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ABSTRACT

Background: PAI-1 is the main inhibitor of fibrinolysis. Increase in PAI-1 levels has been associated with the risk of coronary
disease; however, there are few studies on the relationship between subclinical atherosclerosis and PAI-1 levels. Objective: The
aim of this study was to analyze the relationship between PAI-1 level and carotid intima-media thickness in premenopausal and
postmenopausal women without apparent cardiovascular disease. Material and Methods: A cross-sectional study was conducted
in 142 women aged 45 to 60 years with no history of cardiovascular disease. Anthropometric and laboratory measurements
were performed, including PAI-1 levels. All participants underwent a B-Mode ultrasound to measure intima-media thickness.
Subclinical atherosclerosis was considered when intima-media thickness was = 0.7 mm and/or an atheromatous plaque was
observed. Results: Postmenopausal women had greater intima-media thickness than premenopausal women (0.688 + 0.129 vs.
0.621 £ 0.113 mm; p < 0.05). Compared to women with normal intima-media thickness, women with subclinical atherosclerosis
had higher PAI-1 levels (23.2 £ 13.7 vs. 30.4 + 20.7 ng/ml; p < 0.05). In all participants, intima-media thickness correlated with
PAI-1 (r = 0.302; p = 0.01) and with age (r = 0.358; p = 0001). Conclusions: An increase in intima-media thickness was
observed in postmenopausal women compared with premenopausal women. Asymptomatic women with increased intima-media
thickness had higher PAI-1 levels. These findings suggest that fibrinolytic activity is low in the subclinical stage of atherosclerosis.
(REV INVES CLIN. 2015;67:122-9)
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BACKGROUND

The risk of cardiovascular disease increases consider-
ably in women after the age of 50!. This increased
risk has been explained by an estrogen decline associ-
ated with redistribution of body fat to an intra-abdom-
inal predominance, changes in serum lipid profile, and
modifications in hemostasis that lead to a prothrom-
botic state, among other factors?.

One of the hemostatic changes that can be observed
in postmenopausal women is a decrease in fibrinolytic
activity due to an increase in plasminogen activator
inhibitor-1 (PAI-1) levels2>-6. Several studies have found
arelationship between coronary disease and an increase
in PAI-1 levels”:8. Thus, elevated PAI-1 has been con-
sidered a marker of cardiovascular risk (CVR) and a
prognostic indicator for acute myocardial infarction?>?.

The expression of PAI-1 has been observed in arteries
that are affected by atherosclerosis, which suggests its
participation in the pathogenesis and progression of
atherosclerotic disease!%13. Atherosclerosis is a degen-
erative process featuring growth of the intima-media
layerst#15. Studies have demonstrated that intima-
media thickness (IMT) of the carotid artery measured
by ultrasonography is useful as an independent pre-
dictor of cardiac eventst®17,

Increased PAI-1 levels have been found in patients with
clinical manifestations of atherosclerotic disease!®1°.
Another study found a relationship between IMT and
PAI-1 levels in young adults?°. However, there is little
information regarding PAI-1 levels in menopausal wom-
en with subclinical atherosclerosis.

OBJECTIVE

The main objective of this study was to analyze the
relationship between PAI-1 plasma levels and IMT of
the carotid artery in pre- and postmenopausal women
without apparent cardiovascular disease.

MATERIAL AND METHODS
Study population

We studied 270 women aged 45 to 60 years, without
apparent cardiovascular disease, and who consecu-
tively attended the Medical Research Unit in Endocrine
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Diseases of the National Medical Center, Mexican
Social Security Institute (Unidad de Investigacion Médica
en Enfermedades Endocrinas, Centro Médico Nacional,
IMSS). Exclusion criteria were clinical data or history
of cardiovascular disease, diabetes, hepatic and/or
renal failure, endocrine disease, or hematological dis-
ease. Participants who were found to be under hor-
monal treatment or receiving any other medication that
could affect hemostatic function were also excluded.
A total of 142 women who met the inclusion criteria
were ultimately selected for this study. The study was
approved by the Ethics Committee of the Mexican Social
Security Institute. Subjects who agreed to participate
signed an informed consent form.

Participants underwent a clinical examination; body
weight, height, and arterial pressure were measured.
Body mass index (BMI) was calculated by dividing the
weight by the square of the height (kg/m?). With
the participant standing, the waist circumference was
measured at the midpoint of the distance between
the iliac crest and the inferior border of the last rib.

Menopausal state

The diagnosis of menopause was established based
on a history of amenorrhea of one year or more, estra-
diol concentration < 20 pg/ml, and follicle-stimulating
hormone concentration > 30 mlU/ml.

Intima-media thickness assessment

To measure IMT, participants were placed in the supine
position with slight neck extension. Both common ca-
rotid arteries were assessed using pulsed color Doppler.
The average thicknesses of the intima-media layer of
the posterior wall of the right and left common carotid
arteries and the existence of atheromatous plaques
were evaluated according to the Mannheim Consen-
sus?l. The study was completed using a high-resolu-
tion B-mode ultrasonography device (Aloka-o.7 multi-
frequency linear transducer). All measurements were
taken by the same operator. Participants with an IMT
of < 0.7 mm were considered normal. Subclinical athero-
sclerosis was considered when the IMT was = 0.70 mm
and/or atheromatous plaques were observed?2.

Laboratory Procedures

Peripheral venous samples were taken from partici-
pants at 8:00 AM after a fast of = 10 hours. Each
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blood sample was collected in two tubes, one contain-
ing sodium citrate and the other without anticoagulant.
Samples were centrifuged at 3,000 rpm for 15 minutes
at 4°C, and aliquots of plasma and serum were pre-
pared for testing. Aliquots for measuring PAI-1 and in-
sulin levels were stored at —70°C until assayed. Plasma
concentrations of PAI-1 were measured by enzyme-
linked immunosorbent assay (BioVendor, USA). Serum
insulin and estradiol were measured using radioim-
munoassay (Millipore, Billerica, MA, USA).

Determination of other cardiovascular
risk factors

Serum glucose, high-density lipoprotein (HDL) choles-
terol, and triglyceride levels were determined using
enzymatic methods with Spinreact reagents. The insulin
resistance index was calculated using HOMA (homeo-
stasis model assessment): insulin (mU/ml) x glucose
(mmol/1)/22.523,

Genomic DNA was obtained from peripheral blood using
a commercial kit (Invitek GMBH, Berlin, Germany) ac-
cording to the manufacturer’s instructions. Genotyping
of the 4G/5G polymorphism in the PAI-1 promoter
region was performed by PCR using the following oli-
gonucleotides: 5-CACAGAGAGAGTCTGGCCACGT-3’
(sense) and 5 CCAACAGAGGACTCTTGGTCT-3’ (an-
tisense). Amplification products of 99 bp (5G) and 98
bp (4G) were obtained?4. Products were subjected to
digestion with specific restriction enzyme Bsl-1 (Fer-
mentas, Life Sciences, Hamilton ON, Canada). The DNA
fragments were separated by electrophoresis in 2%
agarose gels and visualized using ethidium bromide.

The diagnosis of metabolic syndrome was established
according to the International Diabetes Federation
(IDF) definitions for clinical practice2>26. Criteria were
waist circumference > 80 cm in addition to two of the
following: fasting glucose > 100 mg/dl, triglycerides
> 150 mg/dl, HDL cholesterol < 50 mg/dl or taking
lipid-lowering medications, systolic pressure = 130 and/
or diastolic pressure > 85 mmHg, or taking antihyper-
tensive medications.

Statistical analysis
The qualitative variables are expressed as frequencies

and the quantitative variables, as mean * standard
deviation (M * SD). Mann-Whitney test was used to
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compare quantitative measurements. Spearman test
was used to establish correlations between PAI-1, ca-
rotid IMT, and other variables. A multivariate regres-
sion model was generated to determine the influence
of anthropometric, metabolic, and hormonal variables
on IMT. Values of p < 0.05 were considered significant.
Analyses were performed using SPSS, version 20.0.

The sample size of this study had sufficient statisti-
cal power to identify a correlation between IMT and
PAI-1 of at least 0.30 and to detect a difference in
the concentration of PAI-1 of = 25% between the
groups with normal and increased IMT.

RESULTS

The mean age of participants was 52 + 5.4 years;
69.7% were found to be in the postmenopausal stage
(Table 1).

Menopausal State

Compared with premenopausal women, postmeno-
pausal women had higher waist circumference (91.9 +
11.5vs.87.1 £9.2 cm; p <0.05),BMI (28.1 + 4.8 vs.
27.0 £ 3.9; p < 0.05), glucose levels (89.1 + 24.0 vs.
80.2 £ 12.5 mg/dl; p < 0.05), insulin resistance (4.8 *
3.35 vs. 3.12 £ 1.52) and IMT (0.688 + 0.129 vs.
0.621 £0.113 mm; p = 0.014). Other factors including
blood pressure and smoking were similar in both
groups (Table 1).

Intima-media thickness and PAI-1

When the population was analyzed according to IMT,
79 participants (55.6%) were classified in the sub-
clinical atherosclerosis group, 10 of whom had athero-
sclerotic plaque. The PAI-1 levels were higher in women
with subclinical atherosclerosis compared to women with
normal IMT (30.4 £ 20.7 vs. 23.2 £ 13.7 ng/ml; p
< 0.05) (Fig. 1). Women with subclinical atherosclero-
sis also had an increase in other CVR factors, including
glucose, triglycerides, low-density lipoprotein (LDL)-
cholesterol and C-reactive protein levels as well as
increased insulin resistance; however, only age was
significantly different (Table 2).

Analysis of the correlation between IMT, PAI-1, and
the metabolic variables is shown in table 3. A positive
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Table 1. Characteristics of the study participants

Characteristics Premenopausal Postmenopausal Total
(n=43) (n=99) (n =142)
Age (years) 46.6 = 2.1 548 +55 525+ 54
BMI (kg/cm?) 27.0 £ 3.9 28.1 £+ 4.8 28.1 £ 4.8
Waist circumference (cm) 87.1 9.2 91.9 + 11.5% 90.9 £11.5
Systolic blood pressure (mm/Hg) 107.5 £ 156 1122 £ 145 110.9 £ 14.8
Diastolic blood pressure (mm/Hg) 722 84 752 £93 74.5 £ 9.3
Fasting glucose (mg/dl) 80.2 £ 125 89.1 + 24.0% 86.9 £ 219
Current smoker n (%) 3(6.9) 7 (7.1) 10 (7.0)
Total cholesterol (mg/dl) 208.8 = 37.3 2419 + 52* 235.7 + 50.4
Triglycerides (mg/dl) 155.2 £ 85.3 181.2 £119.1 173.2 +108.1
HDL-cholesterol (mg/dl) 56.6 + 10.7 54.2 +145 55.2+ 140
HOMA-IR 3.12 £1.52 4.8 + 3.35" 435+ 3.10
Insulin (mUI/ml) 155+7.2 213 +12.8" 19.7 £ 11.5
PAI-1 (ng/ml) 26.6 £21.0 28.0£18.1 27.0+£16.0
IMT (mm) 0.621 £0.113 0.688 = 0.129* 0.667 £ 0.126

*The p value represents the difference between premenopausal and postmenopausal women; *p < 0.05, fp < 0.01.
BMI: body mass index; HOMA-IR: insulin resistance index determined by Homeostasis Model Assessment; PAI-1: plasminogen activator inhibitor

type-1; IMT: intima-media thickness of the carotid artery.

correlation was found between IMT and PAI-1, as
well as with glucose levels and insulin resistance. The
relationship between IMT and the concentration of
estradiol was negative (r = —0.181; p = 0.04), which
was even more evident in postmenopausal women
(r =-0.326; p = 0.04).

PAI-1 and other cardiovascular risk factors

Of all the participants, 47 (33.1%) had metabolic syn-
drome. Consequently, compared with women without
metabolic syndrome, this group had greater central
obesity (95.5 £ 10.8 vs. 88.6 + 11.6; p < 0.01), higher
glucose (97.3 + 19.8 vs. 81.7 £ 10.1; p < 0.01), tri-
glycerides (239.2 £ 42.6 vs. 140.4 + 65.4; p < 0.01),
blood pressure (116.0 + 16.4/76.7 + 9.8 vs. 108.3
13.2/73.4 + 9.8; p < 0.01), and insulin resistance
(6.31 £ 442 vs. 3.44 = 1.66; p < 0.0001), and lower
HDL cholesterol (45.1 £ 11.2vs. 60.1 £ 12.5;p <0.01).

The concentration of PAI-1 was higher in women with
metabolic syndrome, although the difference was not
statistically significant. However, in the group of pre-
menopausal women, a significant increase in PAI-1
was found among women with metabolic syndrome
(49.9 £13.5vs.24.5 £ 14.4; p < 0.01). Other findings
were the correlation of PAI-1 with BMI (r = 0.227;
p = 0.02), waist circumference (r = 0.182; p < 0.05),
and insulin resistance (r = 0.425; p < 0.0001).
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A multiple regression analysis was performed to esti-
mate which variables could predict IMT measures. The
independent variables included were age and meno-
pausal state as well as estradiol, blood pressure, triglyc-
eride, total cholesterol, HDL cholesterol, glucose, insulin
resistance, 4G/5G polymorphism, and PAI-1 levels. Age
was the variable with the greatest influence on IMT
(Betandardized = —0-117; p < 0.05). After adjusting for
age, it was found that, in addition to PAI-1, the con-
centration of estradiol and the degree of insulin resis-
tance influenced IMT (B =0.0223;p < 0.05).

standardized —

Figure 1. Concentration of PAI-1 in women with normal inti-
ma-media thickness of the carotid artery and subclinical
atherosclerosis as determined by an increased intima-media
thickness.
40+
35+
30
25 i
20
15+
10+

54

0

*p <0.05

PAI-1 (ng/ml)

Normal IMT Subclinical

atherosclerosis

PAI-1: plasminogen activator inhibitor-1; IMT: intima-media thickness.
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Table 2. Characteristics of participants with normal IMT and subclinical atherosclerosis

Characteristics Healthy Subclinical atherosclerosis p
(n=63) (n=79)

Age (years) 50.4 £ 4.2 542+ 65 0.0001
BMI (kg/cm?) 28.2+49 28.1 4.7 NS
Waist circumference (cm) 90.7 £ 11.0 91.2 +£12.0 NS
Systolic blood pressure (mmHg) 110.1 £13.6 1115+ 157 NS
Diastolic blood pressure (mmHg) 74.6 £9.2 743 £9.5 NS
Fasting glucose (mg/dl) 83.3+ 1438 89.8 + 26.0 0.051
Total cholesterol (mg/dl) 229.3 £ 53.6 239.6 + 48.8 NS
Triglycerides (mg/dl) 162.6 £ 111.5 181.8 £ 105.3 NS
HDL-cholesterol (mg/dl) 56.7 £12.8 54.0 + 14.8 NS
LDL-cholesterol (mg/dl) 1425+ 45.8 151.2 + 440 NS
C-reactive protein (mg/1) 32+24 40+29 NS
HOMA-IR 3.8+20 4.7 + 3.7 0.07

The p value represents the difference between women with subclinical atherosclerosis and healthy.
BMI: body mass index; HOMA-IR: insulin resistance index determined by Homeostasis Model Assessment; NS: non significant.

DISCUSSION

In this study, the most important finding was a direct
correlation between circulating levels of PAI-1 and the
IMT of the carotid artery in women older than 45 years
without clinical evidence of cardiovascular disease.

PAI-1 is an inhibitory protein of the fibrinolytic system

that is mainly synthesized in the vascular endothelium,

Table 3. Correlation between carotid artery intima-media
thickness and clinical and laboratory data

r p

Age 0.358 0.0001
BMI -0.052 NS
Waist circumference 0.030 NS
Blood pressure

— Systolic 0.026 NS
— Diastolic 0.010 NS
Fasting glucose 0.147 0.04
Total cholesterol -0.168 NS
Triglycerides -0.036 NS
HDL-cholesterol 0.017 NS
LDL-cholesterol 0.135 0.06
Estradiol -0.181 0.04
C-reactive protein 0.106 NS
Insulin 0.079 NS
HOMA-IR 0.188 0.04
PAI-1 0.302 0.01

BMI: body mass index; HOMA-IR: insulin resistance index determined
by Homeostasis Model Assessment; PAI-1: plasminogen activator
inhibitor type-1; IMT: intima-media thickness of the carotid artery;
NS: non significant.
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in addition to the liver, adipose tissue, and platelets?’.
The PAI-1 likely plays an important role in the athero-
genesis process?®2°. Some clinical studies have con-
firmed increased levels of PAI-1 in patients with estab-
lished atherosclerotic disease!®193031 The increase in
circulating PAI-1 produces a state of hypofibrinolysis
and an increase in fibrin deposits in the atheroscle-
rotic plaque'®. Additionally, PAI-1 that is located in the
atherosclerotic plaque regulates cellular migration and
adhesion3%-32, Its overexpression at this site can lead to
the formation of an occlusive thrombus?733 and indi-
cates changes that render the plaque vulnerable and
at greater risk for rupture34-37.

Previous studies have shown that patients with symp-
tomatic atherosclerosis and myocardial infarction have
elevated PAI-1. In our study, we also found that meno-
pausal women have increased PAI-1 levels even in the
subclinical stage of atherosclerosis. Similarly, but in
another physiopathological context, patients with pri-
mary antiphospholipid antibody syndrome also have
increased PAI-1 and IMT32. This suggests that the in-
creased thrombotic risk in both clinical entities could
be at least partially explained by decreased fibrino-
lytic activity through increased PAI-1.

In our study, the diagnosis of subclinical atherosclerosis
was made by measuring the IMT of the carotid artery
and following criteria from the Mannheim Consensus
for the early identification of atherosclerosis and the
Latin American study CARMELAZ2324, Measuring IMT
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of the carotid artery is useful for the detection of both
the subclinical stages and already established athero-
sclerosis37-41, In a meta-analysis, it was demonstrated
that an increase of 0.1 mm in the IMT elevates the
future risk of myocardial infarction by 10-15% and of
cerebral vascular disease by 13-18%442. Therefore,
the identification of subclinical atherosclerosis using
IMT could be of great use in stratifying high-risk groups,
such as postmenopausal women with other associated
CVR factors. This information will support the imple-
mentation of strategies for the prevention of cardiovas-
cular events. Nonetheless, further studies are needed
to identify the reference values for IMT in specific pop-
ulations and to identify patients with increased CVR. To
date there has been no global consensus on the pro-
tocols for measuring IMT of the carotid artery and on
which arterial segment it should be evaluated“3.

Another observation from this study is that there is an
increase in IMT in postmenopausal compared with pre-
menopausal women, which could be interpreted as an
increase in CVR in the former group. This observation
is similar to previous studies that found an increased
IMT in postmenopausal compared to premenopausal
women#445. The greater CVR in postmenopause is re-
lated to an estrogen decline and to other factors in-
cluding endothelial dysfunction*é. This finding sup-
ports the concept that estrogen deficit contributes to
the development of early atherosclerosis*’. Neverthe-
less, it is debated whether menopause is an indepen-
dent determinant of IMT because other studies have
suggested a stronger correlation with age*%48. Aging is
considered an independent determinant of increased
CVR#%30 and it has been found that carotid artery IMT
increases by 0.01 to 0.02 mm for each year of life5°.

Our results also suggest that increases in IMT and PAI-1
could be influenced by other elements such as insulin
resistance; in turn, insulin resistance is related to other
factors including menopause, aging, and hyperlipid-
emia>l. Insulin plays an important role in the mainte-
nance of blood vessel homeostasis, and the presence of
insulin resistance can be one of the connections between
different risk factors that affect endothelial function®2->4,

We found that premenopausal women with metabolic
syndrome had higher PAI-1 levels compared to those
without the syndrome. In postmenopausal women this
difference was not significant. Probably due to the char-
acteristics of this group, such as increase of BMI, central
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obesity, and insulin resistance, we could not observe
differences in PAI-1 levels. Such factors are determi-
nants on PAI-1 concentrations>!. Previous studies have
shown that obese subjects with insulin resistance, but
without metabolic syndrome comorbidities, have high
PAI-1 levels>>. It has also been proposed that PAI-1
acts as a causative factor in the development of the
metabolic syndrome>6.

In this study we did not find an association between
IMT and 4G/5G polymorphism of the PAI-1 gene, a
result that is similar to other studies®”. However, further
studies are needed in our population with a larger
sample size to rule out a possible association of this
polymorphism with carotid artery IMT.

One limitation of our study is its cross-sectional design,
which prevents the demonstration of causality between
circulating PAI-1 levels and carotid artery IMT. Data
from longitudinal studies are needed to establish the
mechanism by which circulating levels of PAI-1 affect
the atherosclerosis process because it is still not known
whether circulating PAI-1 leads to vascular damage,
or if vascular changes cause an increase in PAI-1.

To our knowledge, this is the first study in postmeno-
pausal women that describes changes in fibrinolysis
during the subclinical stage of atherosclerosis. Ac-
cording to cross-sectional and longitudinal studies, an
increase in carotid IMT precedes the appearance of
atherosclerotic plaque#!:>8. Thus, the identification of
increased IMT could be relevant in postmenopausal
women due to the higher incidence of cardiovascular
disease in this stage of life.

In summary, in this study of asymptomatic women
without apparent cardiovascular disease, carotid ar-
tery IMT was increased in postmenopausal compared
with premenopausal women. A positive correlation was
found between IMT and circulating levels of PAI-1.
Data suggest that hypofibrinolysis is present even in
the subclinical stage of atherosclerosis. This observa-
tion could be relevant for the prevention of cardiovas-
cular disease during menopause, a state with greater
risk of thrombotic events.
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