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ABSTRACT

Background: Women with type 2 diabetes are more susceptible to coagulopathy disorders and
endothelial dysfunction. One possible explanation is the effects of different sex hormones in
inflammatory conditions. Increased plasminogen activator inhibitor-1 (PAI-1) activity has been
observed as a possible predisposing factor for coagulopathy disorders and endothelial dysfunction.
However, the effect of gender on PAI-1 in patients with type 2 diabetes (T2D) and albuminuria
has not been studied sufficiently.

Objectives: In this study, we examined whether changes of PAI-1 activity according to the
albuminuria state in patients with type 2 diabetes are different in males and females.

Materials and Methods: A matched case-control study was performed among participants with
T2D, as 38 microalbuminuric patients were matched with 38 normoalbuminuric patients who were
similar in age and body mass index (BMI). PAI-1 activity was compared between the two groups
with and without gender stratification.

Results: PAI-1 activity in microalbuminuric women was higher in comparison to that of the
normoalbuminuric controls (P-value < 0.05). There was no significant difference in PAI-1 activity
between macroalbuminuric and normoalbuminuric men. In women with type 2 diabetes and
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albuminuria, PAI-1 activity was independently and significantly associated with urinary albumin
excretion.

Conclusions: Gender differences in PAI-1 activity, seen in the early stages of diabetic
nephropathy, are a possible explanation for the higher incidence of vasculopathy in women with
type 2 diabetes

Keywords: plasminogen activator inhibitor-1; coagulopathy; microalbuminuria; type 2 diabetes;
gender

INTRODUCTION

PAI-1 is an inhibitor of fibrinolysis that may predict future risk of thrombosis and myocardial
infarction [1, 2]. Elevated PAI-1 levels have been associated with several metabolic cardiovascular
risk factors such as obesity, insulin resistance, and increased levels of glucose, insulin, proinsulin,
and blood lipids [3, 4]. The exact nature of these relationships has not been established, and the
importance of each factor may differ with gender [5, 6]. Increased PAI-1 levels are caused by PAI-
1 hyper-production within the vascular compartment. Endothelium is sensitive to thrombin,
angiotensin 1V, cytokines, biologically active lipids and oxidative stress effect, whereas on the
contrary insulin inhibits cytokine-induced PAI-1 production [7]. With that being said, PAI-1
deficiencies appear to be quite rare. Affected individuals exhibit mild to moderate bleeding
symptoms, including epistaxis, menorrhagia and delayed bleeding after trauma or surgical
procedures [8]. Moreover, PAI-1 contributes to diabetic nephropathy by regulating TGF-§ and
renal extracellular matrix production, which may be a therapeutic target in diabetic nephropathy
[9].

Elevated PAI-1 activity is associated with albuminuria in type 2 diabetes, suggesting that PAI-
1 activity may correlate with increased vascular injury [10]. In addition, gender specific association
between clotting parameter and cardio metabolic risk factors in patients with type 2 diabetes has
been previously examined [11].

To our knowledge, gender specific variation in PAI-1 activity and albuminuria has not been
established. The purpose of the present study was to determine the effect of gender on PAI-1
activity in patients with type 2 diabetes with established microalbuminuria in comparison to
normoalbuminuric patients.

MATERIALS AND METHODS:

This was a case-control study conducted between January 2015 and July 2015. The study
population consisted of 76 participants, including 38 macroalbuminuric and 38 normoalbuminuric
patients with type 2 diabetes. Cases and controls were matched by sex (22 males and 16 females
in case group and 22 males and 16 females in control group), as well as by age and BMI. The
diabetic patients were recruited from the diabetes clinic of Vali-Asr hospital affiliated with Tehran
University of Medical Sciences. Diabetes was diagnosed according to guidelines set by American
Diabetes Association [12]. The ADA criteria were also used for cutoff values of 24-hour urine
collection to diagnose microalbuminuria as 30-299 mg/24h albumin excretion and
normoalbuminuria as <30 mg/24h albumin excretion [13]. In choosing the case group, established
microalbuminuria during the 24-hour urine collection was taken into consideration. Exclusion
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criteria for type 2 diabetes patients included dialysis, glomerulonephritis, AST> 30 U/L and/or
ALT> 40 U/L, hematologic disease, congestive heart failure, stroke, autoimmune disease,
hormone replacement therapy, oral contraceptive pill use, pregnancy, hospital admission in the
previous six months, onset age of diabetes less than 30 or more than 70 years, diabetic ketoacidosis
and nonketotic hyperosmolar diabetes. Demographic and anthropometric data, including age, sex,

height, weight and duration of diabetes, were recorded. Body mass index (Kg/mz) was calculated
using the Quetelet formula. Blood pressure was measured in the sitting position and remeasured
twice after 5 minutes on average. A thorough investigation of diabetic complications was carried
out in patients with diabetes. Ischemic heart disease (IHD) was defined as previously known
coronary artery disease, positive exercise stress test or at-rest electrocardiographic finding
suggestive for IHD. A complete drug history of patients was obtained for hypoglycemic drugs,
insulin therapy, antihypertensive drugs, anticoagulant and lipid-lowering drugs. Hypoglycemic
drugs consisted of glyburide, metformin and repaglinide. Antihypertensive drugs included
captopril, enalapril, losartan, atenolol, diltiazem and amiloride. All participants were treated with
aspirin. Lipid-lowering drugs were atorvastatin and gemfibrozil. No patient was treated with
niacin, warfarin or heparin. All participants gave written informed consent before participation in
the study. This study complied with the principle of the declaration of Helsinki. In addition, the
local ethics review committee of Tehran University of Medical Sciences approved the study
protocol.

Fasting blood samples were taken after 12 hours of overnight fasting. Fresh blood was used
for the measurement of fasting blood sugar (FBS), hemoglobin A1C (HbALlc), triglycerides, total
cholesterol, low density lipoprotein cholesterol (LDL-C), creatinine, urea and uric acid. Glucose
measurements were obtained using the glucose oxidase method (intra-assay coefficient of variance
[VC] 2.1%, intra-assay CV 2.6%). HbAlc was determined through high-pressure lipid
chromatography. Total cholesterol, LDL-C, HDL-C and triglycerides levels were determined
using direct enzymatic methods (Parsazmoon, Karaj, Iran). Samples were stored in the freezer at
-20° C before plasminogen activator inhibitor-1(PAl-1) measurement. PAI-1 activity was
determined using enzyme-linked immune-sorbent assay (ELISA) technology. Creatinine was
measured using the calibrated Jaffe method, (Parsazmoon, Karaj, Iran, intra assay CV=3.3%). Urea
was measured using a colorimetric assay (Parsazmoon, Karaj, Iran). Uric acid was measured
through the calorimetric method (intra assay CV=1.27), while measurements of urinary protein
excretion were obtained through timed 24-hour urine collection. Urine protein was measured
through immunoturbidimetry (intra-assay CV=2.1%), and glomerular filtration rate (GFR) was
calculated using the modification of diet in renal disease (MDRD) formula [12].

Statistical analysis: Continuous variables were presented as mean + standard error of Mean
(SME). Categorical variables are presented as number and percentage. A chi-squared test and
paired sample t-test were used to make group comparisons as indicated earlier. A conditional
logistic regression model was utilized to evaluate outcomes (microalbuminuria and
normoalbuminuric) in the studied population. Input variables were: PAI-1, HDL-C, duration of
diabetes, systolic blood pressure, diastolic blood pressure, FBS, HbAlc, GFR, triglycerides, total
cholesterol and LDL-C. Results with a p-value of <0.05 were considered significantly significant.
Statistical Package for the Social Sciences (SPSS for windows, version 19, Chicago, IL), a
software program, was used to complete the analysis.
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RESULTS

Primary characteristics of the study population are presented in Table 1. The only observed
differences between the cases and controls were in plasma uric acid and the usage of oral
antihypertensive drugs. No significant differences were observed in matching variables between
the two groups (Table 1).

Page 487 of 493

Table 1. Baseline Characteristics of study population

Case (n=38) Control(n=38) P-value
Gender (male, female) (22,16) (22,16) -
Age (years) 58.47+1.69 57.78+1.51 NS
BMI (kg/m?) 27.15+.74 26.31+.73 NS
Waist circumference (cm) 95.88+2.91 91.77+£1.75 NS
Duration of diabetes (years) 10.69+1.53 9.19+1.13 NS
SBP (mmHg) 122.42+3.02 123.13+3.58 NS
DBP (mmHg) 71.54+1.63 72.84+1.79 NS
FBS (mg/dI) 207.41+14.03 196.58+15.08 NS
HbALC (%) 9.10+0.45 8.62+4.24 NS
HbAL1C (mmol/mol) 75.92+4.94 70.67+4.24 NS
Creatinine (mg/dl) 1.15+0.05 1.07+0.09 NS
Urea (g/24h) 35.59+2.85 33.36+2.99 NS
Uric Acid (mg/dI) 5.45+.40 3.80+.45 <0.05
Total Cholesterol (mg/dl) 187.07+8.53 184.13+8.85 NS
LDL-C (mg/dl) 107.367.04 105.74+6.79 NS
HDL-C (mg/dl) 39.31+1.48 41.95+1.80 NS
TG (mg/dl) 190.90+22.15 163.42+17.89 NS
GFR (ml/min) 65.61+3.04 77.67+6.37 NS
Microalbuminuria (mg/24h) 192.44+20.97 7.49+1.12 <0.0001
PAI-1 (ng/ml/h) 35.97 + 2.46 28.07 £ 2.60 0.02
IHD n (%) 4 (11) 2 (6) NS
Medication
Oral Hypoglycemic drug n (%) | 28(74) 33(87) NS
Insulin n (%) 12(31) 8(21) NS
Antihypertensive n (%) 23(61) 11(29) <0.01
ARB (n) 14 7
ACEI (n) 8 5
CCB n (%) 1 2
beta-blocker n (%) 4
Lipid-lowering n 25(66) 23(61) NS
(%) statin (n) 23 19
fibrates (n) 3 4
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Higher PAI-1 activity was associated with many factors, including high BMI and waist
circumference, high triglyceride concentration, and high total HDL-cholesterol ratio. In addition,
young age and a shortened duration of diabetes, two confounding factors, were also associated
with higher PAI-1 activity. Through a multivariate linear regression analysis that adjusted for
confounding factors, the strongest predictors of high PAI-1 activity were calculated. The levels of
PAI-1 activity, waist circumference and BMI in the study groups are presented in Table 2. PAI-1
activity was significantly higher in the case group when compared to that of the control group
(p=0.02). There was no significant difference in BMI or waist circumference between the two
groups. When comparing the case and control males, there was no significant difference found in
PAI-1 activity between microalbuminuric and normoalbuminuric males. On the contrary, female
participants with microalbuminuria had higher PAI-1 activity levels when compared to the
normoalbuminuric controls, while there was no significant difference in BMI and waist
circumference between the two groups (table 2).

Table 2. PAI-1 levels, Waist circumference, BMI and CVD in study groups according to gender

Case (n=38) Control (n=38) p-value
PAI-1 (ng/ml) Male 29.04 + 2.69 26.04 +2.22 0.35
Female 45.06 + 3.35 20.75+5.29 0.04
Total 35.95+2.46 28.07+2.60 0.02
W.C (cm) Male 92.80+9.56 91.40+10.02 0.648
Female 99.13+24.55 92.56+10.87 0.338
Total 95.88+2.91 91.77+1.75 0.567
BMI (kg/m?) Male 25.56+3.59 24.66+3.24 0.396
Female 29.12+4.93 28.84+4.93 0.875
Total 27.15+0.74 26.31+0.73 0.567
CVD (%) Male 2(9.9) 2(9.9) 0.80
Female 3(18.7) 0 (0%) 0.06
Total 6 (15.7) 5(13.1) 0.80

Table 3 shows the results of a conditional logistic regression model which considered albuminuria
as the outcome variable. There was a positive correlation between PAI-1 activity and
microalbuminuria (OR: 1.462, p-value: 0.041).
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Table 3. Conditional logistic regression was employed to study variables influencing
Microalbuminuria in patients with T2D

Odds Ratio 95% Confidence interval P-value
PAI-1 1.462 1.017- 2.102 .041
HDL-C .988 .892-1.094 .816
Duration of diabetes 1.049 .936- 1.175 409
BMI 1.339 .933-1.922 114
Age 1.127 .881-1.440 341
SBP 1.005 .962- 1.050 .818

Figures 1 and 2 show the PAI-1 activities of diabetic men and women respectively, while also
comparing the cases (microalbuminuric) and controls (normoalbuminuric).
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Figure 1. Presenting plasma PAI-1 activities in pairs of diabetic women with albuminuria (cases)
and without albuminuria (controls)
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Figure 2. Presenting plasma PAI-1 activities in pairs of diabetic men with albuminuria (cases) and
without albuminuria (controls).
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DISCUSSION

The main finding of this study was that diabetic women with microalbuminuria have significantly
increased PAI-1 activity in comparison to diabetic women with normoalbuminuria. This result was
not observed in the male participants. Many studies have found that PAI-1 activity increases in
patients with T2D [10,14]. Increased PAI-1 activity is an important predictor for developing
microangiopathy and endothelial damages [15]. Moreover, dysfunction of fibrinolysis has been
suggested as a possible link between microalbuminuria and cardiovascular disease [16].

Animal studies demonstrate that PAI-1 contributes to diabetic nephropathy by regulating
TGF-p and renal extra matrix production. They suggested that PAI-1 suppression through
fenofibrate or angiotensin converting enzyme inhibitors (ACEI) delayed the progression of
diabetic glomerular injury in experimental diabetes [17, 18]. Susanne et al. (2005) reported PAI-1
deficiency retarded diabetic nephropathy in rats. They believed that suppression of PAI-1 activity
may be a therapeutic target in diabetic nephropathy [9].

On the other hand, abnormalities of hemostasis and the fibrinolysis system are strongly
associated with atherosclerotic disease [19]. Kario et al. reported PAI -1 activity increased in
diabetic patients with microalbuminuria compared to those with normoalbuminuria, suggesting
endothelial cell damage. [20].

The effect of gender on the relationship between PAI-1 activity and microalbuminuria has not
been previously determined. It is possible that fibrinolysis impairment, due to elevated PAI-1
activity in the early stages of diabetic nephropathy, may be more prominent in women than men.

Women have significantly higher plasma levels of total cholesterol, TG, LDL-C, HDL-C,
lipoprotein A and apolipoprotein B [21, 22]. Furthermore, urinary albumin excretion, which is
more severely pronounced in women, is associated with insulin resistance and cardiovascular risk
factors in patients with type 2 diabetes [23]. Insulin resistance is also significantly correlated with
elevated PAI-1 level, waist circumference, BMI, triglyceride levels, fasting blood glucose and
HbALc in type 2 diabetes [16, 24].

In addition, increasing evidence shows that obesity increases PAI-1 production in ectopic fat
tissue, while weight loss decreases the production [25, 26]. Elevated PAI-1 activity in women with
android fat distribution could be mediated by sex hormones, as postmenopausal hormone
replacement results in decreased PAI-1 activity [27, 28]. Saad et al. (2012) found that women with
type 2 diabetes have a pro-thrombotic fibrin profile which exhibits gender-specific associations
with anthropometric and metabolic factors [11]. Furthermore, Stefan et al. demonstrated that
denser fibrin clots and resistance to fibrinolysis in women, which is not fully explained by
fibrinogen or PAI-1 activity, may contribute to the loss of cardiovascular protection in females
with diabetes [23]. Moreover, increased waist circumference, BMI and lower HDL-C levels in
diabetic women with albuminuria were associated with a pro-thrombotic clot phenotype [11, 29].
The increased amount of visceral fat in women with type 2 diabetes may contribute to increased
PAI-1 activity and subsequent increased risk for thrombo-vascular disease, regardless of BMI and
total fatness [30]. However, it has been suggested that visceral adiposity could lead to portal non-
stratified fatty acids (NEFA) accumulation, which may stimulate hepatic PAI-1 production. The
inhibition of lipolysis is mainly linked to plasma insulin concentrations but may be impaired in
those with diabetes [27].
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On the other hand, PAI-1 is classified as an acute phase protein, and inflammatory cytokines
have been shown to induce PAI-1 production in endothelial cells [25] and in the liver [31]. The
same cytokines have been shown to promote vascular inflammation and atherosclerosis [25].
Women have been shown to secrete higher levels of inflammatory cytokines, such as interleukin
6, and have a greater response to stress [32]. Moreover, hyperglycemia-induced oxidative stress
and reduced levels of NO within the vasculature have been suggested to increase PAI-1 production
[33]. Previous studies have shown that patients with albuminuria have higher serum heat shock
protein 70 (HSP-70) levels. Levels of these heat shock proteins, which are markers of oxidative
stress, are significantly higher in diabetic women in comparison with diabetic men [32]. In
addition, diabetes induces impaired cellular defense mechanisms against oxidative stress, which is
more prominent in women [33]. Therefore, diabetic women are more susceptible to endothelial
damages, which act as predisposing risk factors for complications of type 2 diabetes.

Conclusively, in women with type 2 diabetes and albuminuria, PAI-1 activity was
independently and significantly associated with urinary albumin excretion. Elevated PAI-1 activity
is partly responsible for susceptibility to diabetic complications in women when compared with
men. Different effects of sex hormones in inflammatory conditions could be a possible
explanation.

Although this study was a well-designed, matched case-control study, its main limitation was
an inadequate sample size for predicting exact correlations. In addition, determining whether
increased PAI-1 activity leads to microalbuminuria, or vice versa, remains unknown. The authors
suggest further cohort studies to determine whether such relationship exists.

List of Abbreviations: BMI, body mass index; SBP, Systolic blood pressure; DBP, diastolic blood
pressure; FBS, fasting blood sugar; HbA1C, hemoglobin A1C; LDL-C, low density lipoprotein
cholesterol; HDL-C, high density lipoprotein cholesterol; TG, Triglyceride; GFR, glomerular
filtration rate; PAI-1, plasminogen activator inhibitor 1; IHD, ischemic heart disease; ACEI,
angiotensin converting enzyme inhibitor; ARB, aldosterone receptor blocker; CCB, calcium
channel blocker.
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