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GENETIC INFLUENCES ON THE INCREASE IN BLOOD PRESSURE WITH AGE

IN NORMOTENSIVE SUBJECTS IN BARBADOS

The authors tested the single and com-
bined effects of nuclear and mitochondrial
DNA genotypes on the phenotypes of systolic
blood pressure (SBP) and weight, and their
changes over 5 years in normotensive subjects
living in Barbados. The nuclear genotypes
were gender (Y chromosome), haptoglobin
(HP), and group specific component (Gc). A
mitochondrial genotype was chosen as a mark-
er for maternal lineage. Baseline clinic SBP and
weight (N578), 24-hour SBP (N528) were
measured. Five years later, clinic SBP and
weight were measured again in 28 partici-
pants. Male participants generally had higher
pressures than female participants. The HP ge-
notype was associated with 5 of the 8 SBP
phenotypes.

The haptoglobin-1(HP1) allele was associ-
ated with higher clinic (P5.024) and evening
SBP at baseline (P5.020). The effect of HP1
appears to be dominant. Haptoglobin-2 (HP2)
was associated with the increase in weight over
5 years (P5.002). Group specific component
(Gc) genotype was associated with 6 of the 8
SBP phenotypes. The Gc polymorphism 2 was
associated with higher 24-hour SBP, sleep SBP
(midnight–6 AM), afternoon SBP (noon–6 PM)
and evening SBP (6 PM to midnight). Further-
more, we found a significant association be-
tween the haptoglobin/mt-DNA and Gc/mt-
DNA polymorphisms with SBP between 6 PM

and midnight (P5.009 and P5.011, respec-
tively). The 5-year changes in SBP were signif-
icantly associated with the haptoglobin/mt-
DNA and Gc/mt-DNA polymorphisms
(P5.005 and P5.011, respectively). Multivari-
ate analysis for genetic effects on change in
weight and change in BP suggested the rise in
BP, but was not suggestive of change in weight.
Furthermore, multivariate analysis was associ-
ated with Gc, but not Haptoglobin genotype.
In normotensive subjects of African descent liv-
ing in Barbados, the increase in blood pressure
with age is significantly influenced by both nu-
clear and mitochondrial genotypes that are
more common in African derived populations.
(Ethn Dis. 2004;14:57–63)
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INTRODUCTION

The tendency for blood pressure
(BP) to rise with age aggregates in fam-
ilies and twin and adoption studies sug-
gest a major influence of genetic factors
on BP variation.1 One of the hopes of
genetic researchers is that we will be able
to find markers that predict who will
experience a rise in blood pressure with
age. Once such a marker is discovered,
researchers can begin to test interven-
tion strategies in a much smaller sample.
However, efforts to link specific genetic
markers with cross-sectional BP varia-
tion have not met with great success; the
exception to this has been when another
phenotypic marker, such as low potas-
sium, as well as BP, could be measured
in families.2 To date, no studies have
tested genetic factors analyzing their in-
fluence on the increase in BP with age.
Studies attempting to link genetic fac-
tors to BP variation among the African
Diaspora have also met with mixed re-
sults. The distinguishing feature of the
syndrome called essential hypertension
is the tendency for BP to rise with age.
To learn more about this phenomenon,
we conducted a study of genetic links to
the changes in BP over 5 years in a sam-
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ple of normotensive subjects of African
descent living in Barbados. Heritability
computations estimated that approxi-
mately 50% of BP variability in this
population is related to heritable factors3

and differed by mitochondrial geno-
type.4,5 By design, we initially incorpo-
rated a set of standard genetically deter-
mined protein markers in our candidate
genetic screening pool and then added
mitochondrial genetic markers when
they became available.6–8 Many have re-
ported an association between the Hap-
toglobin 1 allele and increased BP.9–11

Group specific component (Gc) pro-
teins, which differ widely around the
world, are now known to be the hu-
man-plasma-protein, vitamin-D-bind-
ing, alpha globulin.12 Mourant et al13

concluded that the high frequency of
the Gc (20 alleles) and their geographic
variation were related to levels of sun-
light. Because of the likelihood that the
genotype leading to the greater rise in
BP with age in AAs is from Africa,14,15

we became interested in mitochondrial
DNA (mt-DNA), which has a unique
pattern of inheritance. Since mt-DNA
is only transmitted through the egg, it
is clearly a marker of biological maternal
lineage of an individual.16 Preliminary
results suggested that Blacks in Barbados
with African maternal lineage have
higher BP than those with a non-Afri-
can maternal lineage.4

The purpose of this study was to
evaluate the single and combined effects
of the haptoglobin (HP), Gc, and mi-
tochondrial DNA polymorphisms on
baseline and longitudinal changes in BP
and body weight in an African-derived
population in the Western Hemisphere.
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Because of the likelihood that

the genotype leading to the

greater rise in BP with age

in AAs is from Africa,14,15 we

became interested in

mitochondrial DNA (mt-

DNA), which has a unique

pattern of inheritance.

MATERIALS AND
METHODS

The total study population at base-
line consisted of 78 normotensive Black
Barbadians, 50 of whom had one or
more genetic markers determined.3 Of
these 50 participants, 32 were male sub-
jects and 18 were female subjects with
a mean age of 30.7 6 10.7 years. Five
years after baseline, data was available
on 40 subjects; 28 of these 40 individ-
uals had genetic markers determined at
baseline. Weights, heights, and manual
BPs were determined by methods pre-
viously described.3 Participants’ BPs
were taken in the supine position to
minimize effects due to cuff-position
and height. Clinical BPs were taken
with an appropriate size cuff on the
right arm after the subjects had been ly-
ing down for at least 5 minutes. The BP
was taken by 2 separate observers (one
male and one female), who were blinded
to each other’s readings. The observers
had been re-certified within 2 weeks of
the study using the Shared Care video-
tape method17 to assure that their ability
to hear Korotkoff sounds to within 6 2
mm Hg was intact. Because diastolic
blood pressure (DBP) was frequently
heard to zero, we did not analyze the
diastolic pressures. Six BP readings were,
taken during each visit; the average of
these 6 readings was used as the clinic
supine BP for that visit. The ambulatory

24-hour BP was obtained in 24 partic-
ipants using the Delmar Avionics PllI
device with techniques previously de-
scribed.18 This 24-hour BP was com-
pleted at baseline only.

Methodologies for nuclear and ge-
notypic determinations of human sub-
jects have been previously reported.19,20

The observations taken in 1989 are
labeled as the baseline readings, while
those taken in 1994 are called the fol-
low-up or 5 year values.

Statistical analysis of these data was
performed using the software program
SPSS for Windows version 5.0. Stan-
dard analysis of variance (ANOVA) sta-
tistical procedures were used to deter-
mine if there were significant differences
in group means for BPs across the var-
ious genotypes. The independent vari-
ables were: gender and Gc; HP; and mi-
tochondrial DNA genotypes. The de-
pendent variables were: clinical BP;
weight and systolic/diastolic BP at the
various time intervals in the 24-hour cy-
cle; BP in 1994; and the change in BP
and body weight at follow-up. The dif-
ference between the observed number of
individuals and the expected number of
individuals of each Gc, and HP geno-
type was examined by chi-square anal-
ysis (Hardy-Weinberg equilibrium). All
variables were normally distributed. The
statistical corrections and standard Bon-
ferroni corrections for multiple compar-
isons were as follows: the level of sig-
nificance for clinic BPs was 0.025; the
level of significance for 24-hr BPs was
0.0125; the level of significance for
weight was 0.025; and the level of sig-
nificance for the change in weight and
BP was 0.05 in each genetic polymor-
phism model.

For identification, the model that
contains mt-DNA and HP will be re-
ferred to as the Hapto model; and the
one that contains mt-DNA and Gc will
be known as the Gc model.

RESULTS

The detailed results are seen in Ta-
bles 1–4. The statistical results are sum-

marized in Table 3 for the HP model
and Table 4 for the Gc model. Readers
may obtain the complete reference ta-
bles listing the results of the ANOVA
from the authors. When gender differ-
ences were noted, male participants al-
ways had a higher pressure; thus, the Y
chromosome appears to result in higher
BP and a greater increase in BP with
age. However, in this sample, the Y
chromosome did not appear to affect
cross-sectional weight.

The average age was 30 in the base-
line group and 33 in those followed for
5 years. Although, more male than fe-
male participants were seen at both
times, the numbers of male participants
remained similar at baseline and 5 years
thereafter. Body weight was not signifi-
cantly different at baseline or at follow-
up. Weight gain over the years was sig-
nificant and similar in both men and
women.

Clinic Blood Pressure (BP) and
Changes Over 5 Years

Systolic blood pressure (SBP) was
higher in men at base line and at the 5-
year follow-up. While BP increased sig-
nificantly in men, women in this sample
did not show an increase in BP. Systolic
BP at baseline and at 5 years was not
correlated with weight, but was affected
by gender and genotype as described be-
low.

Ambulatory Blood Pressure
(BP)

Ambulatory blood pressure was ob-
tained in only 4 women; yet their BP
was lower than men in this measure.
The 24-hour average BP reading ob-
tained in these 4 women was correlated
with the clinic BPs (P5.05). Systolic
blood pressure (SBP) was lower during
sleep in these subjects, but did not differ
from the 24-hour average BP during the
rest of the day.

Genetic Effects on Blood
Pressure (BP) and Change in
BP

The study population was not found
to be in Hardy-Weinberg equilibrium
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Table 1. Demographics and blood pressures at baseline and at follow-up

Variable Baseline Follow-up P

Number (males 1 females)
Age (range)

(32 1 18)
29.9 6 9.6 (17–44)

(18 1 13)
32 6 7 (22–49)

Clinic BP supine
Men
Women

123 6 10 (103–166)
107 6 10 (94–133)

127 6 11 (109–155)
109 6 12 (99–152)

P,.0007
P5.554

24 hr systolic blood pressure (X 6 SD) (range)
Men (N521)
Women (N54)

122 6 10 (91–131)
112 6 9 (90–125)

Sleep systolic blood pressure
Morning systolic blood pressure
Afternoon systolic blood pressure
Evening systolic blood pressure

109 6 9.8 (88–127)
124 6 11.4 (103–149)
120 6 10.4 (108–148)
120 6 10.4 (95–139)

Change in clinic systolic blood pressure (5-year baseline)
All
Men (N518)
Women (N513)

4.8
8.6 mm Hg
0.5 mm Hg

.007

.007
NS

Weight (kg)
All
All men
All women

70 (N550)
71
67

74 (N528)
72
72

NS both times
NS both times
NS both times

Change in weight (5-year baseline)
All
Men
Women

6.5
5.2
7.9

.041

.05

.05

Table 2. The effect of Haptoglobin genotype on systolic blood pressure (SBP) and
weight phenotypes over 5 years of follow-up

Phenotype

HP Genotype

1–1 1–2 2–3 P

24 hr SBP
6 AM–12 noon (morning)
Noon–6 PM (afternoon)
6 PM–midnight (evening)
Midnight–6 AM (sleep)
Systolic 1989 clinic
Systolic 1994 clinic
Change in SBP
Weight 1989
Weight 1994
Change in weight

124
127
127
124
115
118
124

7.3
66
66
3.2

123
125
129
124
109
118
119
20.4
73
84
10.8

116
127
119
110
103
111
113

7.8
70
74
9.6

NS
NS
.044
.020
.076
.024
NS
.039
NS
NS
.002

for the 2 diploid polymorphisms asso-
ciated with BP. The significance statis-
tics of the chi-square analysis of the HP,
and Gc polymorphisms were all
,0.001.

Haptoglobin (HP) and Blood
Pressure (BP) Phenotypes

As Table 2 illustrates, the HP ge-
notype showed a significant or near sig-
nificant effect in 5 of the 8 systolic BP
phenotypes; and the HP1 allele was as-
sociated with the higher BP in 6 of the
8 phenotypes. Both homozygous geno-
types were associated with an increase in
BP with age. Haptoglobin (HP) had an
effect on the clinic BP measured at base-
line, but not at follow-up. For the clin-
ical SBPs, the effect was clearly due to
a higher pressure in those with the 1
allele. Unquestionably, for the baseline
(1989) SBP, where most subjects had
both BP and genotyping (N550), the
fact that 1-1 and 1-2 genotypes have a
higher BP than the 2-2 suggests a dom-

inant effect for HP. The rise in BP was
also affected by HP genotype; but the
effect of the homozygous genotypes had
the greater BP increase with age. While
there was no effect on cross-sectional
weight, the increase in weight was influ-
enced by HP genotype; and it was the
HP2 allele that had a dominant effect.

Table 3 lists the influences of the Gc
genotype on the same phenotypes as Ta-
ble 2. Systolic blood pressure (SBP) was
influenced by the Gc2 allele in 6 of the
8 BP phenotypes. The clinic BPs did
not show a clear significant effect of Gc,
nor did the change in BP with age. For
the 24-hr SBP, there appears to be a
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Table 3. The effect of Gc Genotype on systolic blood pressure (SBP) and weight
phenotypes over 5 years of follow-up

Phenotype

Gc Genotype

1–1 1–2 2–2 P

24 hr SBP
6 PM–12 noon
Noon–6 PM

6 PM–midnight
Midnight–6 AM

Systolic 1989 Clinic
Systolic 1994 Clinic
Change in SBP
Weight 1989
Weight 1990
Change in weight

116
119
118
114
103
113
126
13
61
67
7.7

122
121
126
125
110
117
119

1.5
71
75
6.8

127
135
135
121
115
115
114
20.28
74
73
3.8

.013

.095

.017

.017

.04

.073
NS
NS
NS
NS
NS

Table 4. Haptoglobin Model: P values from analysis of variance; effects of gender, mt-DNA, and haptoglobin on systolic blood
pressure and weight measurement at baseline in 1989 and at 5 years of follow-up in 1994

Effects

89 Clinic
Ave Sys
mm Hg

Ave 24 hr
Sys

mm Hg

Sleep
Sys

12–6 AM
mm Hg

Morning
Sys

6–12 AM
mm Hg

Afternoon
12–18 PM
mm Hg

Evening
18–24 PM
mm Hg

94 Clinic
Ave Sys

5 yr Sys
Change
mm Hg

Wt 89
kg

Wt 94
kg

5 yr Wt
Change

kg

N
Mean value
Main effects
Gender
Mt-DNA
Higher allele
Hapto
Higher allele
Explained (P)

% Explained

50
117
,.001*
,.001*

.453

.024*
1

,.001*
60%

24
122
.101
.035
.959

.172

.101
NS

24
111
.067
.076
.321

.076

.067
NS

24
124
.511
.114
.456

.960

.511
NS

24
127
.051
.072
.511

.044

.051
38%

24
122

.007*

.017*

.087

.020*
1

.007*
51%

28
121

,.001*
,.001*

.052

.303

,.001*
60%

28
4.9

.007*

.012*

.083

.034*
1–1, 2–2

.007*
44%

50
69.9
.289
.244
.957

.165

.155
NS

28
73.6
.305
.301
.903

.138

.305
NS

28
6.6

.001*

.041*

.021*
3

.002*
2

.001*
54%

Bold type and * indicates P5.05.
Main5main effects, gender, mt-DNA genotype (2 or 3), haptoglobin genotype (1–1, 1–2, or 2-2).

dominant effect for the 2 allele. No ef-
fect of Gc on the weight phenotypes
was evident.

Weight and Changes in Weight
Influenced by mt-DNA and
Gender

As seen in Table 1, the baseline
weight was 70 kg increasing to 74 kg 5
years later (P5.05). As seen in Tables 2
and 3, no detectable effects of any of
the genetic markers on cross-sectional
weights were observed in 1989 or 1994.
The weight at either time did not differ
between men and women in this data
set. The change in weight was the factor
that appeared to be most notably under
HP influence. When the mt-DNA ef-

fects were tested (no table), the change
in weight averaged 6.7 kg; and this var-
ied by gender (male subjects 5.2, female
subjects 8.4; P5.041). In mt-DNA
Type 3, weight increased by 8.2 while
Type 2 increased only by 5 kg
(P5.021). In men with Type 3, the gain
was 3.5 kg. In Type 2, it was 6.5 kg;
and in women with type 3, it was 11.2.
However, in type 2 it was only 6.4 kg
(P5.05). Haptoglobin genotype had a
significant effect on weight gain (Table
2) (1-153.2 kg, 1-2510.8 kg, 2-259.6
kg; P5.002). The similar gain by those
with type 2 suggests a dominance effect
of the system on weight gain. This phe-
nomenon was true in men and women
(data not shown). With the Gc model,

there were no effects on the baseline, 5-
year weights on increases in weight. In
this sample, the results suggest that
change in weight is the factor most in-
fluenced by the genetic influences of
mt-DNA and HP.

Haptoglobin Model
Hapto Model (Table 4): Male par-

ticipants had higher SBP than female
participants in both their clinic readings
and in SBP increases with age. Male
subjects also had higher 24-hour and
evening SBP than female subjects. Mt-
DNA did not affect the 24-hr BP. Hap-
toglobin (HP) affected the baseline SBP
and the change in SBP.

Table 3 lists the influences of the Gc
genotype on the same phenotypes as Ta-
ble 2. Systolic blood pressure (SBP) was
influenced by the Gc2 allele in 6 of the
8 BP phenotypes. The clinic BPs did
not show a clear significant effect of Gc,
nor did the change in BP with age. For
the 24-hr systolic BP, there appears to
be a dominant effect for the 2 allele. No
effect of Gc on the weight phenotypes
was noted.

Five year change in SBP: gender and
HP contributed to the main effects.
Taking a look at this 5-year change in
BP, the Hapto 1-2 had the lowest BP
rise. Although the numbers were small
(and not significant), the male partici-
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Table 5. Gc Model: P values from analysis of variance; effects of gender, mt-DNA, and Gc on systolic blood pressure mea-
surement at baseline in 1989 and at 5 years of follow-up in 1994

Effects
89 Clinic
Ave Sys

Ave 24 hr
Sys

Sleep Sys
12–6 AM

Morning
Sys

6–12 AM
Afternoon
12–18 PM

Evening
18–24 PM

94 Clinic
Ave Sys

89–94
Sys

Change
Wt 89

kg
89–94 Wt
Change

Wt 94
kg

Number
Mean value
Main
Gender
Mt-DNA
Higher allele
Gc
Higher allele
Explained (P)

% Explained

49
116

,.001*
,.001*

.414

.073

,.001*
58%

24
121

.004*

.004*

.606

.013*
2

.004*
58%

24
108

.027*

.024*

.651

.040*
2

.027*
42%

24
122
.054
.087
.117

.085

.054
NS

24
125

.013*

.037*

.197

.017*
2

.013*
47%

24
121

.001*

.001*

.091

.017*
2

.001*
59%

28
120

,.001*
,.001*

.046*
3

.681

,.001*
60%

28
4.9

.001*

.004*

.041*
3

.007*
1

.001*
54%

49
69

.127

.254

.974

.053

.365
NS

28
6.4
151
.167
.047

.618

.151
NS

28
72.3
.821
.451
.908

.639

.821
NS

Bold type and * indicates P5.05.
Main5main effects, gender male, female, mt-DNA genotype (2 or 3). Gc genotype 1 or 2. Explained contains the P for the % of variance explained by the variables and

% explained is the % explained by the variables.

Our results now add 3

genetic influences: (mt-DNA,

HP, and Gc) to those genetic

factors associated with

increase in hypertension with

age, at least in those

individuals of African

descent.

pants in this category were homozygous
for HP1, had the ‘‘African’’ mt genotype
3, and manifested an increase in SBP of
18.4 mm Hg among male subjects in
this model.

Five year change in weight: the av-
erage increase in weight was 6.6 kg.
These changes in weight were affected
by gender (women gained more), mt-
DNA (type 3 gained more), and by HP
genotype (Hapto-2 was associated with
a greater weight gain).

Gc Model
Table 5: gender influenced all but

one of the BP phenotypes. Male sub-
jects always had the higher BPs, and the
greatest increase in BP. Group specific

component (Gc) did not influence the
clinic BPs. A significant effect was ob-
served on the 24-hr systolic and for all
BPs, except the morning SBP. For the
cross-sectional BPs, the type 2 allele was
associated with higher BP. However, the
increase in systolic pressure over 5 years
was greater in those with the Type 1
allele. Within the Gc model, there were
no gender or genetic influences on body
weight fluctuations.

Multivariate Analysis
A model with HP and mt-DNA re-

flecting simultaneous changes in SBP
and weight (wt) was analyzed separately
by gender. In male subjects, the change
in BP was significantly affected by mt-
DNA (P,.0001) and haptoglobin
(P5.006) genotype, but the change in
weight was not affected by mt-DNA. In
females, increases in weight and BP
were not influenced by mt-DNA geno-
type; however, haptoglobin genotype
influenced both (wt P5.018, BP
P5.048).

DISCUSSION

Essential hypertension is defined as
the increase in BP with age. Increasing
blood pressure (BP) with age is a per-
vasive phenomenon seen in all societies

in the world except those that consume
a low-sodium diet. A long-term goal of
genetic researchers is to identify who
will develop this condition; this crucial
information will aid researchers as they
test intervention strategies for preven-
tion. The rise in BP with age in adult
populations is a function of dietary salt
intake as shown by the INTERSALT;
those with the highest sodium intake
had the greatest rise in BP with age. The
rise in BP with age and/or migration has
also been shown to be familial.22 Our
results now add 3 genetic influences:
(mt-DNA, HP, and Gc) to those genetic
factors associated with increase in hy-
pertension with age, at least in those in-
dividuals of African descent. The in-
crease in body weight is another impor-
tant risk factor associated with the in-
crease in BP with age; and this risk
factor shows wide population variation.
On average, our subjects gained weight,
but this did not predict the rise in pres-
sure. In addition, joint genetic influenc-
es on body weight and the increase in
BP with age were identified.

Most studies looking at the effects of
genetic factors on BP in Blacks and
Whites have been cross-sectional; thus,
the phenotype has generally been based
on a few BP measurements on only one
or a few days. These measurements are
subject to many sources of environmen-



62 Ethnicity & Disease, Volume 14, Winter 2004

GENETIC INFLUENCES ON BP INCREASE WITH AGE - Robinson et al

tal effects. On the other hand, the track-
ing of BP over time may be a more sta-
ble estimate of the phenotype of BP that
leads eventually to a level that is called
hypertension. Ambulatory BP may be a
better phenotype, as many more BP
readings are available. Therefore, our
study showed significant genetic effects
on the ambulatory measurements and
the change in BP with age. The failure
to find effects on variations in BP dur-
ing certain times of the day may be the
result of our small sample size; or it may
mean that diverse genetic mechanisms
influence BP at different times of the
day. A more likely explanation may be
that genetic factors exert influences on
the rhythms of the 24 hour BP.23 Due
to our small sample size, we did not an-
alyze the effects on 24-hour rhythm pat-
terns.

Hypertension and Haptoglobin
The authors have shown a clear ef-

fect of HP on BP and the increase in
SBP over a 5-year period. An association
of a protein in human plasma associated
with human hypertension was first re-
ported in 198123 and with HP in Aus-
tralian Whites in the same year.24 The
protein was identified as the same pro-
tein as HP25 by German investigators in
1985. Delanghe et al26 showed that hy-
pertensives with the 2-2 phenotype re-
quired more complex drug combina-
tions to gain BP control. In 1987,
Weinberger et al9 reported an effect of
the HP1 allele on BP in White adults
and their children. In subjects tested for
salt sensitivity (SS) using the Grim-
Weinberger protocol, those with the
HP1 allele had greater changes in BP
when going from a high-sodium to a
low-sodium state and were thus more
SS. On the other hand, Weder et al10

did not find an effect of HP on BP var-
iation in a large population based sam-
ple of Whites in Michigan. Kojima et
al27 tested SS using a dietary protocol in
Japanese hypertensives and found more
SS subjects in those with the FP-1 allele.

If the heterozygote is indistinguish-

able from one of the homozygotes, then
one of the alleles is referred to as dom-
inant to the other. In our study, it ap-
pears as though the HP1 allele is dom-
inant to the HP2 allele in BP regula-
tion. No significant difference in average
BPs between the Hp 1-1 homozygote
and Hp 2-1 heterozygote were observed;
however, there is a significant difference
in BP between the Hp 1-1 and HP-21
genotypes and the HP 2-2 genotypes.
The evidence for dominance was first
pointed out to us by our reviewers for
this journal. The authors have reviewed
the literature for evidence of domi-
nance. Several large studies reported an
effect of HP1, but did not mention the
dominance effect. Thus, Weinberger et
al9 studies also clearly show a dominance
effect of HP1 in adults and this same
effect in White children. The change in
BP with acute sodium balance changes
also shows dominance. Furthermore,
Kojima27 tested SS utilizing a 14-day
protocol and also found a greater num-
ber of SS subjects in those with HP1.
The data from this study suggests a
dominant allele. Kojima et al also found
that the SS subjects had lower renin and
aldosterone levels on the low-sodium in-
take protocol.

Additionally, our study reports a
dominance effect of HP2 on the in-
crease in weight over 5 years. Our ob-
servations reflect that increases in BP
with age were neither correlated with
weight gain, nor with the differing ef-
fects of the HP genotype on the weight
gain. These findings suggest that both
gain in weight and increase in SBP over
time are likely under the control of dif-
ferent genetic mechanisms.

Individuals of African descent in the
Western Hemisphere have higher rates
of obesity than those living in West Af-
rica today. Although differences are al-
most certainly related to environmental
effects, such as increased calories and
less exercise, our studies suggest that 2
genotypes that are more common in Af-
rica (mt-DNA Type 3 and HP1) also
have an effect on the weight gain over

5 years. This gain in weight was not cor-
related with an increase in BP.

Vitamin D Alpha-binding
Globulin (Gc) and Blood
Pressure (BP) Variation

Although we report an association of
the Gc polymorphism with 24-hour BP,
this finding did not apply to the in-
crease in BP over a 5-year period in
Afro-Caribbeans. Other reports that
have tested the effect of Gc on BP have
not been located. As Gc also plays a key
role in Vitamin D metabolism, it should
likewise be investigated for a possible
role in the effect of sunlight exposure on
BP variation. Both Rostand28 and Cal-
livari-Sforza have suggested that the
world-wide genotype variation appears
to be related to level of UV light ex-
posure.

Mt-DNA and Blood Pressure
(BP) Variation

Two patterns are detected with the
Hpa I enzyme: Denaro Morph 3, which
is found only in those of African descent
(85.7%) and within African populations
(Bushman, 92.7%; Pygmy, 95.5%; Ban-
tu, 70.8%); and Morph 2 which is
found much less commonly in Africans
(1.5%), but is found in 98.1% of Cau-
casians and 81.3% of Asians. Our first
report of an effect of mt-DNA genotype
suggested that the Type 3 genotype was
associated with a higher BP.4 This find-
ing is strengthened by our observation
that this same genotype is associated
with a greater increase in BP with age.
The authors are not aware of other pub-
lished reports of the effect of mitochon-
drial genotype on BP in other popula-
tions.

Limitations of the Study
Although our sample size was, in

some respects, relatively small, this lim-
itation was likely overcome by our care-
ful measurement of BP, our 24-hour BP
data, and by the longitudinal data in-
cluded in the study.
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SUMMARY

The authors have found individual
and epistatic effects of 2 nuclear and
one mitochondrial genotype on the phe-
notypes of supine and ambulatory BP
and weight, as well as on the rise in su-
pine SBP and weight over a 5-year pe-
riod in an Afro-Caribbean population.

These findings suggest that the high
prevalence of hypertension in African
derived populations in the new world
may be related to a higher frequency of
these polymorphisms in African in con-
trast to European populations.
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