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Hegele, Robert A., and Rebecca L. Pollex. Genetic and physio-
logical insights into the metabolic syndrome. Am J Physiol Regul
Integr Comp Physiol 289: R663-R669, 2005. First published May 12,
2005; doi:10.1152/ajpregu.00275.2005.—The metabolic syndrome
(MetS) is a common phenotype that is clinically defined by threshold
values applied to measures of central obesity, dysglycemia, dyslipi-
demia, and/or elevated blood pressure, which must be present con-
currently in any one of a variety of combinations. Insulin resistance,
although not a defining component of the MetS, is nonetheless
considered to be a core feature. MetS is important because it is rapidly
growing in prevalence and is strongly related to the development of
cardiovascular disease. To define etiology, pathogenesis and expres-
sion of MetS, we have studied patients, specifically Canadian families
and communities. One example is familial partial lipodystrophy
(FPLD), a rare monogenic form of insulin resistance caused by
mutations in either LMNA, encoding nuclear lamin A/C (subtype
FPLD?2), or in PPARG, encoding peroxisomal proliferator-activated
receptor-y (subtype FPLD3). Because it evolves slowly and recapit-
ulates key clinical and biochemical attributes, FPLD seems to be a
useful monogenic model of MetS. A second example is the disparate
MetS prevalence between two Canadian aboriginal groups that is
mirrored by disparate prevalence of diabetes and cardiovascular
disease. Careful phenotypic evaluation of such special cases of human
MetS by using a wide range of diagnostic methods, an approach called
“phenomics,” may help uncover early presymptomatic disease
biomarkers, which in turn might reveal new pathways and targets for
interventions for MetS, diabetes, and atherosclerosis.

dyslipidemia; insulin resistance; cardiovascular disease; Canadian
aboriginals; genetics

THE METABOLIC SYNDROME (MetS) is a commonly occurring
cluster of phenotypes that are strongly related to cardiovascular
disease. MetS is characterized by disturbed carbohydrate and
insulin metabolism and is clinically defined by threshold values
applied to indexes of central obesity, dysglycemia, dyslipide-
mia, and/or elevated blood pressure, which must be present
concurrently in any one of a variety of combinations (11).
Definitions for the MetS have been proposed by the World
Health Organization (WHO) (3) and the National Cholesterol
Education Program (NCEP) Expert Panel (11). The presence of
the MetS according to the NCEP definition is prospectively
associated with the development of type 2 diabetes (35) and
both all-cause and cardiovascular mortality (36). Atheroscle-
rosis susceptibility in the MetS is likely related to multiple
biochemical and metabolic disturbances (30, 33, 35-37, 56, 57).

MetS is considered to result from the interaction of environ-
mental factors, such as caloric excess and physical inactivity,
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with genetic susceptibility factors (22, 37, 47). The resistance
of such tissues as skeletal muscle, fat, and liver to insulin,
while not a defining component of the MetS, is nonetheless
considered to be a core feature. Indeed, the terms “MetS” and
“insulin resistance syndrome” are often used interchangeably.
Study of monogenic insulin resistance syndromes might help to
understand the common MetS, just as the study of patients with
familial hypercholesterolemia (FH) (9) helped improve under-
standing of cholesterol metabolism, leading ultimately to de-
velopment of statin drugs, which have profoundly affected
clinical cardiology. In this article, we present two examples of
how the study of specific presentations of the MetS in Cana-
dian kindreds and communities has revealed certain features
that may be relevant to common MetS. These patients provide
an opportunity to systematically search for early presymptom-
atic phenotypes or biomarkers of cardiovascular risk in muta-
tion carriers by using an approach that has been called “phe-
nomics” (13, 16, 23, 49).

EXAMPLE 1: PARTIAL LIPODYSTROPHY SYNDROMES (FPLD2
AND FPLD3)

History and definition of FPLD. Lipodystrophy is character-
ized by loss of fat stores in some anatomical sites, with excess
accumulation of fat in nondystrophic adipose tissue and such
sites as liver and muscle (14). Lipodystrophies can be genetic
or acquired. The most rapidly growing type of lipodystrophy
seen clinically is the one associated with the use of highly
active antiretroviral treatment (HAART) (5). Among inherited
lipodystrophies, some have been characterized at the molecular
genetic level, including the Berardinelli-Seip form of general-
ized lipodystrophy and the Dunnigan-type familial partial lipo-
dystrophy (FPLD) (20). Of these, FPLD, which may affect
~1:100,000 individuals of Northern European descent,
evolves more slowly and may provide a better model reflecting
the metabolic evolution of MetS.

Kobberling and Dunnigan (32) described patients who were
normal at birth but who during puberty lost subcutaneous fat
from extremities and the gluteal region, resulting in prominent,
well-defined musculature, together with excess fat deposition
within the face and neck, axillae, back, and intra-abdominally.
Imaging studies showed absence of subcutaneous fat but pres-
ervation of inter- and intramuscular, intra-abdominal, intratho-
racic, and bone marrow fat (15). The hallmark of FPLD is
insulin resistance. Type 2 diabetes presents later in adulthood.

The costs of publication of this article were defrayed in part by the payment
of page charges. The article must therefore be hereby marked “advertisement”
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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Dyslipidemia and hypertension are common, but acanthosis
nigricans, hirsutism, and polycystic ovaries are variable. The
FPLD locus was mapped to chromosome 1q21 (42), and
candidate gene sequencing of Canadian FPLD subjects identi-
fied a mutation in LMNA encoding the nuclear envelope protein
lamin A/C (10), a finding confirmed by others (50, 51). At
present, the mechanisms by which LMNA mutations cause
disease are incompletely defined, and speculation exceeds the
scope of this review [see Mounkes et al. (39)].

FPLD?2 phenomics: evaluation of intermediate quantitative
traits. Identification of carriers of mutant LMNA in FPLD2
before the onset of type 2 diabetes and the concomitant gross
distortion of metabolic variables allowed us to evaluate
whether at-risk carriers had any early biochemical changes
(28). We studied 35 nondiabetic adult FPLD2 subjects with
either the LMNA R482Q or R482W missense mutations and 51
matched normal first-degree relatives, who were also matched
for glucose and glycated hemoglobin. We found that, com-
pared with normal controls, LMNA mutation carriers had sig-
nificantly higher plasma concentrations of insulin, triglycerides
(TG), nonesterified free fatty acids (FFA), and C-reactive
protein (CRP), together with significantly lower plasma high-
density lipoprotein (HDL) cholesterol, leptin, and adiponectin
(28). Furthermore, these differences were more pronounced
in women. Resistin, fibrinogen, and plasminogen activator
inhibitor-1 were not different between the groups. The charac-
teristic biochemical abnormalities were present long before
diabetes developed, because diabetic LMNA mutation carriers
in these families were ~10 yr older than nondiabetic carriers
(25, 28). This indicates that a characteristic cluster of biochem-
ical abnormalities in carriers antedates the decompensation of
glycemia.

To confirm the clinical impression of increased atheroscle-
rosis risk in FPLD2, subjects >35 yr were stratified by geno-
type for a LMNA codon 482 missense mutation (24). LMNA
mutation carriers had significantly more type 2 diabetes, hy-
pertension, and dyslipidemia than did normal family control
subjects (24). Eight LMNA mutation carriers had suffered from
coronary heart disease (CHD) end points compared with one
normal control [odds ratio 5.9, 95% confidence interval (CI)
1.2 to 30.2]. Among female LMNA mutation carriers, 28.6% (4
of 14) had been hospitalized between ages 35 and 54 yr for
coronary arterial bypass graft surgery (CABG) (24). In con-
trast, data from the general Canadian population indicated that
only 0.014% of women had been hospitalized between ages 35
and 54 yr for CABG (24). Thus female LMNA mutation
carriers of ages 35 to 54 yr had a hospitalization rate for CABG
that was several orders of magnitude higher than that of the
general Canadian population. Importantly, all LMNA mutation
carriers with CHD also had type 2 diabetes, suggesting that
development of clinical end points required the presence of
diabetes.

FPLD3: a subtype of partial lipodystrophy due to mutation
in PPARG. Whereas mutations in LMNA have been found in
~50% of families with FPLD, a substantial number of indi-
viduals referred with this phenotype had no mutation in the
LMNA coding region, intron-exon boundaries, promoter, or 5'-
and 3'-untranslated regions, implying genetic heterogeneity.
PPARG encodes peroxisome proliferator-activated receptor-y
(PPAR-v), a nuclear receptor that induces transcription of
genes involved in insulin sensitivity, adipocyte differentiation,

INSIGHTS INTO THE METABOLIC SYNDROME

and inflammation (52). PPAR-y mediates the pharmacological
enhancement of insulin signaling by thiazolidinedione (TZD)
drugs (52), which have earned an established place in the
management of insulin resistance and type 2 diabetes. Because
PPAR-v has an important role in adipocyte biology, PPARG
was a good candidate gene to analyze in lipodystrophic sub-
jects with normal LMNA sequence.

In a three-generation Canadian kindred with partial lipodys-
trophy and a normal LMNA sequence, we found heterozygotes
for the PPARG F388L mutation (26), which was absent from
normal alleles and cosegregated with the disease. The in vitro
transcriptional activity of the mutant receptor was three times
lower than that of wild-type receptor, but transcriptional activ-
ities were similar with a saturating amount of the TZD rosigli-
tazone (26). Dose-response curves showed that F388L had
reduced affinity for ligands. The F388L mutation altered a
highly conserved residue but had neither reduced protein ex-
pression nor dominant negative activity against the wild-type
receptor (26). Because the PPAR-y agonist TZD drugs are
widely used to treat insulin-resistant patients, the demonstra-
tion that PPAR-y deficiency causes insulin resistance under-
scores the importance of the gene product in the MetS.

Earlier studies indicated that germline PPARG mutations did
not cause lipodystrophy (6, 40). Later reevaluation of some
subjects with PPARG mutations confirmed the findings from
the F388L kindred that PPARG mutations also caused lipodys-
trophy (48). Furthermore, heterozygosity for PPARG R425C
was found in a single patient who was ascertained on the basis
of a clinical diagnosis of partial lipodystrophy (1). We also
reported a Dutch FPLD3 kindred with a —14A—G mutation
within the promoter of the y4 isoform that was associated with
decreased expression and no qualitative protein abnormalities
(2). These findings together indicated that mutations resulting
in PPAR-vy deficiency cause partial lipodystrophy. An unre-
solved issue is whether the metabolic abnormalities follow
primarily from the adipose loss or whether the PPARG muta-
tions themselves have other independent effects in various
target tissues (29). One clue may come from careful evaluation
of phenotypic distinctions between partial lipodystrophy due to
mutant PPARG and that due to mutant LMNA.

Phenomics: comparison of FPLD2 and FPLD3 subtypes.
Our data are consistent with genuine clinical and biochemical
differences between FPLD2 and FPLD3 subtypes (2, 21).
Specifically, there were no limb or gluteal fat stores in FPLD2
subjects, whereas FPLD3 subjects had some upper arm and
gluteal fat. The age of diabetes onset was ~10 yr sooner in
FPLD3 compared with FPLD2. Hypertension was particularly
severe in FPLD3. Systemic signs of insulin resistance, such as
acanthosis nigricans, hepatic steatosis, and polycystic ovarian
disease, were more severe in FPLD3. FPLD2 was associated
with early CHD, whereas among the PPARG mutations, only
F388L was clearly associated with CHD (26). Dyslipidemia
was common among subjects with both FPLD2 and FPLD3.
However, mean insulin concentrations were increased to a
greater degree in FPLD3 than in FPLD2, consistent with more
severe insulin resistance in FPLD3. Concentrations of FFA and
CRP, where measured, were similarly increased with both
partial lipodystrophy types. Concentrations of leptin and adi-
ponectin were depressed in both partial lipodystrophy types,
with quite marked depression in subjects with the PPARG
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P467L mutation. There was less responsiveness to TZDs in
FPLD3 subjects (21).

Thus, compared with FPLD2, FPLD3 is associated with [)
less extensive adipose tissue loss, 2) more severe biochemical
and clinical signs of insulin resistance, 3) more severe hyper-
tension, and 4) earlier onset of type 2 diabetes. Early athero-
sclerosis was clearly seen in women with FPLD2 compared
with those with FPLD3, although numbers of reported patients
are small for the latter partial lipodystrophy type. The clinical
and biochemical abnormalities in subjects with FPLD3 appear
to be out of proportion to the extent of lipodystrophy when
compared with subjects with FPLD2, implying that PPARG
mutations may have additional and independent effects on
metabolism (29).

Reconstructing metabolic progression in FPLD. Using the
accumulated clinical experience and genetic insights from the
FPLD kindreds, we have been able to define a pattern of
disease evolution with parallel treatment strategies for each
disease stage. Figure 1 schematically shows the temporal
progression of the clinical and biochemical features seen
among patients with FPLD2, but the pattern is similar for
FPLD3. The germline mutation is present at birth. Clinically,
the first manifestation in early adolescence is fat redistribution.
Although no treatment is accepted for this early stage, future
treatments might be directed toward impeding adipose tissue
loss, stimulating regrowth, or replacing lost tissue.

Midstage disease has a characteristic biochemical profile,
including elevated plasma concentrations of FFA, insulin and
C-peptide, TG, and CRP, with depressed plasma concentra-
tions of HDL cholesterol, leptin, and adiponectin. Physical
signs of insulin resistance, such as acanthosis nigricans, fatty
liver, and polycystic ovaries, appear. Hypertension emerges as
a problem. Treatment now focuses on vascular disease preven-
tion, with control of hypertension and dyslipidemia. Future

mutation 53¢ |oss

— blood
profile

TFFA, finsulin/C-peptide
dyslipidemia (17G, vHDL)
TCRP, *Ieptin, *adiponectin

— hypertension
- type 2 diabetes
. —> atherosclerosis

>

time

Fig. 1. An example of phenomic evaluation in familial partial lipodystrophy
(FPLD) is shown. The schematic shows the temporal progression of clinical
and biochemical features in FPLD2, but a similar pattern applies for FPLD3.
The abscissa refers to passage of time moving from left to right. The germline
LMNA mutation is present at birth. Clinically, the first manifestation is
redistribution of fat in early adolescence, which most investigators agree is the
triggering event. In young adulthood, the biochemical profile seen in FPLD2
includes elevated plasma concentrations of free fatty acids (FFA), insulin and
C-peptide, triglycerides (TG), and C-reactive protein (CRP), with depressed
plasma concentrations of high-density lipoprotein (HDL) cholesterol, leptin,
and adiponectin. Hypertension usually presents next, later in adulthood, fol-
lowed by diabetes that causes profound changes in the quantitative traits.
Premature atherosclerosis is a feature of FPLD2, although almost all subjects
with cardiovascular end points had developed type 2 diabetes, suggesting that
this is necessary for expression of vascular disease. Examination of plasma of
prediabetic carriers may reveal additional biochemical abnormalities associ-
ated with the insulin-resistant atherosclerosis susceptible state.

R665

treatments may include preemptive use of insulin sensitizers
and/or leptin with or without adiponectin.

Late-stage disease is characterized by development of dia-
betes, which causes profound metabolic changes. Treatment at
this stage is focused on intensive control of glycemia, dyslip-
idemia, and hypertension to prevent complications. Future
treatments may include leptin with or without adiponectin.

Final stage disease is characterized by the development of
diabetic macro- and microvascular complications. Premature
atherosclerosis is a feature of patients with FPLD2 (26),
although most subjects with CHD were diabetic, suggesting
that diabetes is necessary for expression of vascular disease.
Therapies include stabilization of metabolic variables, pallia-
tion, and secondary prevention of vascular disease.

Based on this construction of disease evolution, there are
some theoretical therapeutic options in treatment of partial
lipodystrophy. Treatments might come from among new
agents under development, including new selective agonists for
PPAR-v, -a, and -8, dual ligands for PPAR-a and -y, and
target gene-selective PPAR receptor modulators (SPPARMs)
that might selectively affect adipose differentiation and viabil-
ity (38) in subjects with FPLD2 and possibly even FPLD3.
Newer drugs for dyslipidemia (7) also might be appropriate for
managing hypertriglyceridemia, prophylaxis of pancreatitis,
and secondary prevention of vascular disease in partial lipo-
dystrophy. Finally, leptin administration over a relatively short
period has been shown to improve the metabolic disturbances
in FPLD (41).

FPLD: a helpful model for MetS. There are several reasons
why partial lipodystrophy resulting from mutations in either
LMNA (FPLD2) or PPARG (FPLD3), among all lipodystro-
phies, may be a superior model of the common MetS in
addition to the lipodystrophy syndrome associated with
HAART. These include the following: /) FPLD is character-
ized by gradual fat redistribution to central depots rather than
outright global fat loss; 2) FPLD is progressive, evolving
relatively slowly by defined stages over years; and 3) FPLD
recapitulates many clinical and biochemical attributes of the
common MetS. Future treatments for maintaining balanced
distribution of adipose stores, improving insulin sensitivity,
improving glycemic control, improving metabolic control, and
reducing micro- and macrovascular complications in partial
lipodystrophy also may find application in management of
MetS, type 2 diabetes, and/or acquired lipodystrophy syn-
dromes.

EXAMPLE 2: METABOLIC SYNDROME IN
ABORIGINAL CANADIANS

Canadian aboriginal populations have been called “popula-
tions in transition,” as the introduction of sedentary activities
and the Western diet impacts their traditional lifestyle. Over
the past few decades, new health issues, such as diabetes (62),
obesity (59), childhood obesity (60), and cardiovascular dis-
ease (4), have emerged in epidemic proportions in many
communities. For instance, based on survey data of Northern
Ontario Oji-Cree from the early 1990s, the combined preva-
lence of type 2 diabetes and impaired glucose tolerance was
~40%, one of the highest in the world (18). Alongside this rise
in diabetes has been a tripling in hospitalizations for coronary
heart disease despite declining trends in the general Canadian
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population (19). The Inuit, on the other hand, have been
considered to be healthier, in terms of diabetes and cardiovas-
cular disease, than the general population (61, 63). Arctic
peoples have a much shorter and less intense history of West-
ern contact and acculturation, which may explain the lower
rates of associated chronic diseases; however, the situation
may easily change. Given the recent identification of MetS as
a new risk factor for type 2 diabetes and cardiovascular
disease, we have taken this opportunity to estimate the preva-
lence of MetS and its individual components in the Keewatin
Inuit and the Oji-Cree of Northern Ontario, two distinctive
populations in terms of cardiovascular disease and diabetes
risk, in hopes of drawing some insight into the characterization
of this phenotype.

Inuit of the Keewatin region. The Inuit in our study were
from a 1989-1991 survey of eight communities in the Keewa-
tin region of Nunavut. According to the standard NCEP ATP
IIT criteria for MetS diagnosis, the Inuit were found to have a
lower prevalence of MetS (13.1%) compared with both resi-
dent Caucasian controls from the Keewatin region (20.8%) and
with Caucasian subjects from a larger contemporaneous Amer-
ican survey (23.8%) (45). Similarly, the prevalence of diabetes
was also markedly lower in the Keewatin Inuit, with only ~2%
diagnosed diabetes cases (Table 1). Not only was the Inuit
prevalence of MetS low, but also a significant portion of the
Inuit was free from meeting the cutoff criteria for any of the
metabolic abnormalities. The low prevalence of MetS was
largely due to the low prevalence of MetS in the male Inuit
population; female Inuit had a significant approximately sev-
enfold increase in MetS prevalence (Table 1). Such a disparity
in MetS prevalence between genders also has been observed in
African Americans and Hispanics (12), although not in Cau-
casian populations, highlighting the importance of both gender
and ethnicity in MetS expression.

We next examined the prevalence of each of the MetS
components and discovered that Inuit had a favorable lipid
profile, specifically lower TGs and higher HDL cholesterol,
despite a trend to an increased prevalence of higher waist
circumference (Table 1) (45). Although genetic factors may
have played a role in the distribution of the MetS components
for the Inuit (55), certainly environmental factors, such as a
diet high in marine-based fats (61), may play an equally strong
role.

Although the lower prevalence of MetS in the Inuit was
consistent with the previous impression of lower cardiovascu-
lar disease and diabetes prevalence, there is no guarantee that

INSIGHTS INTO THE METABOLIC SYNDROME

this population will remain free from the rising tide of MetS.
There is already a high degree of elevated fasting glucose, with
>50% of the population at the 6.1 mmol/l NCEP ATP III
cutoff, hinting at a strong prediabetic susceptibility. If even
one-third of this population develops diabetes, the incidence
rise would be alarming. However, with early identification of
high-risk individuals and culturally appropriate intervention,
we believe that the expected increase in the onset of diabetes
and cardiovascular disease in the Inuit can be reduced.
Oji-Cree of Northern Ontario. Hundreds of kilometers to the
south, the Oji-Cree are nestled in the subarctic boreal forest of
Northern Ontario, still isolated, yet closer to the influence of
the greater Canadian population. Lifestyle changes over just
the past few decades (new high-fat, high-sugar food choices
and modern conveniences requiring less physical exertion)
have ushered in a wave of diabetes into what was once an
almost “diabetes-free” zone (34, 58). As would be expected, in
contrast to the Keewatin Inuit, the prevalence of MetS for the
QOji-Cree was high, with almost 1 of 3 individuals meeting the
NCEP ATP III criteria and only one-fifth of the population
completely free of any MetS component (Table 1) (43). Similar
to the Inuit, the majority of subjects with MetS were females.
The high prevalence of MetS in the female Oji-Cree population
also mirrored the larger numbers of female Oji-Cree with type
2 diabetes. These MetS rates observed for the Oji-Cree, reach-
ing up to ~45% when adults =35 yr of age were considered,
are some of the highest rates in any subpopulation (43).
Increased abdominal obesity and depressed HDL cholesterol
were the most dominant features of MetS for the Oji-Cree,
among females especially, whereas increased blood pressure
was the least prevalent feature (Table 1). Abdominal obesity is
indeed one of the most frequently found MetS components
observed in a number of population studies, irrespective of
ethnicity (8, 12, 31). Questions have been raised regarding the
use of uniform cutoff points for abdominal obesity, drawing to
attention the necessity of ethnic-specific guidelines (46). Some
investigators have already employed modified MetS criteria to
better identify Asian individuals with MetS (53), yet clearly
more investigation is required in this respect. Interestingly,
other components, such as blood pressure, show distinctive
variability between ethnic groups, being dominant features in
African American populations (12) and Korean males (31), yet
quite infrequent in both the Inuit and Oji-Cree populations. Do
these cutoff points, and those for the other MetS components,
have the necessary sensitivity and specificity required to appro-
priately identify those with MetS, given the ethnic variability?

Table 1. Demographics, MetS prevalence, and components of MetS for Inuit and Oji-Cree (=18 yr old)

Inuit Inuit Males Inuit Females Oji-Cree Qji-Cree Males Oji-Cree Females
Number 168 87 81 515 220 295
Gender, %female 48.2 57.3
Age, yr 38.3 (15.5) 37.1 (16.9) 39.7 (14.0) 35.8 (14.5) 35.8 (14.5) 35.7 (14.6)
Diabetes, % 2.04 1.32 2.82 22.0 20.0 23.6
MetS, % 13.1 35 23.57 29.9 24.6 33.9%
Abdominal obesity, % 28.6 10.3 48.27F 57.7 37.3 72.97
High fasting glucose, % 53.6 44.8 63.0% 31.1 30.9 31.2
Hypertriglyceridemia, % 7.1 4.6 9.9 32.8 36.8 29.8
Low HDL-C, % 20.8 12.6 29.6%* 48.0 359 57.07%
High BP, % 11.9 14.9 8.6 10.1 11.4 9.2

Values are means (SD) unless otherwise indicated. MetS, metabolic syndrome; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure. *P < 0.05;

TP < 0.0005 (between genders).
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INSIGHTS INTO THE METABOLIC SYNDROME

Although lifestyle changes, namely, increased caloric intake
and decreased physical activity levels (34, 58), certainly have
had a major impact on the higher prevalence of MetS observed
for the Oji-Cree, underlying genetic factors are also likely
important. In our study of genetic determinants for MetS, we
found that functional polymorphisms in three candidate genes
for plasma lipoproteins and blood pressure (AGT T174M,
GNB3 825C—T, and APOC3 —455T—C) were all signifi-
cantly associated with MetS for female adults (43). A recent
study found similar associations for APOC3 with MetS in a
southern Indian population (17). However, genetic associations
appear to be minor, and susceptibility to MetS appears to be
greater than the sum of susceptibility to the individual parts,
because no association with other genes involved in obesity
and fasting glucose levels was observed.

Part of the elevated risk of type 2 diabetes in the Oji-Cree
population stems from the presence of a genetic susceptibility
allele: a private nonsynonymous mutation (G319S) in HNFIA
encoding hepatic nuclear factor-loe (27, 54). In vitro studies
have shown a decreased transactivation ability for the mutant
transcription factor (54). In a cross-sectional analysis, HNFIA
G319S was present in ~40% of diabetic subjects and had a
strong statistical association with type 2 diabetes, and each
dose of the S319 allele accelerated the age of diabetes onset by
~7 yr (27, 54). Interestingly, in our analysis of type 2 diabetes
risk, we observed that Oji-Cree with MetS (modified to ex-
clude the fasting glucose component) had a diabetes risk
similar to that of HNFIA G319S carriers (odds ratio ~5) (44),
confirming the important role of the MetS phenotype on
diabetes expression. Furthermore, subjects with the inoppor-
tune combination of both the HNFIA S319 allele and modified
MetS had an ~20-fold increased risk for type 2 diabetes (44).

The MetS message from studies in aboriginal Canadians.
Through our studies in two unique aboriginal Canadian groups,
we have observed that MetS prevalence mirrors the prevalence
of diabetes and cardiovascular disease. For the Inuit, the low
prevalence of MetS corresponds to the low prevalence of
diabetes, and likewise the high MetS prevalence for the Oji-
Cree is accompanied by high rates of both diabetes and
cardiovascular disease. Variability was observed in the distri-
bution of MetS components between these groups, with ab-
dominal obesity being the predominant feature of Oji-Cree
subjects, whereas high fasting glucose predominates among the
Inuit. Ethnic-specific criteria for MetS probably will be re-
quired for optimal identification of at-risk individuals, consid-
ering the inherent variability that exists between groups, such
as defining appropriate waist circumference ranges. Finally, it
is clear that both genetic and environmental components,
whose relations may differ between genders, are involved with
MetS. Although modest associations with MetS were found
with a few genes involved in blood pressure and lipid metab-
olism for the Oji-Cree, it is likely that environmental influ-
ences, such as dietary habits, probably play an equal or bigger
role in MetS expression.

In conclusion, these examples of MetS provide some evi-
dence for the potential benefits of careful phenomic assessment
to better understand the components of a complex phenotype
such as MetS, in addition to clarifying temporal relationships
and novel pathways that could be targets for interventions. For
instance, FPLD2 implicates structural abnormalities of the
nuclear envelope as causing insulin resistance, diabetes, and,

R667

ultimately, atherosclerosis (22-25). FPLD3 proves that inher-
ited partial lipodystrophy is clinically and genetically hetero-
geneous, clarifying the metabolic phenotype of PPAR-y-defi-
ciency due to mutant PPARG and confirming the key role of
PPAR-vy in adipogenesis and metabolism. FPLD3 shows less
severe lipodystrophy and more severe insulin resistance, sug-
gesting that additional mechanisms underlie insulin resistance
and metabolic changes beyond those that can be attributed
solely to adipose tissue loss. This further suggests that inter-
vening on the PPARG pathway could have multiple beneficial
effects on metabolic phenotypes and downstream complica-
tions such as atherosclerosis. The metabolic progression for
both FPLD subtypes indicates that disturbances in fat and lipid
metabolism precede the development of carbohydrate distur-
bances, particularly diabetes as a result of the relative break-
down of glycemic control mechanisms.

The examples of Oji-Cree and Inuit highlight population-
specific differences in expression of MetS. Also, the findings
indicate that different thresholds, applied to critical defining
values for key quantitative phenotypes in different populations,
may be required. In both communities, the importance of
environmental factors is underscored. In Oji-Cree, we are
working with the community to stem the tide of MetS and
diabetes by increasing levels of activity and modifying diet to
one that more closely reflects a “traditional diet.” In Inuit, the
full wrath of MetS has not yet struck, and it remains possible
that the complications can be avoided at an early stage with
preventive measures.
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