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Abstract

inhibitor-1.

HOMA-IR (r=0.5, p=0.02).

Background: Plasminogen activator inhibitor-1 (PAI-1) is mainly produced in the liver and in the adipose tissue.
Normal fibrin clearance mechanisms were found to be affected by high plasma PAI-1 levels and thus increases risk
of thrombosis. The aim of the current study was to expound the childhood obesity effect on circulating PAI-1 and
interpret the relation of PAI-1 to metabolic syndrome. This cross-sectional study was conducted on 43 obese
children following in the Children Hospital and compared to 44 healthy sex- and age-matched controls. Al
recruited cohort are subjected to anthropometric measurements: weight, height, BMI, waist circumference, hip
circumference, and skin fold thickness (biceps, triceps, and subscapular), and laboratory investigations in the form of
lipid profile, fasting blood sugar, fasting insulin, insulin resistance estimated by HOMA-IR, and plasminogen activator

Results: The level of plasminogen activator inhibitor-1 in the obese group was significantly higher than that in the
control group (47.98 + 1742 vs. 2800 + 11.35 respectively). PAI-1 showed positive significant correlation to
anthropometric measurements: BMI (p = 0.000), weight (p = 0.000), biceps skin fold thickness (p = 0.04), triceps skin
fold thickness (p =0.4), and subscapular skin fold thickness (p =0.04). Also, a significant positive correlation was
found between PAI-1 and systolic (p =0.000) and diastolic blood pressure (p =0.04). Positive correlations were
found between PAI-1 and cholesterol (p = 0.000), triglycerides (p = 0.02), LDL-c (p =0.000), insulin (p =0.000), and

Conclusion: Fat mass accumulation is related to high PAI-1 levels, which might in turn contribute to cardiovascular
risk. Plasminogen Activator Inhibitor-1 is a good predictive test for metabolic syndrome in obese children.
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Background

It was found that thrombosis associated with obesity is
mostly induced by inefficient fibrinolysis and chronic in-
flammation [1]. Plasmin is responsible for the instant
breakage of any fibrin clot in a very important physio-
logical process called fibrinolysis. Plasminogen activator
inhibitor-1 (PAI-1) is the main regulator of fibrinolysis.
It is a serine protease inhibitor which is secreted by the
liver, adipose tissue, and vascular endothelium [2]. PAI-1
is responsible for the inhibition of the fibrin degradation
process endogenously. It works through blockage of the

* Correspondence: marwa.mira@kasralainy.edu.eg

"Diabetes Endocrinology and Metabolism Pediatric Unit (DEMPU),
Department of Pediatrics, Faculty of Medicine, Cairo University, Kasralainy
street, Cairo 12411, Egypt

Full list of author information is available at the end of the article

@ Springer Open

action of tissue plasminogen activator and the
urokinase-type activator, which consequently leads to
the accumulation of fibrin in the interstitial tissues and
the basement membranes [3-5]. Also, increased PAI-1
levels decrease normal fibrin degradation mechanisms
and cause thrombosis [6]; it was believed that PAI-1 has
a role in the development of the main components of
the metabolic syndrome, and the increased PAI-1 levels
are thought to be related positively to obesity and insulin
resistance [7-9].

PAI-1 has been shown to be elevated in metabolic syn-
drome and generally is correlated with the number of
components of metabolic syndrome present, such that
the more severe the metabolic syndrome, the higher the
PAI-1 levels [10, 11].
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Aim of the work

The present study was done to investigate the impact of
childhood obesity on circulating PAI-1 and its relation-
ship to anthropometric measurements, insulin resist-
ance, fasting blood sugar, and lipid profile. It also
investigates the role of PAI-1 as a predictor for meta-
bolic syndrome in the pediatric population.

Methods

The present work is a cross-sectional study conducted
on 43 obese children recruited from Childrens’ Hospital.
Cases were compared to 44 healthy children, age and
sex matched; they had normal BMI according to the
Egyptian growth charts (2002) [12], with no clinical evi-
dence or family history of obesity or metabolic syn-
drome. Patients recruited in the study had simple
exogenous obesity with ages from 7 to 12 years. Obesity
is defined as BMI at or above the 95th percentile for chil-
dren of the same age and sex according to the Egyptian
growth curves [12, 13]. We meant by simple exogenous
obesity, obesity not due to identified pathological cause,
e.g., syndromic or endocrinological cause.

Patients excluded from the study were those with
identified syndromes and chromosomal defects or
endocrinal disorders causing obesity, those who were on
medications like glucocorticoids or any affecting clotting
profile, any diseases affecting fibrinolytic states (e.g., car-
diovasular disease, hematological disease), and children
with type 1diabetes.

Patients recruited in the study were subjected to de-
tailed history taking, duration of obesity, history of any
present or past illness (renal, hepatic, endocrinal), his-
tory of drug intake, and family history of obesity, and
hypertension, and thorough physical examination, the
data of the systolic and diastolic blood pressure were
plotted on blood pressure tables for children and adoles-
cents of the fourth report on the diagnosis, evaluation,
and treatment of high blood pressure in children as in
National High Blood Pressure Education Program [14].

Weight was measured using Seca scale Balance. Height
was measured using a stadiometer. Body mass index was
calculated as weight in kilograms divided by the square
of height in meters (wt (kg)/Ht (m)?). Data obtained
were plotted on the Egyptian Growth charts (2002) [12].

Waist circumference was measured at the end of gen-
tle exhaling; a non-stretchable stain steal tape was held
at a level midway between the lower rib margin and iliac
crest all around the body in horizontal position parallel
to the floor. Hip circumference is measured at the max-
imum protuberance of the buttock. Waist/hip ratio was
then calculated [15].

Laboratory tests were done for all recruited subjects.
Serum lipid profile {total serum cholesterol (TC), serum
triglycerides (TG), high-density lipoprotein (HDL)} on a
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venous clotted sample type was centrifuged, and the
serum was isolated by the device (Beckman, Synchron
chemical system CK5). Assay of serum LDL cholesterol
(LDL) was calculated from three primary measurements
with the use of the Friedewald equation [16]. Fasting
blood glucose was assayed using direct method by the
device (Beckman, Synchron chemical system CK5) enzy-
matically, and fasting serum insulin was determined by
immunoenzymometric assay using the Emmulite appar-
atus. Insulin resistance was estimated by using the
homeostasis model assessment (HOMA) according to
the following formula: HOMA = fasting serum insulin
(IU/ml) x fasting serum glucose (mg/dL)/405 (insulin re-
sistance being defined as a HOMA index >3.16). The
greater the HOMA value, the greater the level of insulin
resistance [17].

The current study used the following criteria for diag-
nosing metabolic syndrome (MetS). MetS was consid-
ered if three or more of the following criteria were
present: abdominal obesity (WC >90th percentile for
age and sex); fasting TG =110 mg/dl; HDL <40 mg/dl;
systolic/diastolic BP > 90th percentile for age, sex, and
height; and fasting glucose = 100 mg/dl [18-20].

Assessment of plasminogen activator inhibitor-1 was
done by enzyme-linked immunoassay (ELISA); this assay
recognizes recombinant and natural human PAI-1. No
significant cross-reactivity or interference was observed.
We calculated the mean value of the duplicate or tripli-
cate readings for each standard and sample (from:
Assaypro LLC, 30 Triad South Drive St. Charles, MO
63304.catalog No. EP1100-1. Lot NO. 01491425).

Statistical methodology

Statistical analysis was performed using Statistical Pack-
age for Social Sciences (SPSS°) for Windows® version
16.0. Measured data was described as mean and stand-
ard deviation (for parametric variables), number, and
percentage (for categorical variables). Difference between
the two groups was measured using unpaired Student’s ¢
test (for parametric variables). Association between vari-
ables was assessed using Pearson’s correlation coefficient
(for parametric variables. *p value < 0.05 was considered
significant.

Results

The study included 43 obese patients, and their mean
age was 9.79+1.90 ranged from 7 to 12years; 53.4%
(no.=23) are males and 46.6% (no.=20) are females.
Forty-four normal healthy age- and sex-matched control
subjects were included in this study, and their mean age
was 9.17 £+ 1.72 ranged from 7 to 11 years; 52.4% (no. =22)
are males and 47.6% (no. = 21) are females. Anthropometric
and clinical data in the obese and control groups are illus-
trated in (Table 1).
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Table 1 Anthropometric, clinical, and laboratory data in the obese and control groups

Obese group (mean + SD) Control group (mean + SD) p value
Height (SDS) 0467 +1.10 -0.765+0.577 0.042
Weight (SDS) 3.16+£1.52 —0.0319+£0.594 0.000**
BMI (kg/m?) 2987 +335 1822+ 187 0.000**
BMI (SDS) 3.123 £0.607 -0.776 £0.789 0.000**
Waist circumference (cm) 88.38£828 5733+476 0.000**
Hip circumference (cm) 94.08 +9.87 68.86+733 0.000**
W/H ratio 0.938 £0.053 0.830+0.047 0.000**
Biceps skin fold (SDS) 19+1.72 115+1.2 0.000**
Triceps skin fold (SDS) 2+177 0.80+1.08 0.000**
Subscapular skin fold (SDS) 3+496 091+1.06 0.000**
Systolic Bp (mmHg) 11528 £9.06 10140 +£6.38 0.000**
Diastolic Bp (mmHg) 77.79+11.56 63.79+ 597 0.000**
Total cholesterol (mg/dl) 16840 + 2844 14417 + 2597 0. 000
Triglycerides (mg/dl) 100.51 £29.67 5760+ 15.02 0.000
HDL-c (mg/dl) 41.23+10.87 43191 +£11.037 0412
LDL-c (mg/dl) 103.05+32.39 89.74+20.74 0.027
FBS (mg/dl) 9437 £9.51 87.69+994 0.001
Insulin (uIU/ml) 17.75 +8.067 7.78+258 0.000
HOMA-IR 414+£194 1.67 £0.609 0.000
PAI-1 (ng/dl) 4798 +1742 28.00+11.35 0.000

W/H waist/hip ratio, BV body mass index, SDS standard deviation score, Bp blood pressure

**p value highly significant < 0.01

The comparison between obese and control groups re-
garding their lab results showed statistically significant
difference between both groups in cholesterol, triglycer-
ides, LDL-c, fasting blood sugar, fasting insulin, and
HOMA-IR, while there was no statistically significant
difference in HDL-c (Table 1).

Our study showed a highly significant positive correl-
ation between PAI-1 and weight (r=0.6, p = 0.000), BMI
(r=0.6, p=0.000) (Fig. 1), and waist/hip ratio (r=0.7,
p =0.000) in the obese children. Also, there was statisti-
cally significant positive correlation between PAI-1 and
the BMI SDS (r= 0.4, p = 0.01), biceps skinfold thickness
(r=0.4, p=0.03), triceps skinfold thickness (r=0.3, p =
0.04), and subscapular skinfold thickness (r=0.3, p=
0.04). Regarding systolic and diastolic blood pressure,
there was a significant positive correlation between PAI-
1 and systolic BP (r=0.7, p=0.000) and diastolic BP
(r=0.3, p =0.04) (Table 2).

There is a positive significant correlation between PAI-1
and cholesterol (r=0.5, p=0.000), triglycerides (r=0.4,
p=0.02), LDL-c (r=0.6, p=0.000), insulin (r=0.5, p=
0.000), and HOMA-IR (r= 0.5, p = 0.02) (Table 2).

Twelve obese children (27.9%) fulfilled the criteria for
diagnosis of metabolic syndrome. WC is significantly
higher in obese children with metabolic syndrome (p =
0.04) (Table 3).

PAI-1 was significantly higher in obese patients with
MetS (p =0.02). Obese patients with MetS showed sig-
nificantly higher serum TG (p = 0.000) and fasting blood
glucose (p = 0.000) (Table 3).

Discussion

The current study shows that obese children have dys-
regulation of fibrinolytic system. The evidence is that
the mean PAI-1 was significantly higher in obese chil-
dren than the control subject (47.98 +17.42 vs 28.00 +
11.35) p value < 0.001.

Plasminogen activators are responsible for the conver-
sion of plasminogen to plasmin which accelerates fibrin-
olysis. These plasminogen activators are strongly and
irreversibly inhibited by PAI-1. It was found that PAI-1
expression is markedly increased in visceral adipose tis-
sue in obese individuals, and those with central adiposity
have increased levels of PAI-1 [2].

There are several studies which observed positive cor-
relations between PAI-1 and weight, weight standard de-
viation, height, BMI, BMI standard deviation, waist
circumference, hip circumference, and waist to hip ratio
in obese children [21-25].

Also, PAI-1 levels are observed to be high in patients
with metabolic syndrome (MetS) [26]. Elevated levels of
PAI-1 found in obese patients can be decreased by
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Fig. 1 Correlation between PAI-1 and BMI in obese group
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Table 2 Correlation between PAI-1 and the anthropometric
measures and blood pressure measurements and the laboratory
data in obese group

PAI-1 in obese group R p
Height (cm) 0.2 03
Height (SDS) 0.1 04
Weight (kg) 06 0.000**
Weight (SDS) 02 03

BMI (kg/m?) 06 0.000%*
BMI (SDS) 04 0.01*
Waist circumference (cm) 0.09 0.6

Hip circumference (cm) 0.1 04
W/H ratio 0.7 0.000**
Biceps skin fold (mm) 04 0.03*
Triceps skin fold (mm) 03 0.04*
Subscapular skin fold (mm) 03 0.04*
Systolic Bp (mmHg) 0.7 0.000**
Diastolic Bp (mmHg) 03 0.04*
Cholesterol (mg/dl) 0.5 0.000**
Triglycerides (mg/dl) 04 0.02*
HDL-c (mg/dl) 03 0.08
LDL-c (mg/dl) 06 0.000**
FBS (mg/dl) 0.1 04
Insulin (uIU/ml) 0.5 0.000%*
HOMA-IR 05 0.02%

Correlations between variables were done using Pearson’s correlation
coefficients for the parametric data and Spearman correlation coefficients for
nonparametric data

*p value statistically significant < 0.05

**p value highly significant < 0.01

changing lifestyle and following intensive programs for
weight loss [27, 28].

In the current study, total cholesterol, triglycerides,
LDL-c, fasting blood glucose, fasting insulin, and
HOMA-IR were significantly increased in obese children
in comparison with controls (p value 0.000, 0.000, 0.03,
0.01, 0.00, and 0.00 respectively). These findings were
consistent with the findings of others [22, 29-31].

Significant positive correlations between PAI-1 and
fasting insulin concentrations may give us an idea about
the role of insulin in stimulating PAI-1 synthesis in adi-
pose tissue sites and how it is the cause of relating high
levels of PAI-1 to fatness [32].

Also, Akanji et al. [31] found that PAI-1 is associated
with insulin resistance found in obese subjects, and Al-
Daghri et al. [30] found that PAI-1 levels were correlated
with HOMA-IR and fasting serum insulin. Many earlier
reports had suggested associations between PAI-1 with
insulin sensitivity, WC, and BMI in obese children and
adolescents [33, 34]; this is in agreement with the
current results as PAI-1 was found to be correlated with
BMI, HOMA-IR, and insulin in obese children.

So we can conclude from the data above that the pres-
ence of insulin resistance found in obese children is a
risk factor for atherothrombosis that increases the possi-
bilities of cardiovascular disease later on. Despite the an-
swer to the question why levels of PAI-1 are increased
in obese individuals is not agreed upon yet, it has been
found that the fat cell itself can produce PAI-1 that pos-
sibly explain the high levels found in obese patients [35].
Fatness does not directly enhance PAI-1 synthesis. But
likely, it exaggerates the response of the fat cell to the
inducers of PAI-1 [36].

In the present study, we found that obese children
with MetS had significantly higher levels of PAI-1 than
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Table 3 Comparison between anthropometric and laboratory data in MetS and non-MetS obese patients

Anthropometric data MetS (no.=12) Non-MetS (no.=31) p value
Height (SDS) 0.523 £0.971 0325+ 142 0.6
Weight (SDS) 341+£1.70 3.06+£147 0.5

BMI (kg/m?) 30.15£3.29 29.15£3.55 04

BMI (SDS) 3.23+£0.733 3.08 £0.560 0.5
Waist circumference (cm) 89.61£9.16 8521 £4.21 0.03%
Hip circumference (cm) 95.29+ 1048 90.96 +7.58 02
W/H ratio 0.939 £ 0.052 0.934 £ 0.054 0.8
Biceps skin fold (mm) 19.07 £532 18.75+£299 08
Triceps skin fold (mm) 2623+523 2500+3.28 0.5
Subscapular skin fold (mm) 25.25+3.67 2648 +£5.46 0.5
Systolic Bp (mmHg) 12142 +6.29 11290+ 892 0.001*
Diastolic Bp (mmHg) 8292+12.15 7581 +10.89 0.04*
Total cholesterol (mg/dl) 171.94 + 26.06 159.25+33.32 0.2
Triglycerides (mg/dl) 125.83+32.86 90.71+£21.92 0.000**
HDL-c (mg/dl) 40.08+13.53 41.68+9.87 0.8
LDL-c (mg/dl) 89.75£4391 108.19+25.78 0.2

FBS (mg/dl) 103.08 +4.36 91.00+8.80 0.000**
Insulin (UIU/ml) 19314740 17154835 04
HOMA-IR 489+ 1.85 3.85+£1.93 0.1
PAI-1 55.67 £4.94 49.84 +4.52 0.02

Comparisons between groups were done using ANOVA test
**p value highly significant < 0.01

their counterparts without MetS (p =0.02). This coin-
cides with the results of Valle et al. [37] and Galli-
Tsinopoulou et al. work [38], which showed that PAI-1
levels are directly associated with MetS among children
and adolescents. The increased percentage of visceral fat
tissue may be the linkage between MetS and elevated
plasminogen activator inhibitor-1 (PAI-1). This might be
explained by the metabolic derangements found in MetS
such as hypertension, dyslipidemia, hyperinsulinemia,
and hyperglycemia could all induce PAI-1 synthesis and
release from different cell types [39]. However, Manto-
vani et al. [25] found that triglycerides, insulin, and
HOMA-IR have no direct relation to fibrinolytic disor-
ders in childhood and the pathogenesis explaining the
elevation of PAI-1 levels in obese patients remains to be
elucidated.

Conclusions

We concluded that PAI-1 is a good predictive test for
metabolic syndrome in obese children and it is corre-
lated significantly to other metabolic risk factors such as
waist circumference, systolic blood pressure, and fasting
blood pressure. Using multiple biomarkers for diagnosis
and early detection of metabolic syndrome, and hence
customized treatment and risk management, is an up-
coming field with much room for research.
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