A POPULATION-BASED STUDY IN GHANA TO INVESTIGATE INTER-INDIVIDUAL VARIATION

IN PLASMA t-PA AND PAI-1

Introduction: Susceptibility to arterial throm-
bosis has a significant genetic component that
is partly due to the expression of two proteins,
tissue-type plasminogen activator (t-PA) and
plasminogen activator inhibitor-1 (PAI-1), that
directly influence thrombus formation and
degradation. We have initiated a large-scale
population-based study to characterize the
genetic architecture of plasma t-PA and PAI-1
in Blacks from Sunyani, Ghana.

Design: The design of the study is based on the
recruitment of 2000 unrelated subjects who are
ascertained without regard to chronic disease
status. The analyses of the results will be done by
dividing the data into two parts, a modeling set
and a validation data set. This study design will
facilitate the identification of genetic, environ-
mental, and demographic factors that contribute
to inter-individual variation in plasma levels of t-
PA and PAI-1 in the population at-large.

Results: We report the specifics of the study
design, as well as phenotype information on
the first 1000 subjects. Our results show that
females and males differ significantly in several
key measures, including PAI-1, BMI, total
cholesterol, and systolic blood pressure.

Conclusions: The data collected from this
population-based study demonstrate signifi-
cant sex differences in PAI-1 and critical factors
that may influence risk of thrombosis. These
samples will serve to inform the genetic
analyses of t-PA and PAI- levels. (Ethn Dis.
2007;17:492-497)
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INTRODUCTION

Thrombosis resulting in loss of blood
flow to vital organs is one of the key steps
in the progression of cardiovascular
disease (CVD) and is an underlying
mechanism of acute myocardial infarc-
tion, stroke and venous thromboembo-
lism.! Prevention and treatment of
thrombosis will likely decrease the in-
cidence of CVD and reduce the health-
care burden of this chronic disease.
Previous studies have found that throm-
bosis susceptibility has a significant ge-
netic component with a heritability of
approximately 60%,” suggesting that the
identification of genetic risk factors will
benefit public health strategies for
thrombosis prevention and treatment.
Success in this endeavor will depend
critically on our ability to delineate the
relationship between genetic variation,
variation in intermediate risk factors and
variation in risk of thrombosis, in the
context of clinically relevant covariates
such as sex, smoking, and body mass
index. Our study is designed to examine
two plasma fibrinolytic proteins that
directly influence thrombus formation
and degradation, tissue-type plasmino-
gen activator (t-PA) (OMIM 173370)
and plasminogen activator inhibitor-1
(PAI-1) (OMIM 173360), with the
ultimate goal of understanding how
genetic factors can affect expression of
these proteins and the subsequent risk of
thrombosis.

Thrombosis is initiated by the phys-
ical disruption of blood vessels that leads
to stimulation of hemostatic responses
involving the vascular endothelium,
platelets, coagulation and fibrinolysis.”
Thrombus formation following damage
to the endothelium can be reversed by
fibrinolysis or the degradation of fibrin
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into soluble fragments. Inhibition of
fibrinolysis occurs either through the
inactivation of t-PA by PAI-1 or the
inactivation of plasmin by o,-antiplas-
min. Thus, one of the key biological
factors influencing thrombus progression
and regression is the relationship be-
tween t-PA and PAI-1. Plasma levels of
both of these molecules have significant
genetic components. The long-term goal
of this population-based study is to
understand the role of genetic variation
in inter-individual differences in plasma
levels of t-PA and PAI-1.

The ultimate goal of our study is to
elucidate the genetic architecture of t-PA
and PAI-1. While the genetic bases of
t-PA and PAI-1 expression have not yet
been fully elucidated, there is accumulat-
ing evidence suggesting that inter-in-
dividual variation in these plasma en-
zymes is significantly influenced by
polymorphisms in more than one candi-
date gene.* "

Herein, we describe a large, popula-
tion-based study of t-PA and PAI-1 that
will be used to study the genetic
architecture of t-PA and PAI-1 expression
in Blacks. The subjects were recruited
from Sunyani, the regional capital of
Brong Ahafo in Ghana, without regard to
chronic disease status. We provide the
details of the study design, the biological
samples collected, the medical and de-
mographic information collected, the
biological measures (eg, t-PA and PAI-1
levels, BMI, fasting glucose and lipid
levels), and the scientific questions that
will be addressed. The population in
Ghana was selected for several reasons.
First, it will have less admixture than US
populations. Less admixture will improve
our ability to effectively evaluate the
genetic basis of plasma t-PA and PAI-1
by reducing complexity due to locus



heterogeneity. Second, Ghana was a pri-
mary source of slaves for the Americas. As
such, it represents one of the major
populations from which the African
American gene pool is derived. Thus,
results from studying Blacks from West
Africa are likely to play an important role
in understanding health and disease in
African Americans. This study represents
one of the largest population-based
studies of inter-individual variation in
plasma t-PA and PAI-1 levels for any
ethnic group.

METHODS

Subject Ascertainment

The goal of this study is to establish
a population-based sample of 2000
Blacks from Sunyani, Ghana. In this
paper, we describe the first 1000
subjects ascertained as part of this study
who were recruited between May 2002
and October 2003. Unrelated subjects
were recruited into the study, without
regard to chronic disease status, from
the Brong Ahafo regional capital of
Sunyani, Ghana. Subjects learned about
the study by word-of-mouth at their
local churches or at the local market.
Subjects were excluded from the study if
they had signs of acute illness such as
malaria that might influence t-PA and
PAI-1 levels,"*'® were <18 years of
age, or were a first or second degree
relative of someone already enrolled in
the study. The ethnic self-description of
the subjects and their parents was
recorded.

Subjects who wanted to participate in
the study came to the project office at the
Regional Hospital, Sunyani and made
appointments for future dates. When the
appointments were made the subjects
were instructed to return on the ap-
pointed date at 8:00 AM without having
eaten for at least the previous 10 hours.
They were also asked how they heard
about the study, and whether they knew
of any relatives who had participated. If
relatives had participated, samples were
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Fig 1. Map of recruitment site in Sunyani, Ghana, capital of the Brong Ahafo region

still taken but were not used for the
analysis in the present study.

Subjects were recruited almost ex-
clusively from the Sunyani District of
the Brong Ahafo Region (Figure 1),
which is predominantly rural (62.6%).
However, the Sunyani District within
this rural region has a population of
approximately 180,000 residents and is
predominantly urban (73.8%). Males
represent 49.7% of the district popula-
tion (Ghana Statistical Service, 2002).

Informed Consent

Study protocols and human subject
consent forms were generated in collab-
oration with the US and Ghanaian
investigators, and were approved by
institution review boards (IRB) at both
Vanderbilt University and Regional
Hospital, Sunyani. A Federal Wide
Assurance (FWA) was issued to the
University of Ghana and Regional
Hospital (FWA 00004718). The Re-
gional Hospital IRB was also registered
with the US National Institutes of
Health Office of Human subjects Re-
search (IRB 00003452). This NIH-
funded project was approved by the
US Department of State.

Prior to entry into the study, written
informed consent was obtained from
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each participant. If a participant could
not write, a fingerprint was obtained on
the consent form. As part of the consent
process, a good faith effort was made to
explain the purpose of the study either
in the local language or English and to
answer any questions that potential
participants may have had prior to
obtaining consent. English is the official
language of Ghana.

Collection of Medical and
Demographic Information

All participants provided informa-
tion on previous medical history as well
as standard demographic data. The
information included age, sex, educa-
tion, smoking status, alcohol consump-
tion, and current medications. It also
included previous diagnoses for cardio-
vascular disease, diabetes, and several
types of cancer.

Height, weight, and blood pressure
were measured. Blood pressures were
measured using an Omron HEM-705¢
instrument (Omron Healthcare Corp.,
Bannockburn, Illinois, USA). Partici-
pants were seated in a quiet location and
two measurements were taken from
their left arm. Blood pressure values
were taken twice and the mean of the
two measurements was used in the
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analysis. All blood pressure measure-
ments were taken prior to blood draws.
Height and weight were measured with
shoes removed and using a height scale
on a wall in the examining room and
a commercial scale calibrated for accu-
racy.

Collection and Processing of
Biological Samples

Three tubes of blood were drawn
from each subject. One purple top tube
(EDTA) was drawn and used to measure
fasting lipid levels. Both total cholesterol
and triglycerides were measured using an
Flan ATAC 8000 Random Access
Chemistry System (Elan Diagnostics,
Smithfield, Rhode Island, USA). Cho-
lesterol was measured using the Choles-
terol Reagent kit and triglycerides were
measured using the triglycerides reagent
kit, both from Elan Diagnostics and both
according to the manufacturer’s pro-
tocol. Glucose levels were measured
using a hand-held Sure Step glucose
monitor by LifeScan with blood drops
from the blood draw needles (LifeScan,
Milpitas, California, USA).

Two black top tubes (Stabilyte tubes,
Biopool, Umea, Sweden) were drawn
between the hours of 8:00 AM and 10:00
AM for measurement of t-PA and PAI-1
antigen levels. Tubes were chilled on ice
prior to being used and kept on ice until
centrifugation. Within 20 minutes of the
blood being drawn, cells were centri-
fuged for 20 minutes at 3000 Gs at
0 degree C. After centrifugation, plasma
was transferred to a cryotube with a sterile
transfer pipette and immediately frozen
in liquid nitrogen. Plasma samples were
stored in liquid nitrogen and then
shipped to Nashville, Tennessee, USA,
in IATA Cryo shippers (MVE Products).
Cells were stored for DNA isolation at
4 degrees C for up to 5 days. DNA was
isolated at Regional Hospital, Sunyani
using PureGene DNA purification kits
as described by the manufacturer (Gentra
Systems, Minneapolis, Minnesota,
USA). Plasma levels of PAI-1 and t-PA
antigen were measured at Vanderbilt
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University using a commercially avail-
able enzyme-linked immunoassay
(ELISA, Biopool AB, Umea).

Data Management

The medical history and demo-
graphic data questionnaires were for-
matted as scannable forms. Data was
entered directly from each scannable
form into a secure Oracle database. All
entries were checked for accuracy and
corrected by hand. The PAI-1 and ¢-PA
data were recorded on a spreadsheet at
the time of assay and entered into the
database using a Perl script. Genotype
data was recorded and entered in the
same manner.

Data Analysis

Prior to statistical analysis, we tested
the null hypothesis that plasma t-PA
and PAI-1 levels are normally distribut-
ed using the Shapiro-Wilk test.'”'®
When the null hypothesis was rejected
(P<.05), we adjusted t-PA and/or PAI-
1 levels to normality using Box-Cox
power transformations.'” Statistical out-
liers were identified using the inter-
quartile range test and were removed
prior to analysis.”” This was done to
reduce the impact of extreme outliers on
the results in terms of understanding the
factors that affect the distribution of
PAI-1 and «PA.

The goal of the initial statistical
analysis was to compare the means and
variances of age, body mass index
(BMI), PAI-1, t-PA, systolic blood
pressure (SBP), diastolic blood pressure
(DBP), total cholesterol, glucose, and
triglycerides among females (2=573)
and males (»=427). The two-sample #
test was used to compare means when
the traits were normally distributed.
Satterthwaite’s correction to the # test
was applied when the variances were not
equal.”’ The Wilcoxon rank-sum test
was used to compare means when one
or both of the traits were not normally
distributed and could not be trans-
formed to normality.”* Variances were
compared using the folded-F test.”> All
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analyses were done using SAS. All
results were considered statistically sig-
nificant at the .05 level.

RESULTS

Comparison of Biological and
Clinical Measures between
Females and Males

Table 1 summarizes the mean age,
body mass index (BMI), PAI-1 level, t-
PA level, systolic blood pressure (SBP),
diastolic blood pressure (DBP), total
cholesterol (T'C), glucose, and triglycer-
ides (trig) in females and males sepa-
rately. Box plots are presented for male
and female measurements of PAI-1 and
t-PA in Figure 2. Males and females did
not statistically differ with respect to
age, t-PA levels, or DBP. All other
statistical comparisons of the means
revealed significant (P<.05) sex differ-
ences. Males and females differed sig-
nificantly in BMI with an average
female BMI of 26.61 kg/m2 and an
average male BMI of 23.85 kg/m2
(P<.001). Average female BMI in this
sample was consistent with being over-
weight (>25 kg/mz) as was the median
BMI (26.19 kg/m?). Of the women in
our study, 59.9% had a BMI>25 but
only 32.9% of males had a BMI>25.
Women also had significantly higher
TC (181.25 mg/dL vs 169.93 mg/dL,
P<.001) and fasting glucose levels
(94.63 mg/dL vs 91.52 mg/dL,
P=.001). Females had also had signif-
icantly higher PAI-1 levels (6.92 ng/mL
vs 6.73 ng/mL, P=.016). In contrast,
men had higher triglyceride levels
(97.03 mg/dL vs 85.53 mg/dL,
P=.007) and SBP (131.67 mm HG vs
125.78 mm Hg, P<.001). These num-
bers represent substantial mean differ-
ences between sexes for most measured
variables.

Table 2 summarizes the variances
for the same biological and clinical
measures in females and males separate-
ly. Variances were significantly different
between females and males for all traits
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Table 1. Comparison of the means of each biological and clinical measure between
females and males

Females (n=573) Males (n=427) P-value
Age (years) 42.73 44.04 15
Body mass index (kg/mz) 26.61 23.85 <.001
PAI-1* (ng/mL) 6.92 6.73 .016
t-PAt (ng/mL) 7.25 7.53 .66
Systolic blood pressure (mm Hg) 125.78 131.67 <.001
Diastolic blood pressure (mm Hg) 77.24 78.01 .895
Total cholesterol (mg/dL) 181.25 169.93 <.001
Glucose (mg/dL) 94.63 91.52 .001
Triglycerides (mg/dL) 85.53 97.03 .007

* — PAI-1, plasminogen activator inhibitor 1.
T — t-PA, tissue type plasminogen activator

except TC. In contrast to the mean
values, men had significanty higher
variances for most of the traits (age,
PAI-1, «PA, SBP, DBP, and triglycer-
ides, P<<.001 for all comparisons except
systolic blood pressure, P=.031). Var-
iances were greater in the female samples
only for BMI and glucose level (P<.001

for both). The difference in variance may
ultimately translate into very different
disease risk, if thresholds define clinical
risk. This is because even with identical
means, if the variance is different
between two groups, the percent of
a population above a critical threshold

will be defined by the variance.

DISCUSSION

We describe the study design and
preliminary analyses of a project that is
intended to assess the role of genetic
variation in t-PA and PAI-1 plasma
levels. These two fibrinolytic proteins,
the balance of which affects risk of
thrombosis, both have high heritability,
thus justifying the study of the genetics
of their expression.”* To accomplish
this goal, we have selected a population
that is predominantly from a single
ethnic group, Brong, from Ghana and
from an area where even among ethnic
groups there is little evidence of genetic
differentiation.”” The choice of this
relatively homogeneous population
serves multiple purposes. First, because
of the ethnic homogeneity we expect the
genetic basis of the plasma levels to be
similar across individuals in our study
population. Second, this population
should be related to the source gene
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Fig 2. Box and Whisker plot of t-PA and PAI-1 levels by sex. The line in each box is the median, the edges of the boxes are the quartiles
surrounding the median. The dashed lines define the lower and upper extremes. Outliers, as defined in the text, are marked as circles.
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Table 2. Comparison of the variances of each biological and clinical measure

between females and males

Females (n=573) Males (n=427) p-value
Age (years) 118.84 160.45 <.001
Body mass index (kg/m?) 28.53 17.07 <.001
PAI-1* (ng/mL) 63.02 87.86 <.001
t-PAT (ng/mL) 22.20 33.89 <.001
Systolic blood pressure (mm Hg) 357.34 433.87 .031
Diastolic blood pressure (mm Hg) 110.90 173.61 <.001
Total cholesterol (mg/dL) 1837.52 2057.51 209
Glucose (mg/dL) 624.49 548.12 <.001
Triglycerides (mg/dL) 1943.54 3608.51 <.001

* — PAI-1, plasminogen activator inhibitor 1.
T — t-PA, tissue type plasminogen activator

pool for African Americans, yet provide
increased opportunity to detect under-
lying genetic effects because of de-
creased risk of locus heterogeneity.
Third, because Sunyani is predominant-
ly urban it mimics some of the
environmental factors that are associated
with increased risk of arterial thrombo-
sis and its sequelae in Western society.
However, to test this, we are currently
collecting samples from rural areas
within a short distance of Sunyani
where environmental risks are presum-
ably quite different.

The inital sample from Sunyani
comprised 1000 individuals with an
excess of females (57.3%), which is
consistent with, but more extreme than,
the significant excess of females in the
Sunyani population (50.3% female vs
49.7% male, P=.008) (Ghana Statisti-
cal Service 2002). Although the male
and female samples do not differ in age
at enrollment, they do differ in many of
clinical and biochemical variables that
we collected. Of note is that females had
significantly higher PAI-1 levels but not
higher t-PA levels. The higher PAI-1
levels are consistent with our observa-
tion that the female samples have
significantly higher BMI than their male
counterparts, and the fact that PAI-1 is
expressed in liver, adipose tissue and
vascular endothelium and tPA primar-
ily in vascular endothelium.***” Wom-
en also had significantly higher choles-
terol levels. This is consistent with US
data demonstrating that more African
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American women have higher choles-
terol levels than men (NHANES Health
United States 2002). In contrast to
these findings men had higher triglyc-
eride levels. Higher glucose levels wom-
en were also expected because it is well-
known that high BMI correlates with
high glucose levels*® and risk of type 2
diabetes.”””** Our results indicate that
substantial variation exists for t-PA and
PAI-1 levels and for several clinical and
demographic variables that will be
important in subsequent analyses of
the role that genetic variation plays.
Our measured PAI-1 levels are lower
than levels in several previous studies of
African Americans, where values range
from 9.8 ng/mL to 48.1 ng/mL.yF34
However, even though the BMI values
are high in our subjects, especially for
women, they are lower than those of
these other studies where mean BMI
values range from 25.8 to 34.3. The PAI-
1 levels in the earlier publications are also
based on much smaller samples, some of
which are family-based and should
therefore not represent independent
samples.30’32 In addition, several of the
other studies selected for specific dis-
tributions or over-representations of
clinical endpoints such as glucose in-
tolerance and diabetes that we did
not.>"*> The t-PA levels in studies of
African Americans range from 1.4 ng/
mL to 8.3 ng/mL,32‘34 with BMI values
higher than our study as well. Our means
of t-PA are within these published
ranges. The differences in our results
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for PAI-1, but not necessarily tPA,
probably reflect the role that increasing
BMI plays in augmenting PAI-1 levels.

The high BMI values, especially
among Sunyani women, of which
59.9% are overweight (BMI = 25.0)
and 23.6% are obese (BMI =30.0), is
similar to recent findings of Black
Africans in South Africa where 31.8%
of women were obese and an additional
26.7% were overweight.”® Similar, but
more extreme, patterns exist among
African Americans, where prevalence
of obesity is 48.8% and 27.8% for
women and men, respectively (National
Center for Health Statistics 2004).
These data suggest that the Sunyani
population is likely to be representative
of other populations of sub-Saharan
origin, but that it may be better to
study genetic factors regulating t-PA
and PAI-1 because the environment is
not yet as likely to have overwhelmed
these genetic factors.

The large number of differences
between men and women for the basic
parameters we measured suggest that it
is important to evaluate women and
men separately in subsequent analyses of
factors that affect ¢-PA and PAI-1.
Although it is possible that sex differ-
ences can be accounted for with other
independent variables such as BMI, this
possibility cannot be assumed to be true
but must be explicitly tested in all
genetic analyses. The important role of
sex in cardiovascular diseases has been
recognized for some time.*?”

In summary, we have presented
a study design to evaluate genetic factors
that affect protein expression of PAI-1
and t-PA. The data demonstrate several
significant differences between males and
females for traits that can affect risk of
thrombosis, most importantly PAI-1.
We successfully recruited subjects at our
study site and have provided descriptive
analyses of the first 1000 people of
a 2000-person study. Most importantly,
our data demonstrate consistency with
other similar but smaller studies, sup-
porting the conclusion that the Sunyani



population will serve as an excellent
cohort to study the genetic regulation
of PAI-1 and t-PA plasma levels.
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