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Abstract
PAUSOVA, ZDENKA, MICHELE JOMPHE, LOUIS
HOUDE, HELENE VEZINA, SERGEI N. ORLOV,
FRANCIS GOSSARD, DANIEL GAUDET, JOHANNE
TREMBLAY, THEODORE A. KOTCHEN, ALLEN W.
COWLEY, GERARD BOUCHARD, AND PAVEL
HAMET. A genealogical study of essential hypertension
with and without obesity in French Canadians. Obes Res.
2002;10:463–470.
Objectives: To investigate genetic homogeneity in a set of
hypertensive families and in subsets chosen for high and
low prevalence of obesity; and to compare fasting insulin
and lipids, ion transport, and water homeostasis in the obese
and lean families.
Research Methods and Procedures: The study was carried
out in a relative population isolate of the Saguenay/Lac St.
Jean region in Canada. Genetic homogeneity was evaluated
with the mean coefficients of kinship (�) and inbreeding (F)
computed with ascending genealogies. Serum insulin and
lipids were measured after overnight fasting. Total body
water was estimated with bioelectrical impedance. Sodium-
lithium countertransport and sodium-potassium co-transport
were determined in freshly isolated erythrocytes.
Results: F and � were increased in hypertensive families
compared with families selected at random. F and � were
further increased within the subsets of obese and lean fam-
ilies. In addition, fasting insulin, total body water, sodium-
lithium countertransport, and sodium-potassium co-trans-
port were higher in the obese than in the lean families. The

two subsets of families did not differ by fasting lipids.
Discussion: In the Saguenay/Lac St. Jean population, the
degree of genetic homogeneity was increased in families
selected for hypertension, and it was further increased in
subsets of hypertensive families with high and low preva-
lence of obesity. This suggests that hypertension in lean and
obese individuals may represent, at least in part, separate
genetic entities. Some of the extra genes shared in common
within the subsets may contribute to their differences in
body weight, insulin sensitivity, ion transport, and water
homeostasis.

Key words: obesity-associated hypertension, kinship, in-
breeding, ion transport, body water

Introduction
Susceptibility to essential hypertension is in part geneti-

cally determined (1). Heritable traits, such as augmented
activities of ion transporters (2) and increased amount and
central distribution of body fat (3), segregate with elevated
blood pressure in families. These traits are believed to be
intermediate phenotypes in the chain of pathophysiological
events, leading from specific gene mutations to the devel-
opment of the ultimate phenotype of essential hypertension
(4). Different subsets of intermediate phenotypes may be
present in individuals affected by the disease, suggesting
that essential hypertension is a heterogenous group of dis-
orders that develop due to different subsets of pathophysi-
ological mechanisms. In addition, this phenotypic heteroge-
neity may be augmented by genetic heterogeneity, in which
case the same pathophysiological mechanism may be deter-
mined by different genes located on the same or different
chromosomes (5).

The heterogeneity of essential hypertension is negatively
related to the power to identify its susceptibility genes (5).
Thus, in the search for these genes, attempts are made to
reduce disease heterogeneity. This can be achieved by either
selecting subjects with clinically defined subsets of the
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disease or by drawing these subjects from a genetically
isolated population. The basic assumption is that pathophys-
iological mechanisms contributing to the development of
essential hypertension are shared among patients with a
clinically defined subset of the disease and that, in geneti-
cally isolated populations, fewer genes are involved in the
determination of these mechanisms (6).

In this study, we examined genetic hereterogeneity in
hypertensive families with high or low prevalence of obe-
sity (obese and lean families, respectively) selected from a
geographically remote population of French origin living in
the Saguenay/Lac St. Jean (SLSJ) region of the Canadian
province of Quebec (7). The degree of genetic heterogeneity
was evaluated by the coefficients of kinship and inbreeding
computed with the use of ascending genealogies (8,9). We
hypothesized that by selecting families with a high preva-
lence of specific subsets of essential hypertension, such as
those with and without obesity, we could detect clusters of
hypertensive families related to common ancestors charac-
terized by increased kinship and inbreeding. This finding
would attest to a greater share of common genes and thus, to
greater genetic homogeneity existing within the clusters (10).

The genetic component of hypertension in obese and lean
families was also evaluated with the sibling risk ratio (�S).
�S of hypertension is defined as the ratio of the prevalence
of hypertension in sibships to the prevalence of hyperten-
sion in the general population (6). �S provides an estimate
of the strength of an underlying gene effect and the ease to
detect it. �S � 2 is believed to indicate a significant genetic
component (6).

The prevalence of obesity was chosen as a criterion to
select the two subsets of hypertensive families for the fol-
lowing reasons. First, obesity is the leading risk factor for
the development of essential hypertension (11). Second,
hypertension in obese and non-obese individuals differs by
several clinical features and hence, possibly also by a part of
the pathophysiological mechanisms and genes involved in
its pathogenesis. Thus, it has been shown that obese com-
pared with non-obese hypertensive individuals exhibit
higher renal sodium reabsorption, and perhaps in associa-
tion with this functional change, higher total body water
(TBW), plasma volume, and intracellular body water (11–
13). They also demonstrate increased activity of specific
sodium transporters (14,15). The activity of some of these
transporters has been related to insulin or insulin resistance
and the lipid effect on cell membranes (16).

Several lines of evidence suggest that some genetic de-
terminants of obesity-associated hypertension may be spe-
cific to this form of the disease. Thus, significant familial
cross-trait correlations between diastolic blood pressure and
measures of upper-body obesity indicate that genes in-
volved in the regulation of upper-body adiposity may also
be involved in the control of blood pressure (17). Consis-

tent with these findings, obesity has been associated with
an augmented adipose-tissue expression of peptides that
have been demonstrated to play a role in the regulation of
both adiposity and blood pressure (18–20). Genes encod-
ing such peptides as well as genes encoding peptides
involved in their obesity-related regulatory pathways are
believed to be the prime candidate genes of obesity-
associated hypertension.

In this study, we compared fasting serum levels of insu-
lin and lipids, TBW, sodium-lithium countertransport
(Na�/Li� CNT), and sodium-potassium co-transport
(Na�/K� CT) in obese and non-obese hypertensive in-
dividuals originating from obese and lean hypertensive fam-
ilies, respectively.

Research Methods and Procedures
The institutional ethics committee reviewed and ap-

proved this study. All subjects gave their informed consent.
The families analyzed were selected from the geographi-
cally remote population living in the SLSJ region of Quebec
(7). The initial habitation of this region occurred from 1838
to 1911, during which �75% of 28,656 settlers came from
the neighboring Charlevoix region (21). The settling of the
Charlevoix region itself started in 1675. From 1675 to 1850,
599 founders of mostly French descent moved to this region
from the Quebec City area (22). There has been relatively
little migration into the SLSJ region since 1870, and the
population has grown from 5200 in 1852 to 285,000 at
present (23). The prevalence of several recessive disorders,
including cystic fibrosis, tyrosinemia type I, and vitamin
D-dependent rickets, is higher in SLSJ than in other popu-
lations (24). Because of the founder effect, limited allelic
diversity exists among patients with these disorders. For
example, a single homozygous mutation was identified in
80% of patients with hereditary tyrosinemia type I (25), and
only three mutations were found in 94% of patients with
cystic fibrosis (26).

The hypertensive families investigated here were selected
on the basis of having at least two siblings presenting with
early-onset (�55 years) hypertension and dyslipidemia and
without secondary hypertension, body mass index (BMI)
�35 kg/m2, diabetes mellitus, serum creatinine �180 mM,
liver disease, malignancy, pregnancy, and substance abuse.
Hypertension was defined as diastolic blood pressure �90
mm Hg on two occasions or currently taking antihyperten-
sive medication with documented hypertension. In individ-
uals older than 55 years, the onset of hypertension was
determined from medical records. Dyslipidemia was de-
fined as total cholesterol �5.2 mM, high-density lipoprotein
cholesterol �0.9 mM, or currently taking lipid-lowering
medication with documented dyslipidemia in the medical
records. Dyslipidemia was added as a selection criterion to
increase the clinical homogeneity of hypertension in the
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selected families. When at least two siblings in a family
satisfied all the above selection criteria, other siblings, not
necessarily hypertensive, were also enrolled in the study. To
ensure genetic homogeneity, only families with both parents
of Catholic, French Canadian origin born in the SLSJ region
were studied. Using these selection criteria, we collected 55
families with an average sibship size of 5.5 � 2.6 siblings.
From these families, clinically defined subsets of obese
(n � 15) and lean (n � 9) families were selected on the
basis of having either high (�70%) or low (�30%) preva-
lence of obesity (BMI � 27 kg/m2) among siblings within
the family. For obese and lean families, the average sibship
size was 5.2 � 0.9 and 5.7 � 0.9 siblings, respectively.

The genetic component of hypertension was evaluated
with the �S, which is a ratio of the prevalence of hyperten-
sion in sibships to the prevalence of the disease in the
general population (6). In this study, �S was determined for
the entire set of 55 hypertensive families and for its subsets
of 15 obese and 9 lean families. The following estimates
were used in these calculations. The prevalence of hyper-
tension in the SLSJ population is 19.2% (Cardiovascu-
lar Survey, Lac St. Jean-Chibougamau). The prevalence
of obesity (BMI � 27 kg/m2) among Canadian men
and women affected by hypertension is 52% and 49%,
respectively (27).

In each study subject, a blood sample was drawn after
overnight fasting to determine the plasma levels of glucose,
insulin, total cholesterol, high-density lipoprotein choles-
terol, and triglycerides. Na�/Li� CNT and Na�/K� CT
activities were measured in freshly isolated erythrocytes as
described previously (28). The volume of TBW was mea-
sured by bioelectrical impedance analysis according to the
manufacturer’s instructions (RJL Systems, Inc., Clinton
Township, MI). Before comparing the above variables in
obese and lean families, they were adjusted for significant
covariates, such as age, gender, and height, with linear
regression.

The degree of genetic homogeneity was evaluated by
coefficients of inbreeding (F) (8) and kinship (�) (9), which
were computed with ascending genealogies, as described
previously (29,30). F is equal to the probability that the two
genes an individual has at a given locus are identical by
descent. � is the probability that a gene taken at random
from one individual is identical by common descent with a
gene taken at the same locus from another individual. � and
F were determined using both ascending genealogies for 4
generations, with the 4th generation corresponding approx-
imately to the generation that founded the colony in the
SLSJ region, and 10 generations, with the 10th generation
corresponding approximately to the generation that founded
the population in the Charlevoix region. The number of
generations was estimated on the basis of previous studies,
suggesting that, on average, one generation in this popula-
tion spans 30 years (31). Intergroup comparisons of F were

carried out with Fisher’s exact and Wilcoxon tests (32). The
comparisons of � were performed with a permutation test.
Five thousand permutations under the null hypothesis were
carried out (33). The groups were compared pair-wise.

Ascending genealogies were reconstructed with the BAL-
SAC population register and the RETRO database. The
BALSAC population register was constructed by linking the
parish records of baptisms, marriages and deaths in the
SLSJ region from 1840 to 1971 (34,35). The register now
has been extended to the entire Province of Quebec (36).
The RETRO database, a peripheral database of the BAL-
SAC population register (37), contains information of
�137,000 marriages going back as far as the 16th century.

In addition to 55 families drawn for the presence of
familial hypertension and dyslipidemia, F and � were also
computed in 100 control families that were selected ran-
domly from families of 160,000 individuals born in the
SLSJ region between 1950 and 1971 (mean year of birth,
1959). They were selected to represent the entire population
of the SLSJ region (38). Any of the control families could
be classified as hypertensive according to our selection
criteria, because no clinical investigations have been carried
out in these families and the prevalence of hypertension in
the SLSJ population is 19.2% (Cardiovascular Survey, Lac
St. Jean-Chibougamau).

Results
Clinical Characteristics of 55 Hypertensive Families

Fifty-five hypertensive families comprising 225 hyper-
tensive siblings (106 men and 119 women) were included in
this study. On average, these individuals were 53.8 � 7.4
years old and moderately overweight (BMI � 28.36 � 0.30
kg/m2). Their mean fasting triglycerides were within the
normal range (2.32 � 0.12 mM), whereas their average total
cholesterol was borderline high (5.54 � 0.07 mM). Fasting
insulin, volume of TBW, Na�/Li� CNT, and Na�/K� CT
activities were 120.3 � 7.1 U/L, 35.0 � 0.96 L, 384.3 �
22.6 �M cells/h, and 278.8 � 20.1 �M cells/h, respectively.

Analysis of Kinship and Inbreeding of Hypertensive and
Control Families

Using ascending genealogies for 4 generations, both �
and F were approximately four times higher in the set of 55
hypertensive families than in the 100 control families (Fig-
ure 1). This difference was statistically significant for �
(p � 0.001) but not for F (p � 0.455; Figure 1). F and �
calculated with ascending genealogies for 10 generations
were also higher in hypertensive than in control families
(Figure 1). Although the differences were smaller in abso-
lute values, they both reached a significant level (p � 0.001
for � and p � 0.002 for F; Figure 1). These results suggest
that the degree of kinship and the share of common genes

A Genealogical Study of Hypertension, Pausova et al.

OBESITY RESEARCH Vol. 10 No. 6 June 2002 465



are greater among families selected for essential hyperten-
sion than among families selected at random.

Sibling Risk of Hypertension in All Hypertensive
Families

When all 55 hypertensive families were analyzed, �S was
estimated to be 3.89. This estimate was derived from the
prevalence of hypertension in the sibships (74.75%) and
from the prevalence of the disease in the SLSJ popula-
tion (19.20%). �S 3.89 indicates an important role of genes
in the development of hypertension in the examined set
of families.

Clinical Characteristics of Obese and Lean Hypertensive
Families

From the total of 55 hypertensive families, 15 obese and
9 lean families were identified. Obese hypertensive siblings
from the obese families (n � 60) did not differ by gender,
age, fasting lipids, and the percentage of individuals using
blood pressure-lowering and lipid-lowering medications
from non-obese hypertensive siblings (n � 31) originating
from the lean families (Table 1). In contrast, the two groups
of individuals differed by BMI (as expected), fasting insu-
lin, volume of TBW, Na�/Li�CNT and Na�/K�CT. For all
these variables, mean values were significantly greater in

Figure 1: Mean coefficient of kinship (�, left panel) and inbreeding (F, right panel). Coefficients were computed using ascending
genealogies for 4 and 10 generations, with the fourth generation being the one that founded the Saguenay/Lac St. Jean population, and with
the 10th generation being the one that initially settled in the Charlevoix region. The coefficients were calculated for the groups of 100 control
(C) and 55 hypertensive (H) families, as well as for the subsets of obese hypertensive (OH, n � 15) and lean hypertensive (LH, n � 9)
families. � was also calculated between the groups of OH and LH families (OH vs. LH). The statistical significance of the inter-group
differences is shown in the tables between the figures. The p values for the computations including 4-generation genealogies appear in the
upper matrix, and the p values for the computations including 10-generation genealogies are found in the lower matrix.
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siblings from obese families than in siblings from lean
families (Table 1). Furthermore, in the obese families, sig-
nificant positive correlations were observed between vol-
ume of TBW and both Na�/Li�CNT and Na�/K�CT (r �
0.57, p � 0.001 and r � 0.43, p � 0.02, respectively).
In contrast, these correlations were not significant in the
lean families.

Analysis of Kinship and Inbreeding of Obese and Lean
Hypertensive Families

Analysis of ascending genealogies for four generations
showed that, compared with the whole set of 55 hyperten-
sive families, � was two times higher in the subset of 15
obese families (p � 0.233), and nine times higher in the
subset of nine lean families (p � 0.001; Figure 1). Com-
pared with the 100 control families, the differences were
even greater. In the obese families, � was increased eight
times (p � 0.002), and in the lean families, it was increased
37 times (p � 0.001; Figure 1). A similar pattern was also
observed for F, but the differences for the subset of lean
families were less pronounced, and the only significant
difference was between control and obese families (p �
0.046; Figure 1). This was mainly due to the fact that the
subset of lean families included two families related at the
level of first cousins and that this relationship is reflected

only in � but not in F. In addition, the data showed that �
computed between the subsets of lean and obese families
was lower than that within the subsets (Figure 1). Analysis
of ascending genealogies for 10 generations demonstrated
similar results, but the differences were not as prominent
(Figure 1). These data suggest that the degree of gene
sharing, and hence genetic homogeneity, is increased in
clinically defined subsets of hypertensive families with high
and low prevalences of obesity. This finding, together with
the observation that the level of kinship between the two
clinically defined subsets of hypertensive families is lower
than that within the subsets, indicates that essential hyper-
tension with and without obesity may represent, at least in
part, separate genetic entities.

Sibling Risk of Hypertension in Obese and Lean
Hypertensive Families

In the subset of 15 obese families, �S of obesity-associ-
ated hypertension was estimated to be 8.66. This estimate
was derived from the prevalence of obesity-associated hy-
pertension in obese hypertensive families (83.11%) and
from the prevalence of obesity-associated hypertension in
the general population (9.60%). In the subset of nine lean
families, �S of hypertension without obesity was estimated
to be 6.25. This estimate was derived from the prevalence of

Table 1. Characterization of obese and non-obese hypertensive individuals from obese and lean families, respectively

Obese families Lean families p value

% n % n �2 test

Men 48 60 32 31 NS
BP-lowering medication* 78 60 87 31 NS
Diuretics 27 60 26 31 NS
Lipid-lowering medication 42 60 29 31 NS

Mean � SEM n Mean � SEM n t test

Age (years) 53.67 � 0.85 60 53.80 � 1.40 31 NS
BMI (kg/m2) 31.75 � 0.51 60 23.58 � 0.42 31 2 � 10�21

Cholesterol (mM) 5.62 � 0.15 59 5.39 � 0.20 29 NS
Triglycerides (mM) 2.38 � 0.17 59 2.01 � 0.26 29 NS
Insulin (U/L) 131.80 � 8.53 48 86.19 � 5.49 26 0.00003
Volume of TBW (L) 36.62 � 0.50 53 30.22 � 0.43 18 9 � 10�14

Na�/Li� CNT (�M/hour) 428.56 � 24.61 31 292.65 � 26.47 15 0.0006
Na�/K� CT (�M/hour) 318.77 � 23.88 33 219.53 � 22.89 15 0.004

The variables included in the table are adjusted for significant covariates, such as age and gender. Volume of TBW is also adjusted for the
significant effect of height.
BP, blood pressure; BMI, body mass index; TBW, total body water; Na�/Li� CNT, sodium-lithium countertransport; Na�/K� CT,
sodium-potassium cotransport; NS, not significant.
* BP-lowering medication other than diuretics.
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hypertension without obesity in lean hypertensive families
(60.00%) and from the prevalence of hypertension without
obesity in the general population (9.60%). These results
demonstrate that by selecting clinically defined subsets of
hypertension, the strength of the genetic component of the
disease and, thus, the probability of identifying its genes
increases (Figure 2).

Discussion
The results of kinship and inbreeding analysis demon-

strate that, in the French Canadian population of the SLSJ
region, the degree of relatedness, and hence, the share of
common genes, are increased among families selected for
essential hypertension compared with families selected at
random. This suggests that at least some of the extra genes
shared in common by the hypertensive families may be
involved in the pathogenesis of essential hypertension.
Moreover, the data demonstrate that the degree of related-
ness is further increased within but not between subsets of
hypertensive families with high and low prevalence of obe-
sity, indicating that hypertension with and without obesity
may represent, at least in part, separate genetic entities.
Analyses of kinship and inbreeding have been used previ-
ously to study both Mendelian and complex genetic traits.
Thus, for example, it has been demonstrated, in the popu-
lation we investigated here, that F and � are higher in cystic
fibrosis transmembrane conductance regulator mutation
groups than in the general population (39). In the same
population, it has also been shown that cases with a specific
subset of late-onset Alzheimer’s disease are more inbred
than controls and that they are more closely related among
themselves than to the controls. From this, the authors
concluded that a recessive genetic element might be impli-
cated in the pathogenesis of this form of Alzheimer’s dis-
ease in the SLSJ region (40).

The investigations of �S carried out in this study indicate
that genes play an important role in the development of
hypertension in the examined set of families. They also
indicate that the strength of the genetic component increases
by selecting families with clinically defined subsets of hy-
pertension. These epidemiological data are consistent with
our results of the analyses of ascending genealogies.

This study indicates that subsets of hypertension with and
without obesity may be separate genetic entities. This, in
turn, suggests that at least part of the pathophysiological
mechanisms and genes involved in the development of
hypertension may be different in obese and non-obese in-
dividuals. In this study, hypertensive individuals from obese
and lean families, respectively, differed in the amount of
TBW and the activity of ion transporters. More specifically,
the former demonstrated higher volumes of TBW, Na�/
Li�CNT, and Na�/K�CT. These findings are consistent
with previous investigations of obese and lean hypertensive
individuals, demonstrating that the obese hypertensives
have increased TBW, plasma volume, and intracellular wa-
ter (12,13). They are also consistent with studies showing
that Na�/Li�CNT is positively related to obesity (14). In
addition, both Na�/Li�CNT and Na�/K�CT are considered
to be predictors of hypertension (41), but it was demon-
strated that the relationship between Na�/Li�CNT and
blood pressure diminishes when adjusted for BMI (15).
Consistent with these findings, in this study, Na�/Li�CNT
was increased in obese, hypertensive individuals originating
from obese families, whereas in non-obese hypertensive
individuals from lean families, it was within the normal
range (42).

Hypertension in obese compared with non-obese individ-
uals is associated with increased renal sodium and water
reabsorption (43). It has been suggested that an altered
sodium transporter may be related to the difference (44).
Supporting this possibility, although indirectly, a significant
positive correlation between the amount of TBW and both
Na�/Li�CNT and Na�/K�CT was observed in obese hy-
pertensive families in this study.

The genetic basis of hypertension with and without obe-
sity has been studied previously. In case of obesity-associ-
ated hypertension, it has been suggested that the disease
may be determined, at least in part, by genes involved in the
regulation of both adiposity and blood pressure. Thus, in
families of French-Canadian origin not selected for a mor-
bid condition, significant cross-trait correlations, indicating
shared heritable factors, were observed between diastolic
blood pressure and measures of upper body obesity (17). In
another investigation, also involving French-Canadian fam-
ilies, in this case selected for the presence of familial
dyslipidemic hypertension, siblings with and without hyper-
tension originating from the same families differed in that
the hypertensive siblings were more obese and their body
fat was more centrally distributed. Familial correlations

Figure 2: Sibling risk ratio (�S) of hypertension computed in all 55
hypertensive families, �S of obesity-associated hypertension cal-
culated in 15 obese hypertensive families, and �S of hypertension
without obesity computed in 9 lean hypertensive families.
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suggested that this difference may be determined by genetic
factors co-segregating with hypertension (3). In addition,
candidate gene studies showed a genetic association or
linkage with obesity-associated hypertension. These include
investigations of tumor necrosis factor � (45), �3-adrener-
gic receptor (46,47), and G-protein �3 subunit (48) gene
loci. The genetic basis of essential hypertension occurring in
lean individuals also has been investigated. The HYPER-
GENE studies have implicated the angiotensinogen gene in
the development of hypertension in individuals with BMI
�27 kg/m2 (49,50).

In summary, the results of this study suggest that, in a
geographically remote population of French Canadian ori-
gin, the degree of genetic homogeneity increases with se-
lecting clinically defined subsets of essential hypertension
with and without obesity. They also indicate that at least
some of the extra genes shared within these subsets may be
involved in the determination of their differences in adipos-
ity, water homeostasis, and the activities of ion transporters.
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