2¼C) Controls 91 0.344 296 (34.9) 402 (47.5) 149 (17.6)
Adults 93.7 0.988 175 (33.6) 252 (48.5) 93 (17.9) 0.690 0.869
Children 95.7 0.866 163 (34.1) 238 (49.7) 77 (16.1) 0.934 0.670

rs1800764 (1¼ T, 2¼C) Controls 94.9 0.95 238 (27.3) 429 (49.3) 203 (23.3)
Adults 94.4 0.735 137 (26.1) 252 (48.2) 134 (25.6) 0.275 0.599
Children 93.5 1 124 (26.4) 236 (50.4) 108 (23.1) 0.871 0.919

rs4291 (1¼A, 2¼ T) Controls 95 0.132 316 (36.1) 412 (47.1) 146 (16.7)
Adults 79.5 0.845 158 (35.8) 217 (49.2) 66 (14.9) 0.736 0.668
Children 95.9 0.95 172 (35.8) 234 (48.8) 74 (15.4) 0.806 0.781

rs4309 (1¼C, 2¼ T) Controls 94.6 0.251 330 (38.0) 393 (45.3) 144 (16.6)
Adults 93.4 0.973 204 (39.3) 240 (46.3) 74 (14.3) 0.333 0.526
Children 93.9 0.528 175 (37.3) 216 (46.1) 78 (16.6) 0.868 0.961

I/D (D¼ 1, I¼2) Controls 85.8 0.995 288 (36.5) 381 (48.4) 118 (15.0)
Adult 88.9 0.257 194 (39.4) 216 (43.9) 82 (16.7) 0.745 0.276
Children 90.9 0.37 161 (35.5) 208 (45.9) 84 (18.5) 0.269 0.261

rs4343 (G¼1, A¼2) Controls 95 0.971 283 (32.6) 428 (49.3) 157 (18.1)
Adult 93.9 0.888 179 (34.3) 248 (47.6) 94 (18.0) 0.621 0.759
Children 96.1 0.996 149 (31.1) 238 (49.7) 92 (19.2) 0.570 0.805

rs4363 (G¼1, A¼2) Controls 90 0.145 270 (32.6) 389 (47.1) 167 (20.2)
Adult 89.8 0.538 175 (35.1) 230 (46.2) 93 (18.7) 0.306 0.583
Children 91.5 0.662 151 (33.0) 217 (47.5) 89 (19.5) 0.803 0.950

rs9896208 (1¼C, 2¼ T) Controls 90.4 1 271 (32.6) 410 (49.3) 150 (18.1)
Adult 90.7 0.993 157 (31.2) 247 (49.1) 99 (19.7) 0.437 0.700
Children 94.7 0.625 158 (33.4) 222 (47.0) 92 (19.5) 0.869 0.693

For the genotypes, frequent allele homozygotes¼11, heterozygotes¼12, and rare allele homozygotes¼22. These frequencies were compared using
the w2 test for allele frequency and codominant genotype models. Dominant and recessive models were also nonsignificant (data not shown).
Genotyping success percentage (%) and Hardy–Weinberg equilibrium (HWE) P-values also given.

Table 2 Haplotype analysis

Haplotype
Number of cases

(%)
Number of controls

(%) P-value

11122221 484 (32.4) 412 (32.0) 0.639
22211112 427 (28.6) 358 (27.9) 0.400
22211111 117 (7.8) 105 (8.2) 0.637
11111111 76 (5.1) 69 (5.4) 0.464
Rare (o5%) 389 (26.1) 341 (26.5) N/A

Comparison of the frequencies of the four common (45% haplotype
frequency) haplotypes for combined cases and controls. No significant
result was obtained when the cases were split into adults and children
(data not shown). P-value is displayed for the 2�2 w2 test of one
haplotype versus the rest.

Table 3 Cladistic analysis

Clade Number of cases (%) Number of controls (%) P-value

A 845 (43.1) 726 (43.0) 0.946
B 886 (45.2) 763 (45.1) 0.947
C 229 (11.7) 201 (11.9) 0.837

Comparison of numbers of cases and controls for each clade versus the
others using a 2�2 w2 test. Analysis of the two adult and child sets of
cases separately versus controls was also non-significant (data not
shown).
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analysis of well-established known functional ACE

variants. Statistical analysis included a comprehensive

examination of frequency differences between cases and

controls using alleles, genotypes, haplotypes, diplotypes,

cladotypes, and diplocladotypes. We believe that this

approach has conclusively ruled out any genetic associa-

tion of ACE variants with obesity in French Caucasians

and exemplifies the meticulous approach that must be

taken in examining any gene for a role in a complex

genetic disease.

With respect to the previously published associations, in

contrast to the ID polymorphism finding from the Italian

population,25 we found the I/I genotype to be more, not

less, prevalent in the case group, although this was not

significant after adjustment for multiple testing. We found

no differences for SNPs rs4343 or rs1800764 for BMI

between any case and control grouping, in contrast to

the earlier finding reported in a subset of Swedish male

patients.26 In the diploclade analysis, the only significant

P-value result was for the AA diplocladotype in male

children, which was not significant if any correction for

multiple testing was made. This association in children is

also opposite to that reported by the Italian I/D study,

which found an age effect in the deletion carrying

individuals, as the diploclade AA represents homozygosity

for the insertion carrying allele. No quantitative differences

were found in children for ZBMI in relation to the AA

diploclades, either overall or for male children only. No

differences were found for any of the quantitative measures

of obesity such as BMI and WHR in the adult groups or

ZBMI in the affected children for either clade or diploclade.

Overall, this French Caucasian severe obesity study found

no statistically significant association between genetic

markers and qualitative or quantitative obesity traits when

divided up by sex and/or age groupings after any modest

correction for multiple testing.

The possible reasons for the discrepancy between our

study and others are many. We estimate that we have 80%

power to detect an effect with a relative risk as low as 1.26

for the deletion polymorphism homozygote (nominal

significance of Po0.05), which was found to have a

relative risk of 2.34 in the Italian study.43 These power

calculations, however, depend on 100% genotyping suc-

cess rate. With an approximate success rate of 90%, the

power would decrease to 76%. This would also be sufficient

to detect such low relative risk gene variants as the recently

described (and replicated) type II diabetes susceptibility

gene TCF7L2, with a relative risk value of 1.45.44

Undetected stratification is unlikely after extensive statis-

tical analysis of these samples in previous studies.

Although we used two case cohorts (adults and children)

and three control cohorts, we were unable to detect any

evidence of differences in allele frequencies that may

reflect stratification. Conflicting genetic results can also

occur when there are subtle SNP frequency differences

between populations or when functional SNPs differ

among human populations. No significant difference was

found between the control frequencies for the ID poly-

morphism in the Italian report and this study’s French

Table 4 Quantitative analysis of BMI by clade for all adult
cases and subdivided by sex

Mean case BMI (7SD)

Clade Total Males Females

A 45.63 (77.87) 46.93 (79.11) 45.29 (77.40)
B 45.37 (77.87) 45.65 (77.47) 45.29 (77.59)
C 44.89 (78.44) 47.10 (710.99) 44.20 (77.40)
Total 45.43 (77.79) 46.32 (78.60) 45.17 (77.52)
P-value 0.585 0.625 0.397

P-value is displayed for ANOVA test on normalised BMI.

Table 5 Diplocladistic analysis

Diploclade Number of cases (%) Number of controls (%) P-value

AA 187 (19.2) 152 (18.0) 0.546
AB 380 (38.8) 335 (39.6) 0.7
AC 93 (9.5) 88 (10.4) 0.53
BB 201 (20.5) 168 (19.9) 0.726
BC 102 (10.3) 90 (10.7) 0.813
CC 17 (1.7) 12 (1.4) 0.707

Diploclades for each individual were analysed using a 2�2 w2 test for
diploclade versus all other diploclades.

Table 6 Quantitative trait analysis by diploclades in adult and child cases

Diploclades Average BMIa adult cases 7SD Average ZBMIa child cases 7SD Average WHRa adult cases 7SD

AA 46.40 8.3 4.350 1.288 0.950 0.124
AB 44.70 6.8 4.597 1.174 0.954 0.117
AC 46.03 9.9 4.495 1.169 0.947 0.109
BB 46.25 8.1 4.377 1.198 0.962 0.137
BC 43.68 7.3 4.557 1.338 0.922 0.087
CC 45.12 5.8 5.464 2.053 0.925 0.097
P-value 0.235 0.269 0.794

BMI analysis for adults and ZBMI analysis for children, and WHR analysis in adult cases only. P-value is displayed for ANOVA for normalised values.
aBMI¼body mass index; WHR¼waist-to-hip ratio.
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sample. Differences were found with the comparison for

SNP and diploclade frequencies with the Swedish controls;

however, it is likely that the French and Italian populations

are more similar, as there are well-known examples of

geographical variations in allele frequencies within Europe,

for example, the delta-32 CCR5 polymorphism.45

In addition, there is the often-neglected issue of the

careful ascertainment of cases, especially when ‘easy’

phenotypes such as weight and height are available in

most human cohorts recruited for any kind of medical

research. Given the current strong environmental pressure

for the development of moderate overweight (affecting

almost two-thirds of the US population46), our data

strongly suggest the need to focus on the most extreme

phenotypes (in our case BMI 440 kg/m2, which affects

0.6% of the French population47 compared to 4.7% in the

US46) in order to define the effect of genes on morbid forms

of obesity, that is, those having a large impact on mortality

and morbidity.

ACE is one of the few human genes to have been

submitted to extensive trans-ethnic SNP analysis, elucidat-

ing the ancestral SNP gene structure and identifying most

functional SNPs (ie those that modulate enzyme levels in

the blood). We systematically genotyped the seven SNPs

plus the I/D variant, ensuring that those SNPs most

convincingly reported to be functional were included.28–30

Thus, we maximised our chances of detecting an

association between a known functional ACE variant and

obesity. It is possible that the association of ACE variants

with adiposity found in cohorts recruited for cardio-

vascular outcomes, and not for obesity, reflects a potential

influence of ACE SNPs on the complications of overweight

rather than on obesity per se.

Obesity is a very heterogeneous condition with major

environmental influence. In this respect, it is likely that for

a large proportion of humans with moderate fat excess,

obesity is not a disease (eg a consequence of a primary

biological disturbance at the level of the individual), but

rather a physiological condition due to environmental

‘obesogenic’ pressure affecting the entire population. This

study does not rule out the possibility that the overweight

state, rather than morbid obesity, may interact with ACE to

promote disease development, as recently shown for

adiponectin/ACDC gene SNPs5 but it is clear that ACE

does not play any role in well-defined clinical obesity or

obesity-associated traits in French Caucasian subjects.

Rigorous, large-scale study of common functionally

relevant sequence variation in the ACE gene defined at

the level of SNPs, haplotypes, or clades provides strong

evidence that this gene is unlikely to contribute to the risk

for severe obesity in a European population. In published

genetic studies, there is a recognised inflated type 1 error

because the trend is to report only significant findings,

where significant does not necessarily mean true findings.

Reporting negative results is also important because this

will help other research groups to improve/refine their

study design and the definition of phenotypic criteria. It

will also make future meta-analysis more likely to give a

true result. In this respect, our well-defined study design

exemplifies the strategy needed to clearly define the

contribution of important genes, and the ACE gene in

particular, to the whole range of complex genetic diseases

and traits.
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