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CLINICAL RESEARCH

Effect of Cytochrome P450 2C19 681G>A Polymorphism on 
Premature Coronary Heart Disease

Zhong-Hai Chi, Yuan-Yuan Li, Juan Li, Zheng Zhang*, Li Jia

The Affiliated Hospital of Medical College Qingdao University 
Qingdao, China

Abstract
Objective: The aim of our study was to evaluate the association between cytochrome P450 2C19 (CYP2C19) 681G>A 

polymorphisms and the age of development of coronary heart disease. Additionally, the study might find some biological indicators 
at the gene level that could help to predict and evaluate the risk of coronary heart disease in time.  

Methods: This study included 352 individuals with coronary heart disease. Polymerase chain reaction–restriction fragment 
length polymorphism (PCR-RFLP) was used to identify CYP2C19 681G>A. The objects were divided into wild type (GG or 
homozygous CYP2C19*1 wild-type) and mutant type (GA/AA or the mutant CYP2C19*2 allele) on the basis of genotype. The 
association between CYP2C19 gene polymorphism and the age of onset of coronary heart disease was assessed by multivariate 
linear regression analysis. 

Results: There was a significant association in the age of onset between the two groups (t=3.398, P=0.001), which 
was 58.51±12.72 years in the wild type and 53.95±11.63 years in the mutant group. The frequency of CYP2C19 681A 
(CYP2C19*2 allele) was 0.32, 0.268, 0.227 in different age groups, which was significantly different (χ2=10.745,  P=0.005) in different 
groups, as well as in the genotype. The result, assessed by multiple linear regression, showed that genotype, smoking, obesity, 
and hyperlipidemia affect the age of onset of coronary heart disease (β was -0.167, 0.156, 0.155, and 0.112, P<0.05),  and 
mutually affect the age of onset of coronary heart disease. 

Conclusion: The study suggests that CYP2C19 681G>A  gene polymorphism may be one of the risk factors in susceptibility 
to early onset of coronary heart disease, but not an independent factor because other factors may play a synergistic role.

Key words:  CYP2C19 681G>A polymorphism; premature coronary heart disease; age of onset.

Introduction
In recent years, coronary heart disease (CHD) has caused 

a rise in mortality and morbidity, and serious harm to human 
life and health. Moreover, the trend in morbidity has been 
gradually toward younger people. The incidence of coronary 
heart disease is closely related to genetic and environmental 
factors, particularly premature CHD (age of onset <55 years 
in males, and <65 years in females) but is more likely to be 
influenced by genetic factors. At present, a large number of 
clinical and statistical studies have indicated that (CYP2C19) 
681G>A polymorphism can affect drug metabolism associated 
with CHD and the prognosis for patients with the disease. 
However, research focusing on the effects of the incidence of 

CHD are still rare. Therefore, this study, with the onset age 
as the breakthrough point, was to investigate the correlation 
between (CYP2C19) 681G>A polymorphism and CHD and 
further explore the role of CYP2C19 gene polymorphism 
normality in CHD.

As one of the key microsomal mixed function oxidases, 
the Cytochrome P450 enzymes (CYPs) play an important 
role in oxidation, peroxidation, and reduction of endogenous 
physiological substances, such as steroid hormones 
and cholesterol metabolism, as well as in maintaining 
cardiovascular homeostasis. The polymorphic P450 (CYP) 
enzyme superfamily is the most important system involved 
in the biotransformation of many endogenous and exogenous 
substances including drugs, toxins, and carcinogens. 
Genotyping for CYP polymorphisms provides important 
genetic information that help to understand the effects of 
xenobiotics on human body. Its high gene polymorphism is 
one of the earliest pharmacogenetics research objects [1]. 

*Corresponding author: Zheng Zhang, Graduate student 
from Medical College Qingdao University; Qingdao, China. E-mail: 
163zhangz@163.com
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While CYP2 is the largest family, of which CYP2C19 is a 
member, its genetic polymorphism is the gene encoding 
mutation causing the enzyme’s abnormal activity, and has 
visible differences in different populations. Even in different 
ethnic groups in China, there are obvious differences between 
the incidence of wild type and mutant-type alleles [2]. 
Now, a number of studies have found that CYP2C19 gene 
polymorphism is significantly associated with the risk and 
prognosis of coronary heart disease. Ecan et al. [3] found that 
heterozygous CYP2C19*3 allele frequency in patients with 
coronary artery stenosis is significantly higher than in the 
control group (10.2% and 5.6%, respectively), suggesting that 
the mutation can significantly increase the risk of CHD.

Methods
Study population

Three hundred and fifty-two patients with coronary 
heart disease (according to The European Society of 
Cardiology Pocket Guide) were enrolled in the study from 
January 2013 to August 2014, all of whom were from the Han 
nationality in northern China. Individuals with the following 
conditions were removed from this study: serious heart disease, 
chronic hepatic or kidney disease, malignant tumors, acute and 
chronic infection, and recent major surgery. This research had 
the approval of the ethics committee and subjects signed 
informed consent.

Study protocol

Peripheral venous blood was drawn from each patient 
after fasting for at least 10 hours, and was tested for serum 
total cholesterol (TC), triglyceride (TG), high density 
lipoprotein (HDL), and low density lipoprotein (LDL) 
in half an hour. The tests were implemented by a 
Roche Hitachi 7600 automatic biochemistry analyzer in our 
hospital’s biochemical laboratory. Professionals measured 
the height and weight of all subjects, calculating BMI=body 
weight (kg) /[height (m)]2. Overweight means a body mass 
index >25kg/m2, according to the standard diagnosis that 
was announced by WHO in 1997. All subjects needed to 
provide medical history, including smoking, history of 
diabetes, hypertension, and hyperlipidemia. Diabetes means a 
fasting blood glucose >7.0mmol/L and (or) postprandial blood 
glucose ≥11.1mmol/L or having a history of hypoglycemic 
treatment. Hypertension means systolic pressure≥140mmHg 
and (or) diastolic blood pressure 90mmHg or having a history 
of antihypertensive treatment. Any one of the following 
conditions, or receiving lipid-lowering therapy, can be diagnosed 
as hyperlipidemia: TC≥5.72mmol/L, TG≥1.70mmol/L, LDL-
C≥3.64mmol/L, and HDL-C≥0.91mmol/L. According to the 
smoking standardization recommendations issued by WHO in 
1984, smoking means that one smokes 1 cigarette or more per 
day and has done so for more than 1 year.

Genetic analysis

For our study, 2 to 3 ml of peripheral venous 
blood was drawn from every individual. The CYP2C19 

genotype was detected by a BaiO-BE gene chip detector, 
a BE-2.0 biological chip reading instrument, PCR 
amplification detection, and finally the result was automatically 
determined by the Array Doctor analysis software (genotype 
was completed by Shanghai United gene company). The 
main detection of the CYP2C19 gene was the 681st locus on 
the fifth exon. The population could be divided into the wild 
type group (GG) and the mutant group (GA/AA) according to 
the different genotypes.

Statistical analysis was performed using SPSS v. 17.0 
(SPSS, Inc., Chicago, IL). Statistical analysis was performed 
using the SPSS 13.0 software package (SPSS, Chicago, IL, 
USA). The genotype frequency distribution was tested for 
Hardy-Weinberg equilibrium (HWE) with a chi-square test. 
Differences of continuous variables with a normal distribution 
(presented as mean ± SD) between the two groups were 
calculated using the independent-sample t-test. Two-tailed 
P values <0.05 were considered statistically significant. The 
relevance between CYP2C19 gene polymorphism, as well 
as other risk factors and coronary heart disease was tested by 
multiple linear regression analysis. 

Result
1. The gene distribution of the study 

population conformed to the Hardy-Weinberg equilibrium 
[4] (χ2=0.735, P=0.392), which means the study population 
was typical. 

2. The clinical characteristics of the study individuals 
are summarized in Table 1. A chi-square test showed that the 
clinical characteristics, such as gender, diabetes, hypertension, 
hyperlipemia, overweight, and smoking, did not differ 
significantly between patients with different genotypes. 
A t-test showed that there was no significant difference in 
age between the two groups.

3. The age of onset of the individuals is summarized 
in Graph 1 and Tables 2 and 3. According to the study of 
Framingham, premature coronary heart disease was identified 
as CHD that occurs in males under 55 years of age and in 
females under 66 years of age. Graph 1 shows that there is a 
significantly different genotype distribution of the CYP2C19 
681G>A  polymorphism in different groups with different 
ages of onset. The frequency of the CYP2C19 GA/AA 

Table 1. The clinical characteristics of the study individuals

Variables GA/AA group
(n=139)

GG group
(n=213)

statistics P

Gender (male), n 89 130 0.321 0.653

BMI>25kg/m2,, n 73 106 0.255 0.663

Smoking habit, n 72 104 0.297 0.663

Hyperlipidemia, n 26 24 3.818 0.061

Hypertension, n 86 146 1.667 0.207

Diabetes, n 76 99 2.261 0.156

Age, years 66.30±8.63 67.11±8.53 0.867 0.387
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genotype was 0.480, 0.503 in patients with CHD who had an 
earlier age of onset and 0.324 in patients with CHD who had 
a later age of onset. A significant difference in the CYP2C19 
681G>A genotype was observed in the different groups as 
shown in Table 2 (χ2=10.753, P=0.005). The allele frequencies 
of the CYP2C19 A allele in patients with onset at <40, 40 to 
55, and >55 years were 0.320, 0.268 and 0.227, respectively. 
And there was a significant difference between the different 
groups (χ2=10.745, P=0.005) as shown in Table 2. The t-test 
showed that the age of onset in the mutant group was less 
than in the other group, 53.95±11.63 years and 58.51±12.72 
years, respectively, as shown in Graph 2 (t=3.398, P=0.001). 
And the difference was significant between the wild type 
and mutant groups as shown in Graph 2.  Furthermore, after 
adjustment for traditional risk factors of CHD, CYP2C19 
681A was significantly associated with the age of onset of 
patients with CHD by multiple linear regression analysis 
(F=5.966, P=0.000) (Table 3), as well as smoking, overweight 
and hyperlipidemia, and β was 0.167, 0.156, 0.155, and 0.122. 
All of the risk factors can lead to an earlier onset of CHD. 

Discussion
CHD is one of the most serious diseases worldwide, 

endangering human health, and is a multifactorial and polygenic 
disease [5]. In recent years, the morbidity and mortality 
resulting from CHD has increased year by year. Moreover, 
its incidence rate among young patients is increasing. As 
estimated, there were 7.3 million deaths worldwide owing 
to CHD in 2001 [6]. With the development of molecular 
biological technology, more and more genetic research 
focuses on the pathogenesis of CHD. Studies have reported 
that a variety of genes are closely associated with CHD and 
other cardiovascular diseases, including the endothelial nitric 
oxide synthase gene, the angiotensin converting enzyme gene, 
and apolipoprotein E (APOE) [7-9]. A series of studies on 
genome-wide associations of CHD are ongoing, which are 
important to an understanding of the molecular and genetic 
pathogenesis of CHD, as well as individual susceptibility to 
CHD. These studies are also important for achieving targeted 
or individual therapies so as to prevent the occurrence of CHD 
and improve the survival rates of patients with the disease. 
Multiple studies have shown that cytochrome P450, a super 
family of cysteinate-haem enzymes, plays an important role in 
the onset, progression, and prognosis of CHD [10]. Some 
researchers have shown that CYP2C9*1/*3 may be associated 
with premature coronary heart disease in Chinese Han males; 
similarly, CYP2J2*7 may be associated with premature 
coronary heart disease in Chinese Han women [11]. Some 
studies [12] have estimated that CYP3A4*1G/*1G may 
increase the risk of CHD in Chinese Han females. A large 
number of studies [13-14] in the relevant field from home 
and abroad have shown that CYP2C19*1/*2, *1/*3 with 
only one effective allele leads to enzyme activity reduction. 
Thus, the residual platelet aggregation rate in patients with 
CYP2C19*2 or *3 alleles is higher than that of the wild 
homozygous type. Furthermore, anti-platelet drug efficacy in 
patients with CYP2C19*2 and *3 alleles is poorer, which can 
increase the incidence of adverse cardiovascular events [3].

With age of onset in patients with CHD as a focal point, our 
study observed the genotype distribution of the CYP2C19 
681G>A polymorphism. The goal of this study was to evaluate 
the association of CYP2C19 polymorphism with CHD. The 
study showed that the frequency of the CYP2C19 GA/AA 
genotype was significantly higher in patients with earlier onset 

Graph 1. Genotype distribution of the CYP2C19 
G681A polymorphism in different groups

Table 2. Genotype distribution of the CYP2C19 G681A 
polymorphism in different groups

Gene <40 years 40 -55 years >55 years X2 P
Group

GA/AA 24(48.0%) 48(50.5%) 67(32.4%)
10.753 0.005

GG 26(52.0%) 26(52.0%) 140(67.7%)
Genotype

AA 8(16.0%) 3(3.2%) 10(4.8%)
8.647 0.013GA 16(32.0%) 45(47.4%) 57(27.5%)

GG 26(52.0%) 47(49.5%) 140(67.7%)
Allele

A 0.32 0.268 0.227
10.745 0.005

G 0.68 0.732 0.773

Graph 2. The difference* of age of onset with 
different genotype (* t=3.398, P=0.001)

Table 3. Multiple linear regression analysis of determinants of 
CHD in individuals

t β P

Genotype -3.244 -0.167 0.001

BMI>25kg/m2 2.345 0.155 0.020

Smoking 2.007 0.156 0.046

Hyperlipidemia 2.174 0.112 0.030

Diabetes -0.835 -0.071 0.404

Hypertension 0.936 0.048 0.350

Constant 8.85 44.557 0.000
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than in those with later onset (χ2=8.647, P<0.001): 0.48 in the 
<40 group, 0.505 in the 40 to 55 group, and 0.324 in the >55 
group. In addition, the frequency of mutant allele was also 
significantly different in groups with the same 3 different 
ages of onset (χ2=10.745, P=0.005): 0.32, 0.268 and 0.227, 
respectively, as shown in Table 2. Graph 1 demonstrates 
that the distribution of earlier age of onset was different in 
patients with different CYP2C19 genotypes, and was bigger 
in the mutant group than in the wild type group. These results 
reveal that the CYP2C19 681G>A polymorphism might 
be associated with age of onset of CHD. Furthermore, the 
t-test in Graph 2 shows that the age of onset in patients with 
different CYP2C19 genotypes was significantly different 
(t=3.398, P=0.001): 53.95±11.63 years in the wild type 
group and 58.51±12.72 years in the mutant group. After 
further analysis of the data, multiple linear regression found 
that genotype, smoking, overweight and hyperlipidemia 
are correlated with the age of onset of CHD (β=-0.167, 
0.156, 0.155, and 0.112; P=0.001, 0.046, 0.020, 0.030); 
CYP2C19 681G>A had the greatest effect on the age of onset, 
which indicates that CYP2C19 gene polymorphism might not 
be an independent risk factor for CHD; rather, there might 
be several reasons why CYP2C19 gene polymorphism is 
associated with CHD. Some studies have indicated that certain 
CYP enzymes play an important role in CHD progression, 
which is likely related to their character as major regulators 
of L-type calcium channels and cardiomyocyte contractility 
[15]. CYP2C19 and CYP2A1 are related to elevation of 
pro-inflammatory cytokines in heart failure [16]. CYP may 
also influence the pathogenesis of cardiac hypertrophy by 
enhancing the production of ROS [17]. In recent years, some 
scholars [18] have researched the effect of CYP450 
family gene polymorphism in the metabolism pathways of 
arachidonic acid. They found that the CYP2 family expressed 
in the cardiovascular system and CYP2C19 is the key enzyme 
in the metabolism of arachidonic acid, which is relevant to 
endothelium-dependent vasodilation and plays an important 
role in regulation of the cardiovascular system. It is speculated 
that CYP2C19 681G>A  polymorphism can impact the 
pathogenesis of CHD by reducing the enzyme activity. In 
addition, Giusti B found that the CYP2C19 gene polymorphism 
is relevant to platelet hyper reactivity in a study involving 
1419 patients with CHD. This gene polymorphism causes the 
individual difference in endogenous and exogenous drug 
metabolism, and even some medical conditions such as cancer 
and birth defects, by leading the change in CYP2C19 protease 
activity [19]. Some documents [20] reported that having first-
degree relatives with a history of CHD not only increases 
the risk of CHD, but also influences the onset of CHD. Our 
study suggests that gene polymorphism is more likely to affect 
young rather than old patients and is affecting more young 
patients, which is consistent with some other previous studies 
[21]. Our study could provide new targets and ideas for the 
effective prevention and treatment of coronary heart disease.

In addition, our study also found that conventional risk 
factors, including, overweight, smoking and hyperlipidemia, 
are associated with the age of onset of CHD, as shown in 
Table 3, which is consistent with current research. The 

increase in coagulation factor activity in overweight patients 
can lead to enhanced platelet aggregation, which may be a 
possible cause of CHD in advance of the onset age. Smoking 
can cause vascular endothelial cell injury, which can result in 
coronary artery spasm or inflammation, even the formation 
of atherosclerotic plaque and CHD. Previous studies have 
demonstrated that lipid metabolic disorder is an independent 
risk factor for CHD and that the apolipoprotein E (APOE) 
gene is a susceptible CHD gene. A rise in triglyceride 
levels can increase risk of CHD by putting an individual in 
a hypercoagulable state. Our study shows that diabetes and 
hypertension are not relevant to the onset age of CHD, which 
is not consistent with previous studies [22]. We considered 
that the point of our study was the age of onset of CHD, but 
hypertension and diabetes are age-related diseases, which 
have less influence on patients with early age of onset.

Some research has shown that there are other types of 
mutations of CYP2C19, but we did not investigate that due to 
the low frequency of occurrence in the East Asian populations. 
Although other members of the CYP superfamily have been 
well studied regarding the onset, progression, and prognosis 
of CHD [17], little information is available about CYP2C19 
specifically contributing to the pathogenesis of CHD, a 
subject that needs to be further studied.  Since the study was 
a retrospective study, and subject to geographical constraints, 
we only provided the CYP2C19 681G>A genotype distribution 
of Han populations in North China. What is more, age of onset 
is affected by many factors, which need more epidemiological 
studies in different areas and races with larger samples 
to estimate the relationship between CYP2C19 681G>A  
polymorphism and CHD.

In conclusion, we demonstrated a significant association 
between CYP2C19 681G>A polymorphism and age of onset 
of CHD in Han populations in North China, and the result also 
indicate that CYP2C19 681G>A may be a gene polymorphism 
that is susceptible to CHD in the North Chinese Han population. 
Thus, we can improve the prevention and treatment of CHD 
by aiming at the susceptibility gene. For the conventional 
risks, including smoking, overweight and hyperlipidemia, we 
suggest that regular health examinations are essential for all 
individuals and that more attention be given to strengthening 
the primary prevention of CHD [23].
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Abstract
The aim our study was to evaluate the levels of zinc in blood serum, hair, and specimens of carotid artery atherosclerotic 

plaques (CAAPs) and their relationship to levels of MMP-9 and TIMP-1 in the serum of patients with stable and unstable CAAPs.
Material and Methods: The study included 73 patients (55 men and 18 women) aged from 46 to 88 years (mean age 

65.96±1.07 years) with CAAPs. The control group consisted of 10 healthy subjects of similar age and gender. The patients were 
divided into two groups depending on their atherosclerotic plaque stability according to prior duplex ultrasonography. Group 
1 consisted of 45 patients with stable atherosclerotic plaque, and Group 2 included 28 patients with unstable AP. Patients with 
hemodynamically significant carotid stenosis and unstable atherosclerotic plaques underwent carotid endarterectomy. The serum 
concentration of MMP-9 and TIMP-1 was determined using the standard test systems for immunoassay. Quantitative determination 
of the zinc level in hair and atherosclerotic plaque was carried out by optical emission spectrometry; the serum Zn was determined 
colorimetrically.

Results: The serum levels of MMP-9 and TIMP-1 were significantly higher in Group 2 compared to Group1 and the control 
group. The index of MMP-9/TIMP-1 was 1.6 times higher in Group 2 compared to the control group. The level of Zn in serum and 
hair was not significantly different between Groups 1 and 2.  However, Zn levels in unstable atherosclerotic plaque were lower than 
in the control group. Reducing the concentration of zinc in the hair was accompanied by a decrease in zinc level in atherosclerotic 
plaque specimens. With the progression of atherosclerosis and increasing the intima-media thickness of the common carotid artery, 
the level of zinc in serum and atherosclerotic plaques decreased. Increasing the serum concentration of MMP-9 was accompanied 
by decreasing the zinc level in atherosclerotic plaque. High serum concentration of MMP-9 and TIMP-1, and MMP-9/TIMP-1 
imbalance testify to CAAP instability.

Keywords: carotid atherosclerosis; atherosclerotic plaque; matrix metalloproteinase-9 (MMP-9); TIMP metallopeptidase 
inhibitor 1; zinc.

Introduction
The instability of atherosclerotic plaque (AP) is 

the main cause of myocardial infarction (MI) and stroke 
[1]. Carotid artery AP (CAAP) proneness to rupture is an 
independent risk factor of acute coronary syndrome and MI 
[2]. The vulnerability of the atherosclerotic plaques depends 
on many factors, including endothelial function, presence of 
inflammatory cells, cytokine production, smooth muscle cells 
contents, and cell death (including necrosis and apoptosis) 
[3]. Vulnerable APs have a thin fibrous cap, a large lipid-rich 

necrotic core, and increased plaque inflammation with the 
elevated expression of matrix metalloproteinases (MMPs). 

The activity of MMPs in various tissues is tightly 
regulated by endogenous tissue inhibitors of MMPs (TIMPs).  
Alteration of the fine physiological balance between MMPs 
and TIMPs may contribute to the pathophysiology of 
atherosclerosis [4]. MMPs are zinc-containing enzymes that 
are implicated in degradation and remodeling of components 
of the extracellular matrix. Increased levels of MMPs, and 
in particular of MMP-9 (gelatinase B), have been associated 
with several pathological inflammatory conditions, vascular 
diseases, and the instability of carotid atherosclerosis [5-
8]. The catalytic domain of all MMPs contains a Zn2+ ion 
coordinated by a tris(histidine) motif; the Zn2+ ion is critical 
for both substrate binding and cleavage [9-11]. There is 
evidence that zinc blocks calcium and its several actions on 

*Corresponding author: Zakhro A. Usmanova. Tashkent 
Institute of Postgraduate Medical Education; Tashkent, Uzbekistan 
E-mail: zahro.usmanova@yandex.ru

CLINICAL RESEARCH



61Z. A. Usmanova / International Journal of BioMedicine 5(2) (2015) 60-64 

atherogenesis. Increased amounts of cytotoxic cytokines, such 
as TNF-alpha, IL-beta and IL-8, often produced in the elderly, 
are blocked by high-dose zinc [12].  It has been established 
that there is a relationship between zinc deficiency in different 
biosubstrates and the development of obesity, type 2 diabetes 
mellitus, hypertension, coronary heart disease (CHD), and 
atherosclerosis. 

We aimed to study the levels of zinc in blood serum, 
hair, and specimens of CAAPs and their relationship to levels 
of MMP-9 and TIMP-1 in the serum of patients with stable 
and unstable CAAPs.

Material and Methods
The study was approved by the Tashkent Institute of 

Postgraduate Medical Education Ethics Committee. The study 
included 73 patients (55 men and 18 women) aged from 46 
to 88 years (mean age 65.96±1.07 years) with CAAPs. The 
control group consisted of 10 healthy subjects of similar age 
and gender. Written informed consent was obtained from 
each patient. All patients were examined by a neurologist, 
cardiologist and vascular surgeon.  The patients were divided 
into two groups depending on their AP stability according to 
prior duplex ultrasonography. Group 1 consisted of 45 patients 
with stable AP, and Group 2 included 28 patients with unstable 
AP. 

Exclusion criteria were acute myocardial infarction, 
cardiomyopathy, acute myocarditis, pericarditis, acute 
ischemic stroke, malignant tumors, diffuse connective tissue 
diseases, acute infectious disease, pulmonary fibrosis and 
severe chronic obstructive pulmonary disease, left ventricular 
ejection fraction less than 45%.  

Carotid duplex ultrasonography (CUS)
All participants underwent a color duplex sonography of 

the entire extracranial carotid system using a duplex scanner 
HD3 (Phillips, The Netherlands) and a linear transducer (5.0-
10.0 MHz). The calculation of the degree of stenosis (DS) was 
performed in the zone of maximum narrowing of the artery 
lumen. We investigated the common carotid artery (CCA), 
internal carotid artery (ICA), and carotid bifurcations for the 
presence of AP. The intima-media thickness of CCA (IMT-
CCA) was measured both at a standard point (1cm before the 
carotid bifurcation) and in AP (maximum IMT). IMT-CCA 
>1.4mm was evaluated as AP, and from 1.0 to 1.3mm was 
determined as thickened intima. We also studied the blood 
flow velocity, as well as the nature, type, surface, length and 
location of the AP. All detected APs were evaluated as stable 
(calcified, homogeneous and heterogeneous) or unstable (with 
a rough surface, with ulceration and/or bleeding). 

Carotid artery specimens 
Group 2 patients with hemodynamically significant 

carotid stenosis and unstable APs underwent carotid 
endarterectomy (CEE) at the Tashkent Medical Academy. 
All samples were obtained immediately after CEE for 
determination of zinc level. Normal post-mortem carotid 
arteries (10 specimens) were used as control tissue.

MMP-9 and TIMP-1 quantification

In all patients, after CUS, blood was taken from the 
cubital vein in the morning on an empty stomach after a 
12-hour overnight fast. All venous blood samples were 
immediately centrifuged and serums were frozen at -20°C. The 
serum concentration of MMP-9 and TIMP-1 was determined 
using the standard test systems for immunoassay (Bender-
Medsystems GmbH, Austria) on the spectrophotometer Plate 
Reader (Hospitex Diagnostics, Italy).

Quantification of zinc in serum, AP, and hair
The serum Zn was determined colorimetrically by using 

a computerized, biochemical, automatic analyzer Mindray 
BS-200 (China) and kit «Zinc-Vital» (Vital Development 
Corporation, Russia). Quantitative determination of the zinc 
level in hair and AP was carried out by optical emission 
spectrometry with an inductively coupled argon plasma 
analyzer Optima 2100 DV (Perkin Elmer, USA).

Serum lipid profile 
The total cholesterol (TC), low-density lipoprotein 

cholesterol (LDL-C) high-density lipoprotein cholesterol 
(HDL-C), and triglyceride (TG) levels were determined in 
the venous blood using automatic analyzer Mindray BS-200 
(China). 

Results were statistically processed. The mean (M) and 
standard error of the mean (SEM) were deduced. For data with 
normal distribution, inter-group comparisons were performed 
using Student’s t-test. The Mann-Whitney (U Test) was used to 
compare the differences between the two independent groups 
(for nonparametric data). Pearson’s correlation coefficient (r) 
was used to determine the strength of the relationship between 
the two continuous variables.  A probability value of P<0.05 
was considered statistically significant.

Results
Both groups were comparable in frequency of 

hypertension, hyperlipidemia, obesity, type 2 diabetes, 
coronary heart disease, previous MI, and age. In Group 1, 
chronic cerebral ischemia (CCI) stage I, II and IV was found 
in 35(77.8%), 1(2.2%), and 9(20%) patients, respectively. In 
Group 2, we found only the advanced CCI stages III and IV 
in 13(46.4%) and 15(53.6%) patients, respectively. In Group 
1, the number of men was 1.3 times less than in Group 2. In 
Croup 2, the incidence of stroke (57.1%) was 2.6 times higher 
than in Group 1(22.2%) (Table 1).

Differences in lipid profile were not significant (Table 
2), probably because in Group 2 patients, it was 2.5 times 
more likely that statins were prescribed (78.6% vs. 31.1%). 

The level of Zn in serum and hair was not significantly 
different between Groups 1 and 2.  However, Zn levels in 
unstable AP were lower than in the control group (Table 3).

The serum level of MMP-9 was 2.7 times higher 
in Group 2 compared to Group1 and the control group 
(539.03±57.1 ng/ml vs. 200.9±8.5 and 197.42±10.4 ng/ml, 
respectively, P<0.001).
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The serum level of TIMP-1 was twice as high in 
Group 2 compared to Group 1 (2,410.2±123.8 ng/ml and 
1,180.98±47.98 ng/ml, respectively, p<0.001).  A significant 
difference was also found between Group 2 and the control 
group (P<0.001). In Group 2, we found an increase in serum 
TIMP-1 level of about 2 times in comparison with the control 
group. However, we did not find statistically significant 
differences between Group 1 and the control group (P>0.05).

The index of MMP-9/TIMP-1 was 1.6 times higher 
in Group 2 (0.24±0.03) compared to the control group 
(0.15±0.02) (P<0.02). Significant differences were not found 
between Group 1 and 2, or between Group 1 and the control 
group (Table 4).

Correlational analysis revealed a moderate positive 

correlation between DS with the serum levels of MMP-9 and 
TIMP-1 (r=0.47 and r=0.53, respectively, P<0.001) (Fig.1,2). 
We also found a significant positive correlation between 
MMP-9 and TIMP-1(r=0.58, P<0.001) (Fig.3). 

Table 1. 
Characteristics of the patient groups

Variable Group 1 (n=45) Group 2 (n=28)

Age, years 67.9±1.5 62.8±1.2

Male/Female 30/15 (67%/33%) 25/3 (89%/11%)*

Hypertension 42 (93.3%) 26 (92.9%)

Hyperlipidemia 22 (48.9%) 15 (53.6%)

Obesity 19 (42.2%) 7 (25%)

Diabetes 14 (31.1%) 14 (50%)

CHD 36 (80%) 26 (92%)

History of MI 6 (13.3%) 4 (14.3%)

History of stroke 10 (22.2%) 16 (57.1%)*

Body mass index 27.7±0.59 27.2±0.79

IMT CCA, mm 0.99±0.04 1.2±0.05*

DCAS, % 44.2±3.6 75.4±2.9*

*р<0.05. IMT CCA – intima-media thickness of the common carotid 
artery, DCAS - degree of carotid artery stenosis.

Table 2. 
Serum lipid profile of patients in the study groups 

Parameters Control group Group 1 Group 2

TC, mmol/l 5±0.5 5.2±0.16 4.6±0.18

TG, mmol/l 1.7±0.12 1.8±0.12 2.2±0.29

HDL, mmol/l 1.06±0.13 0.94±0.02 1.04±0.05

LDL, mmol/l 3.8±0.4 3.7±0.12 3.2±0.15

Table 3. 
The levels of Zn in serum, scalp hair, and AP

Biosubstrates Control group Group 1 Group 2

Serum, mmol/l 18.3±4.16 13.7±1.4 15.9±0.62

Scalp hair, mg/g 218.65±84.23 220.5±17.07 212.5±17.01

AP, mg/g 148.55±15.3 - 82.8±16.8*

*р<0.05.

Table 4.
Serum levels of MMP-9 and TIMP-1, and MMP-9/TIMP-1 ratio

Para-
meters

Control
 group

Group 1 Group 2
 

P
(c-1)

P
(c-2)

P
(1-2)

MMP-9
 (ng/ml)

197.42±10.4 200.9±8.5 539.03±57.1 >0.05 <0.001 <0.001

TIMP-1
 (ng/ml)

1192.5±61.5 1181.0±48.0 2410.2±123.8 >0.05 <0.001 <0.001

MMP-9/
TIMP-1

0.15±0.02 0.18±0.009 0.24±0.03 >0.05 <0.02 >0.05

P (c-1) – between Group 1 and the control group; P (c-2) – between 
Group 2 and the control group; P (1-2) - between Group 1 and Group 2.

        Figure 1. The correlation between MMP-9 and DCAS
                        (n=73, r=0.47; P<0.001)

        Figure 2. The correlation between TIMP-1 and DCAS  
                       (n=73, r=0.53; P<0.001)

        Figure 3. The correlation between MMP-9 and TIMP-1  
                      (n=73, r=0.58; р<0.001)
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Our results revealed no significant association of 
serum MMP-9 and TIMP-1 with age (r=-0.16 and r=-0.11, 
respectively, P>0.05).

We found a weak inverse correlation between the 
levels of serum zinc and its concentration in hair (r=-0.21; 
P=0.07), a positive correlation between serum zinc and its 
concentration in the APs (r=0.21; P=0.07), a weak positive 
correlation between zinc in the hair and its level in the APs 
(r=0.23; P<0.05), and a negative correlation between serum 
zinc level and IMT CCA(r=-0.24; P<0.05).

 Concentration of zinc in bio-substrates also correlated 
with serum levels of MMP-9 and TIMP-1. We observed a 
weak negative correlation between serum MMP-9 and the 
levels of zinc in the APs (r=-0.25; P<0.05). The relationships 
between other parameters were not statistically significant.

Discussion
The results obtained show the increased serum 

concentrations of MMP-9 and TIMP-1 in patients with 
unstable AP. This result confirms the role MMP-9 and TIMP-
1 play in CAAP destabilization and as predictive markers 
of CAAP phenotype. Similar results were obtained by other 
authors [5-8, 13-14]. Furthermore, we found a significant 
positive correlation between serum levels of MMP-9/TIMP-1 
and the degree of carotid stenosis, which is consistent with the 
findings of some other researchers [4, 14-17].

TIMP regulates strictly the activity of MMP-9[17]. 
We noted a significant positive correlation between serum 
MMP-9 and TIMP-1. The increased level of serum TIMP-1 in 
parallel with the serum level of MMP-9 can be explained as 
a compensatory response aimed at containing the activity of 
MMP-9 and the progression of atherosclerosis [18]. MMPs and 
TIMPs levels in early post-MI period may serve as estimates 
of post-MI cardiac damage and remodeling. MMP-9 and 
TIMP-1 correlate with echocardiographic parameters of left 
ventricular (LV) dysfunction after acute MI and may identify 
patients at risk of subsequent LV remodeling and adverse 
prognosis [19]. However, some researchers have not found 
an association between MMP-9 and TIMP-1 [16]. The index 
of MMP-9/TIMP-1 is used to evaluate the balance between 
MMP-9 and its inhibitor. According to Cheng et al. [20], in 
healthy individuals this ratio was 0.11±0.03. In our study, this 
ratio was higher in all patients (0.18±0.009 in Group 1 and 
0.24±0.03 in Group 2) than in the control group (0.15±0.02). 
In a patient with an embologenic fresh thrombus on the AP 
surface, this ratio increased even up to 0.47 (3 times higher 
than in the control group). These results indicate an imbalance 
towards MMP-9.

We found a significant negative correlation between 
IMT CCA and serum zinc, which corresponds to the results 
reported by other authors [21]. Existing data are contradictory 
regarding the negative or protective effects of zinc in the 
development of atherosclerosis [22-24]. In study of Stadler et 
al. [25], elevated levels of zinc (about 6-fold) were detected in 
advanced lesions compared to healthy tissue or early lesions.  
They found the highly-significant positive correlations 
between zinc and calcium in samples of carotid endarterectomy 

(r=0.895; P=0.0001). The reported protective effect of 
zinc accumulation is proposed to be associated with lesion 
calcification. It is known that highly fibrotic, calcified AP is 
less prone to rupture than lipid-rich, matrix-poor AP. In people 
with high levels of zinc, the decreased extent of cardiovascular 
complications may be due to calcium accumulation in a fibrous 
cap and hence the decreased propensity to AP ruptures. 

Although there are many emerging biomarkers of 
inflammation and progression of atherosclerosis, their clinical 
utility remains unclear. Current evidence still favors the need 
for further investigation into the mechanisms through which 
these biomarkers may exert prognostic impact in patients with 
atherosclerotic lesions [26].

Conclusions
•High serum concentration of MMP-9 and TIMP-1, and 

MMP-9/TIMP-1 imbalance testify to CAAP instability.
•Increasing the serum concentration of MMP-9 is 

accompanied by decreasing the zinc level in AP.
•With the progression of atherosclerosis and increasing IMT-

CCA, the level of zinc in serum and APs decreases
•Reducing the concentration of zinc in the hair is accompanied 

by a decrease in zinc level in AP specimens. 
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Abstract
Derangements of phenylalanine and tyrosine metabolism are an important factor in the etiology and pathogenesis of 

psychoneurological disorders. These disorders are particularly pronounced with monogenic hereditary diseases. In this work, 
we investigated similar disturbances in widespread and socially significant diseases – viral hepatitis and chronic alcoholism – 
which are accompanied by liver damage. We found serious derangements in the metabolism of phenylalanine, tyrosine and their 
derivatives with these diseases and concluded that such derangements make an essential contribution to the development of 
psychoneurological disorders in the studied pathology. In conclusion, this paper proposes recommendations for correction of such 
derangements and normalization of the patients’ condition.

Keywords: phenylalanine; tyrosine; liver pathology; psychoneurological disorders.

Introduction
 Phenylalanine (Phe) and tyrosine (Tyr) are the 

aromatic amino acids (AAA) that play an important role in 
neurotransmitter biosynthesis. Normally the concentration of 
phenylalanine in blood does not exceed 2 mg/100ml. When 
there are hereditary defects of the phenylalanine hydroxylase 
gene and other genes participating in Phe metabolism, there is 
a full or partial block of Phe transformation into tyrosine; thus, 
synthesized protein in whole or in part is not able to catalyze the 
transformation of Phe into Tyr. As a result, the concentration 
of Phe in the blood of patients with phenylketonuria (PKU)/
hyperphenylalaninemia (HPA) reaches up to 20 to 30 
mg/100ml. These elevated concentrations lead to the activation 
of alternative ways of Phe metabolism and the formation of 
a number of products that are toxic to the organism, such 
as phenylpyruvic, phenyllactic, and phenylacetic acids. 

Toxic products of phenylalanine disintegration have a 
negative influence, primarily on the central nervous system 
(CNS). Patients with HPA have mental retardation, spasms, 
microcephaly, psychiatric disorders, etc. [1-4].

Except for hereditary disturbances of Phe metabolism, 
HPA often arises when various nonhereditary pathologies take 
place, in particular the diseases related to liver pathology. It is 
well known that the main enzyme of Phe biotransformation 
is phenylalanine hydroxylase (PAH) and that it is generally 
expressed in the liver; so any complicated diseases related 
to liver pathology can lead to disturbance of this enzyme 
functioning and, as a result, to HPA.

In the study of viral hepatitis (VH) and other liver 
damage, the special attention has been focused on the 
pathogenesis of hepatic encephalopathy (HE), the emergence 
mechanism which is still being discussed; but the majority 
of researchers do not consider the imbalance of AAA and 
nitrogen to be the main reason for HE emergence [5-7]. It 
should be noted that in 8% to15% of cases, the reason for 
HE emergence, accompanying acute hepatic failure (AHF), 
remains obscure, and the general lethality is 80% among 
patients who do not receive a liver transplant [8]. This 
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operation considerably reduces the intensity of HE symptoms 
(behavior and consciousness disorders, neuromuscular 
disorders etc.), ie, the pathology of metabolic processes in a 
liver is the trigger for HE emergence not only with VH but 
also with other hepatitides.

Disturbances of Phe, Tyr, and Trp metabolism are 
established in hereditary [9,10] as well as in exogenous liver 
damages [8,11]. The activity of enzymes participating in 
Tyr and Trp transformations is modified, which distorts the 
metabolism of catecholamines [12,13]. Genetically determined 
activity of phenylalanine, tyrosine, tryptophan hydroxylases 
and their cofactor tetrhydrobiopterin, as well as other enzymes 
of these amino acids’ metabolism, determines various forms 
of VH progress and the development of psychoneurological 
disorders with hepatic insufficiency, depending on the genetic 
constitution of each patient. Among the variety of biochemical 
disturbances with alcoholism, pathology of biogenic amine 
metabolism plays a special role. A special emphasis is put on 
the disturbance of the synthesis and metabolism of AAA (Phe, 
Tyr, and Trp). A change in the metabolism of these acids leads 
to an imbalance in the CNS neurotransmitters: adrenaline, 
noradrenaline, dopamine, and serotonin. Derangements in the 
metabolism of these neurotransmitters are considered by S. 
Mukherjee et al. [14] to be a cause of mental and neurological 
disorders with alcoholism. 

Currently, no consensus has been reached concerning 
the mechanism of alcohol influence on the metabolism of 
catecholamines. The available data are devoted generally to 
the studies of Tyr and Trp metabolism. Meanwhile, studying 
the PAH-system of alcoholics’ livers is extremely important 
for understanding the pathogenetic mechanisms that disturb 
the metabolism of biogenic amines, and such study provides 
valuable information about the causes of psychiatric and 
behavioral disorders, as well as neurological disorders, with 
alcoholism. About 90% of the ethanol a person consumes is 
metabolized in the liver [15], which causes harsh disorders 
of metabolic processes in this organ with chronic alcoholism 
(CA) [16]. In the livers of patients suffering from alcoholism, 
necrotic patches appear and chronic hepatitis and cirrhosis are 
developed [15]. Similar morphological disturbances found in 
patients with viral hepatitis are accompanied by a decrease 
in the activity of the liver PAH-system [17]. Possibly with 
CA, phenylalanine-4-hydroxylase (EC 1.14.3.1.) activity, 
as it is the main component of the liver PAH system, also 
decreases because the Phe concentration in the blood of 
alcoholics increases [18]. However, no study has yet been 
carried out about the condition of the liver PAH- system and 
the metabolism of phenylalanine with CA in the acute period 
of alcoholic intoxication with expressed mental disturbances. 
We observed patients with liver diseases, such as VH and 
CA, in an effort to estimate Phe and Tyr metabolism and the 
influence of metabolic derangements on the development of 
psychoneurological disorders.

The aim of the this research was to find the severity of 
the Phe and Tyr metabolism disturbances and their influence 
on the genesis of psychoneurological disorders for patients 
suffering from VH and CA and to find out the dependence of 
these derangements on the severity of the pathological process.

Material and Methods
To analyze Phe and Tyr metabolism disturbances and 

to estimate the condition of the liver PAH-system at VH, we 
studied 80 patients aged from 16 to 70 years with an acute form 
of hepatitis A and B. The diagnosis was made on the basis of the 
detection of viral hepatitis markers (anti-HAV IgM, anti-HAV 
IgG for hepatitis A and anti-HBs, anti-HBe and anti-HBc for 
hepatitis B) using enzyme immunoassay. The severity of the 
disease course was estimated from the degree of intoxication, 
a hemorrhagic syndrome, and by laboratory criteria and other 
clinical indicators. In particular, cases considered as a mild 
form of the disease were without intoxication, but with small 
jaundice, serum bilirubin<85µmol/l, the prothrombin ratio 
(70-60%) within norm, and increased activity of transaminases 
by 5 to 10 times. 

Clinical cases considered as moderate-to-severe forms 
of disease included the obvious symptoms of intoxication, an 
expressed jaundice, bilirubinemia within 85 to 200µmol/l,  a 
low prothrombin ratio, and increased activity of transaminases 
by 10 to 15 times. The severe form of the disease included 
vividly expressed intoxication, obvious jaundice, 
manifestations of a hemorrhagic syndrome, the phenomena of 
AHF and HE symptoms, prothrombin ratio<60%, neutrophilic 
leukocytosis, and hypoalbuminemia. Out of 80 adult patients, 
a severe form of VH was detected in 42 patients, a moderate-
to-severe form of VH in 28 patients, and a mild form of VH 
in 10 patients.

We determined the serum concentration of Phe, Tyr, 
epinephrine, norepinephrine, and serotonin, as well as 
the urinary excretion of phenylpyruvic acid (PPA), ortho-
hydroxyphenylacetic acid (OHPAA), homogentisic acid 
(HGA), epinephrine, and norepinephrine. All patients 
underwent blood and urine tests at the peak of the disease, at 
the regression of clinical manifestations, and during recovery.  
The serum level of Phe was determined by the fluorimetric 
method [17] with using a 5•10-3 M solution of L-leucyl-L-
alanine. The concentration of tyrosine was also determined by 
the fluorimetric method [17], and the level of PPA in urine was 
carried out according to I.A. Bulycheva et al. [19].

To estimate the activity of the liver PAH system, 16 
patients (12 with a severe form and 4 with a moderate-to-
severe form of VH) were selected for oral administration of 
Phe in a dose of 0.1 g/kg. The control group consisted of 20 
healthy people aged from 17 to 35 years. The peroral loading 
test was carried out on an empty stomach; the blood test was 
carried out before the loading and after 1, 2, 4 and 6 hours. 
Blood samples were taken from an elbow vein. Serum levels 
of Phe, Tyr, and catecholamines were determined. Excretion 
of PPA, OHPAA, HGA, epinephrine, and norepinephrine in 
daily urine were measured before, during, and after 24 hours 
of Phe load. 

To estimate PAH activity, a direct determination of 
enzyme activity in the liver bioptates of 5 VH patients was 
carried out. Bioptates (mass from 21 to 159 mg) were quickly 
processed; PAH activity was defined in supernatant liquid [17] 
using tetrahydrobiopterin (2-amino-4-hydroxy-6,7-dimethyl-
tetrahydrobiopterin) (BH4) as a cofactor. The control group 
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consisted of 11 people aged 25 to 30 years without liver 
pathology.

For identification of biochemical disturbances in the 
metabolism of Phe and Tyr, 34 CA patients, males aged between 
25 and 48 years, were examined. Among these patients, 12 
men were in their first day of hospitalization with the evident 
alcoholic abstinence syndrome; the remaining patients 
had undergone at least a 30-day treatment with complete 
abstinence from alcohol. The vast majority of patients had 
stage 2 alcoholism. The stages of alcoholism were estimated 
according to Goffman’s classification [20].  The control group 
consisted of 20 healthy volunteers, males aged 21 to 35 years.

For identification of mutations in the PAH gene, 156 CA 
patients (120 men and 36 women between 25 and 70 years) 
were examined. Alcoholism in stages 2 and 3, complicated 
with psychoneurological disorders and cases of delirium 
tremens, was marked in the anamnesis. The control group 
consisted of 417 volunteers of the same age. 

DNA was extracted from peripheral blood leukocytes 
using “DNA-sorb” diagnostic sets produced by the DNA-
technology company (Russia) according to the manufacturer’s 
protocol. The R408W mutation leading to a sharp decrease 
in PAH activity was analyzed by PCR/RFLP. A PKU-408 
diagnostic set produced by the Center for Molecular Genetics 
(Russia) was used. 

The study was conducted in accordance with ethical 
principles of the Declaration of Helsinki. It was approved by 
the local Ethics Committees. Written informed consent was 
obtained from all participants.

Results were statistically processed using the software 
package Statistica 6.0. Group comparisons with respect to 
categorical variables were performed using chi-square tests 
or, alternatively, Fisher’s exact test when expected cell counts 
were less than 5.

Result and Discussion
Table 1 shows the serum levels of Phe and Tyr as well as 

concentrations of PPA, epinephrine, and norepinephrine in the 
urine of VH patients. These data demonstrate an increase in 
serum Phe level, which is accompanied by increased urinary 
excretion of PPA. The increase of serum Phe concentration 
depends directly on the severity of the pathological process. 

Table 2 shows the results of Phe load in VH patients 
with the severe form of disease at the peak of manifestation. 
The results of Phe load in the patients with VH and AHF 
are close to the changes observed in patients who are 
heterozygous for the R408W mutation, which is characterized 
by a decrease in PAH activity. Therefore, it is reasonable to 
assume that psychoneurological symptoms in VH patients, to 
a certain extent, may be caused by disturbances in Phe and Tyr 
metabolism and accumulation of toxic metabolites as a result 
of reduction in PAH activity (Table 3).

Phe load revealed a reduction in hepatic PAH activity in 
VH patients. The biochemical disturbances in Phe metabolism 
found with VH were also characteristic for PKU patients. 
Our data are consistent with the results received for Phe load 
in the heterozygous carriers of the R408W mutation, when 
depression of the PAH system is genetically caused [21]. 

Before Phe load, the elevated serum content of amino 
acids and catecholamines was associated with the severity of 
VH. After Phe load, the serum level of amino acid increased 
in all patients; 6 hours after loading, the serum level of this 
acid also exceeded the initial level. The increase in serum 
Tyr concentration was rather small. Urinary excretion of 
epinephrine and norepinephrine did not change significantly.

For the proof of disturbance of PAH activity in the liver, 
we determined the enzyme activity in liver bioptates of 5 VH 
patients (Table 3) and found that the hepatic PAH activity 
was reduced by various degrees. PAH activity in the liver of 
patients with a mild form of VH at the peak of the disease and 
in the regression stage (patients #1 and #4; Table 3)  was from 
55.2 to 50.0 micromoles of Tyr/g protein/hour, respectively, 
and 18.8, 23.6,30.6 (mean 24.3±3.4 micromoles of Tyr/g 
protein/hour) (patients #2, #3 and #5; Table 3) in patients with 
a moderate-to-severe form VH at the peak of disease and in 
the regression stage, respectively. The serum Phe level also 
increased in these patients. It is interesting to note that the 
enzyme activity was reduced more in patients with a high 
serum Phe level. Furthermore, the more severe form of the 
disease was accompanied by a pronounced decrease in PAH 
activity. Thus, the direct estimation of enzyme activity in the 
livers of patients with various clinical manifestations showed 
that the severity of disease is associated with the severity of 
disorders in the metabolism of Phe and Tyr. 

Table 1. Concentration of Phe and Tyr in the blood serum; PPA, epinephrine and norepinephrine in daily urine of VH patients

Group Stage of
disease

Phe Tyr PPA Epinephrine Norepinephrine
(mg/100 ml) (mg) (µg)

Moderate-to-severe 
form

of VH

Peak of  disease 2.9±0.53 1.8±0.18 108.0±13.5 7.8±0.70 37.0±9.6
P <0.01 <0.01 <0.01 <0.01 <0.4

  Regression stage 2.1±0.36 1.7±0.20 40.0±8.2 6.5±0.34 44.7±2.8
P <0.04 <0.01 <0.01 <0.05 <0.01

Severe
form

of VH

Peak of  disease 4.5±0.55 2.5±0.17 160±15.6 8.8±0.85 48.2±12.8
P <0.01 <0.01 <0.01 <0.01 <0.2

Regression stage 2.3±0.16 1.7±0.16 65.0±9.35 6.9±0.49 45.0±3.7
P <0.05 <0.01 <0.01 <0.05 <0.01

Control group 1.8±0.17 1.14±0.03 0 5.2±0.71 28.8±4.48
     P - vs. control group
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Investigating PAH activity, we established that the 
activity of the enzyme makes 0.7% to 13% and even less to 
total absence in PKU patients [22], 43% for heterozygous 
carriers [23], and 44% for VH patients in comparison with data 
for people without any liver pathology.

Comparing data of Phe load with data for PAH activity 
in livers of VH patients; it is possible to conclude that the 
disturbance in reaction of Phe hydroxylation with VH is caused 
by the decrease in PAH activity in the liver. Inasmuch as PAH 
activity is normalized ambiguously with various forms of VH 
during the recovery period, this activity can serve as one of 
the indicators of the existence and intensity the pathological 
process, as well as the efficiency of treatment.

The insufficiency of liver function in AAA metabolism 
may be considered as the main factor among the major factors 
responsible for HE [5,8], which causes an imbalance of biogenic 
amines that, penetrating through the hematoencephalic barrier, 
disturb the function of neurons. This disturbance leads to the 
emergence of mental and neurologic disorders [8].

The study of catecholamine metabolism with liver 
disease showed the role of “false mediators” in the development 
of hepatic insufficiency. It is believed that impairment of 
consciousness among patients with hepatic insufficiency is 
associated with a reduction in the formation of neurochemical 
transmitters, such as norepinephrine and dopamine. Studies of 

monoamines in the brains of patients who died from hepatic 
coma have revealed a decrease in the level of dopamine and an 
increase in the concentration of serotonin in all areas of brain [8].

With VH, an increase in the activity of bacterial amino 
acid decarboxylases causes the formation of substances 
like tyramine and octopamine with a structure similar to 
norepinephrine; consequently, these substances can collect 
in the nervous system, replacing norepinephrine. These false 
mediators disturb the neurochemical transfer in the brain and 
cause the HE syndrome. The introduction of DOPA, which is 
the predecessor of norepinephrine and easily penetrates into 
the brain, causes a strengthened formation of norepinephrine 
in the brain and replaces the false mediators.

The accumulation of substances relating to phenolic 
compounds plays an important role in AHF pathogenesis. It has 
been found that a toxic effect is produced by free phenol and 
AAA, as well as by their metabolites – the phenolic compounds 
that were increased in the blood, cerebrospinal fluid, and urine 
of patients with the severe forms of VH and hepatic coma [8].

Direct determination of PAH activity in liver bioptates of 
VH patients has shown a decrease in enzyme activity. Currently, 
more than 500 various mutations in the PAH gene have been 
discovered, and the frequency of the mutant alleles is 1:50 in 
the general population [24]. The frequency of complications 
of AHF with hepatic coma is 1:40 to 1:100 in patients. It is 
quite probable that AHF and coma with VH develop in patients 
who are heterozygous for PAH gene mutation, while the 
homozygous patients for the wild-type gene undergo VH in 
mild forms or act as virus carriers. 

All these data were typical for our patients. The severity 
of psychoneurological symptoms (emotional instability, 
dizziness, the slow thinking, disorientation, tremors of hands, 
the confused consciousness, and psychomotor excitement) 
was correlated with the severity of phenylalanine and tyrosine 
metabolism disorders, and the severity decreased with 
normalization of these indicators. 

Thus, the data we obtained confirm disturbances of 
AAA metabolism and a decrease in PAH activity by 44% in 
VH patients with the moderate-to-severe and severe forms of 
disease. These data also reveal disturbances of hydroxylation 
of Phe to Tyr. PAH-system dysfunction is the trigger for 
development of Tyr and Trp metabolism disorders that are 
accompanied by HE during development of AHF. Inasmuch as 
PAH activity is normalized ambiguously with various forms of 
VH during the recovery period, this activity can serve as one 
of the indicators of the existence and intensity the pathological 
process, as well as the efficiency of treatment. In this state, 
the inclusion of tetrahydrobiopterin in the treatment scheme 
is appropriate since it leads to the normalization of AAA 
metabolism.

Table 4 shows the serum levels of Phe and Tyr and their 
metabolites in urine of patients suffering from alcoholism and 
in those of the control group. It can be seen that, in comparison 
with the control group, patients suffering from alcoholism 
had an increased serum Phe level, while the Tyr level was 
decreased.

The changes in Phe/Tyr ratio are especially vivid. The 
most expressed disturbances in the content of blood amino 

Table 2.
Concentration (mg/100ml) of Phe and Tyr in the blood serum of VH 
patients with the severe form of disease after Phe load 

Time after
Phe load
(hours)

Control Patients

Phe Tyr Phe Tyr

0 1.8±0.17 1.14±0.003 3.86±0.65 1.97±0.193
P <0.01 <0.01

1 10.7±0.88 1.53±0.12 10.35±1.05 2.08±0.19
P <0.8 <0.02

2 6.6±1.66 1.61±0.12 9.52±0.80 2.14±0.22
P <0.2 <0.05

4 2.2±0.17 1.65±0.29 8.4±0.86 2.17±0.18
P <0.01 <0.02

6 1.7±0.15 1.51±0.13 7.1±0.67 2.23±0.15
P <0.01 <0.01

Table 3. 
Liver PAH activity (µmol of Tyr/g protein/hour), the levels of Phe 
and Tyr in the blood serum (mg/100 ml), and PPA excretion in daily 
urine (mg/100 ml) in VH patients

Patients Age Severity 
of disease

Stage of 
disease 

Phe Tyr PPA Liver PAH
activity

+cofactor -cofactor
1. S.V. 42 Mild Peak 2.0 0.89 0.2 55.2 -
2. C.G. 47 Moderate Peak 3.1 1.52 5.3 23.6 2.6
3. S.E. 67 Moderate Peak 3.5 2.4 2.8 18.8 2.0
4. S.A. 26 Mild Regression 2.8 1.16 1.3 50.0 -
5. P.V. 44 Moderate Peak 3.0 1.23 0.5 30.6 -
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acids were revealed in patients with the abstinence syndrome. 
As for the patients in the remission period, despite their 
abstention from alcohol for a month or more, when practically 
all clinical indicators are normalized, the Phe level remained 
elevated, while Tyr content was decreased, in comparison 
with the control group. The urine test showed that the Phe and 
Tyr metabolism of patients with alcoholism was drastically 
changed. Disturbances of Phe metabolism in patients with 
the alcoholic abstinence syndrome lead to a pathological 
increase in PPA excretion, which is absent in the urine of 
healthy people and patients with alcoholism in the remission 
stage. The excessive urinary excretion of Phe was detected 
both in the abstinence syndrome and in the remission stage. 
Decreased excretion of HGA, a metabolite of Tyr, indicates 
the disturbances in the metabolism of Tyr.

The disorders in Phe metabolism found with alcoholism 
are similar to the disorders with VH, and also to the results 
received at Phe load in  heterozygous carriers for the R408W 
mutation of the PAH gene, which is associated with genetically 
determined reduction in PAH activity (PAH activity was less 
than 50% in comparison with the healthy people).

Especially pronounced metabolic disorders in Phe and 
Tyr metabolism have been found in patients with abstinence 
syndrome. In these patients, serum Phe concentration was 
much higher, and the level of Tyr was lower, in comparison 
with the control group.  The urinary excretion of PPA was 
increased, and the HGA excretion was decreased, which 
showed the disturbance of Tyr metabolism with chronic 
alcoholism. 

The data obtained allow us to assume that there is an 
interrelation between the severity of mental disturbances 
associated with alcoholic intoxication and the severity of PAH-
system disorders as well as Phe and Tyr metabolism distortion. 
The decrease in the activity of the liver PAH-system can lead 
to accumulation of Phe and its pathological derivatives in 
the brain tissues, which causes disorders of biogenic amine 
metabolism in CNS. 

We also assumed that patients with CA, especially 
those who had delirium tremens in the anamnesis, may 
have mutations in the PAH gene, ie, these patients may 
be heterozygous carriers of the R408W mutation. For this 
purpose, the group of patients with alcoholism (stages 2 and 
3) was tested for R408W mutation typical for PKU.

According to several studies, the average frequency of 
the heterozygous carriage of PKU in various populations is 
1:40 to 1:200. When we examined the control group for the 
R408W mutation, which is typical for 65% to 70% of PKU 
patients, our experimental data have been consistent with data 
of other researchers; ie, the frequency of PKU heterozygous 
carriage of the R408W mutation was 2.39%. 

In patients with CA, the frequency of heterozygous 
carriage of the R408W mutation was much higher: Among 
156 patients with CA, 11 people had a heterozygous state of 
7.05% (P<0.02).

Because the number of PKU heterozygous carriers was 
clearly higher among patients with CA, we assume that the 
disturbance of the hepatic PAH activity contributes to the 
development of alcoholic illness and delirium tremens. One 
of the possible mechanisms for such a phenomenon is the 
congenital disorder in metabolism of CNS neurotransmitters in 
PKU heterozygous carriers, which manifests in psychological 
discomfort, emotional instability, and a tendency toward 
deviant behavior. Alcohol intake, on the one hand, temporarily 
softens such symptomology, and on the other, accelerates the 
process of alcoholization and the phenomena of mental and 
physical dependence, and leads further to a heavier somatic 
and psychoneurological frustration in this group of patients.
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Abstract
The aim of our study was to determine the degree of sensitization to Alternaria alternata in patients with chronic obstructive 

pulmonary disease (COPD) and perennial allergic rhinitis (PAR), and evaluate the effectiveness of allergen-specific immunotherapy 
(SIT) in patients sensitized to Alternaria alternata. 

Material and Methods: All patients were divided into two groups. Group 1 included 130 patients (53 women and 77 men) 
with COPD aged from 24 to 50 years. Group 2 included 162 patients (90 women and 72 men) with PAR aged from 15 to 46 years. 
The allergen-specific IgE to fungi of the genera: Alternaria alternata, Aspergillus fumigatus, and Penicillinum notatum, as well as 
the allergen-specific serum IgG antibodies to Alt a 1 of Alternaria alternata were determined. To perform subcutaneous SIT, we 
used purified major Alt a 1 allergen of Alternaria alternate. 

Results: Our study showed that specific IgE antibodies to Alt a 1 were found in 38% and 44.6% patients with COPD and 
PAR, respectively. SIT induced the IgG response against Alt a 1. The concentration of specific IgG antibodies to Alt a 1 increased 
approximately 8-fold in COPD patients and 15-fold in PAR patients after 8 months of treatment.

Keywords:  Chronic obstructive pulmonary disease (COPD); perennial allergic rhinitis (PAR); Alternaria alternate; allergen-
specific immunotherapy (SIT).

Introduction
Respiratory allergies are increasing worldwide. People 

are exposed to aeroallergens in various settings, both at home 
and at work. Fungi are ubiquitous airborne allergens and are 
important causes of human diseases, especially in the upper 
and lower respiratory tracts. It is estimated that approximately 
2-6% of the general population in developed countries is 
allergic to fungi [1]. Mostly sensitivity is detected to genera 
of Alternaria alternata, Cladosporium herbarum, Aspergillus 
fumigatus, Penicillium spp and Fusarium. Alternaria alternata 
is one of the most important allergenic molds found in Europe 
[2]. Alternaria alternata is one of the most common outdoor 

molds, but also has been found in the indoor environment. 
Dampness and mold problems have been reported to occur in 
20% to 50% of modern homes [3-5]. 

Alternaria alternata is known to be a problem in allergic 
disease. Studies have shown that up to 70 % of mold-allergic 
patients have skin test reactivity to Alternaria alternata. 
Allergy to fungi often appears as type I immediate, IgE-
mediated hypersensitivity, which manifests various allergic 
diseases, such as bronchial asthma, most types of sinusitis, 
allergic rhinitis, and pollinosis. Many studies showed that 
increased serum total IgE is also a sensitive marker for 
chronic obstructive pulmonary disease (COPD) patients with 
higher smoking index, longer duration of illness, more severe 
lung function impairment [6-9]. COPD is characterized by 
persistent airflow limitation, and is a major cause of morbidity 
and mortality worldwide. COPD is a heterogeneous disease 
and can be classified into different “phenotypes” [10]. A 
recent study of Jamieson et al. [11] showed that there was an 
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“allergic phenotype” of COPD, which accounted for 21% or 
30% by allergy history (doctor-diagnosed hay fever or allergic 
symptoms) or allergy testing (increased allergen-specific IgE) 
in two cohorts.

A high level of IgE antibodies is one of the risk factors 
for development of COPD according to Standards for the 
diagnosis and treatment of patients with COPD (Table 1) [12].

Study of G. Rohde et al. [13] showed elevated IgE 
antibodies directed against S. aureus enterotoxins (SAE) in the 
serum of patients with COPD. Production of IgE to SAE is of 
non-atopic origin, but rather reflects the superantigen activity 
on B- and T-cells. This data indicate an immunological reaction 
to superantigens as a possible trigger of chronic inflammation 
in COPD, which needs further study.

In addition, sensitization to molds is also a reason for 
development of perennial allergic rhinitis (PAR) [3,5,14]. 
Therefore, the investigation of sensitization to infectious 
agents including molds is the actual problem in the study of 
the pathogenesis of COPD and PAR.

The use of allergen-specific immunotherapy (SIT) to 
treat the mold sensitized patients one of the most debated 
aspects. The use of purified protein allergens takes a particular 
place, which implies determination of their components 
and evaluation immunotherapy by determining the specific 
antibodies to the purified allergens.

In this regard, the aim of our study was to determine 
the degree of sensitization to Alternaria alternata in patients 
with COPD and PAR, and evaluate the effectiveness of SIT in 
patients sensitized to Alternaria alternata. 

Material and Methods
All patients were divided into two groups. Group 1 

included 130 patients (53 women and 77 men) with COPD 
aged from 24 to 50 years. The differential diagnosis of COPD 
was performed according to standard criteria [14]. Group 2 
included 162 patients (90 women and 72 men) with PAR aged 
from 15 to 46 years. PAR diagnosis was verified according to 
standards of diagnosis based on the clinical manifestation of 
the disease, allergic anamnesis, and data of the quantitative 
level of allergen-specific IgE. The control group constituted 
20 healthy, age-matched, randomly selected persons. 

The study samples were the blood serum of patients. 
The allergen-specific IgE to fungi of the genera: Alternaria 
alternata, Aspergillus fumigatus, and Penicillinum notatum, 
as well as the allergen-specific serum IgG antibodies to the 
protein Alt a 1 of Alternaria alternata were determined. 

The investigation of allergen-specific serum IgE and IgG 
antibodies was performed by immunofluorescence method 
using ImmunoCAP system («Phadia AB», Sweden).

To perform subcutaneous SIT, we used purified major 
Alt a 1 allergen of Alternaria alternata of «Diater» (Spain) 
production. The injections were performed in the presence a 
physician and in clinic that was equipped to manage possible 
life-threatening reactions.  An assessment of the patient’s 
current health status was made before the administration of 
immunotherapy injections to determine whether there have 
been any recent changes in the patient’s health that may 
require modifying or withholding treatment (e.g., exacerbation 
of allergy symptoms). The subcutaneous injections of an 
allergen-containing extract were carried out according to the 
scheme. 

During the build-up phase, the injections were performed 
weekly during the month:

Concentration #1:  0.1ml, then 0.2ml after 30 minutes;
Concentration #2:  0.4ml, then 0.4ml after 30 minutes;
Concentration #3: 0.1ml, then 0.2ml after 30 minutes;
Concentration #4: 0.4 ml and 0.4 ml after 30 minutes or 

0.8ml in one stage.
 During the maintenance phase, the injection of 0.8 ml 

of allergen-containing extract was performed monthly during 
7 months; the total number of injections was 8. The treatment 
continued for a period of 8 months.

The study was conducted in accordance with ethical 
principles of the Declaration of Helsinki. It was approved by 
the local Ethics Committees. Written informed consent was 
obtained from all participants.

Results were statistically processed using the software 
package Statistica 6.1 for Windows. The mean (M) and 
standard error of the mean (SEM) were deduced. Student’s 
unpaired and paired t-tests were used to compare two groups 
for data with normal distribution. P values of <0.05 were 
considered statistically significant.

Results and Discussion
We found the increased serum total IgE in COPD/

PAR patients: 68.9±11.4/185.4±28.3 kU/l vs. 16.4±5.7 kU/l 
in the control group (P<0.01). The presence of specific IgE 
antibodies to fungal allergens was detected in 42.2% of 
COPD patients. The sensitization to Alternaria alternata and 
Aspergillus fumigatus was detected most frequently (Fig.1).

Table 1.  Risk factors for chronic obstructive pulmonary disease

Host factors Exposures

Genetic factors
Sex
Airway hyperreactivity,
      IgE and asthma

Smoking
Socio-economic status
Occupation
Environmental pollution
Perinatal events and childhood illness
Recurrent bronchopulmonary infections
Diet

Fig.1. The frequency of allergen specific IgE 
antibodies to molds in COPD patients
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The next step in our study was to determine the serum 
level of allergen-specific IgE antibodies in PAR patients. 
The analysis of the spectrum of sensitization in PAR patients 
showed that the sensitization to the indoor allergens, especially 
to dust mites and epidermal allergens of pets was identified 
most frequently.  In particular, sensitization to the indoor 
allergens was detected in 75.6% of patients, among which the 
dust mites were dominated; sensitization to fungal allergens 
was detected in 24.4% of patients. Mostly sensitivity was 
detected to genera of Alternaria alternate (60%), Penicillium 
notatum (8%), Cladosporium herbarum (13%), and Aspergillus 
fumigates (19%), Fig.2.

Because of a high percentage of sensitization to molds, 
SIT was conducted in COPD/PAR patients sensitized to 
Alternaria alternata. To determine the genuine sensitization 
to Alternaria alternata, we identified specific IgE antibodies 
to Alt a 1, the major Alternaria allergen. Currently, total of 
11 allergenic extracts of Alternaria alternata are identified, 
although only one of them is the most common. Alt a 1 causes 
the production of specific IgE antibodies in more than 90% of 
Alternaria alternata - sensitized patients [2,4,15]. Our study 
showed that specific IgE antibodies to Alt a 1 were found 
in 38% of patients with COPD; the genuine sensitization to 
Alternaria alternata was not confirmed in 4.2% of cases, and 
levels of specific IgE antibodies to Alt a 1 were within normal 
limits.

Studies suggest that before starting SIT need to 
identify a causative protein that causes allergic reactions 
and, accordingly, determine the presence of sensitization to 
the major allergens and exclude the minor components which 
cause cross-reactivity.

All patients sensitized to Alt a 1 underwent SIT with 
using a highly purified Alt a 1 produced by «Diater» (Spain). 
The treatment continued for a period of 8 months. Currently in 
Europe, the quality of commercial fungal extracts is unstable. 
In this regard, the purified mold allergens have a great interest, 
since the purified allergens can be produced in the appropriate 
conditions of purity and stability for each batch and, therefore, 
can be a fully standardized diagnostic material. Control and 
effectiveness of the treatment was determined by assessing 
the patient’s condition. The presence of chronic cough and 
dyspnea on exertion in COPD patients, as well as nasal 
congestion and rhinorrhea in PAR patients were registered. 
In addition, the serum levels of specific anti- Alt a 1 IgE and 
IgG antibodies were monitored. As is known, the specific IgG 

antibodies block the development of allergic reactions, and, 
according to recent studies, the blocking antibodies appear in 
form of IgG4 and IgG1-antibodies [15].  

Figure 3 shows the results obtained in patients of Group 
1. At the end of the 1st month of treatment, we observed a 
slight improvement in clinical status of patients (Fig.3a). 
Chronic cough decreased only in 1% of cases, and dyspnea 
on exertion in 3% of cases. However, at the end of the 4th 
month of SIT, chronic cough already mentioned only in 62% 
of patients, which was 25% less than its initial value. Dyspnea 
on exertion was observed in 36% of patients, which was 17% 
less than its initial value. At the end of therapy, morning cough 
persisted in only 17% of patients, dyspnea on exertion in 12% 
of patients. 

The serum level of specific IgE antibodies continued to 
increase by 6% (on average) per month until the end of five 
months of treatment (Fig.3b). Thus, before SIT, the serum level 
of specific IgE antibodies to Alt a 1 was 85.4±4.9 kU/l in COPD 
patients, and at the end of 5 months of treatment it increased 
up to 110±13.2 kU/l (P<0.01). Before SIT, the serum level of 
specific IgG antibodies to Alt a1 was 2.1±0.2kU/l, and at the 
end of 5 months of treatment it increased by almost 3 times 
and reached 5.6±1.2 kU/l. At the end of 6 months of treatment, 
we observed a decrease in the level of specific IgE antibodies, 
and his level was 26.7±8.2 kU/l (P<0.01) to SIT completion, 
while the level of specific IgG antibodies continued to rise, 
and at the end of treatment it was 15.9±4.3kU/l (P<0.01), 
which was about 8 times higher as compared with baseline 
values (Fig.3c).

Specific IgE antibodies to Alt a 1 were found in 44.6% 
of Group 2 patients; the genuine sensitization to Alternaria 

Fig. 2. The frequency of allergen specific IgE 
antibodies to molds in PAR patients

           (a)

       (b)       (c)

Fig.3. Dynamics of clinical manifestations (a), the level of 
specific IgE (b) and IgG (c) antibodies to  Alt a 1 during SIT in 
COPD patients
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alternata was not confirmed in 5.4% of cases. Control and 
effectiveness of the treatment was determined by assessing the 
clinical manifestation and the serum levels of specific anti-Alt 
a1 IgE and IgG antibodies were also monitored. Figure 4 shows 
the results obtained in patients of Group 2. At the end of the 
3rd month of SIT, nasal congestion remained in 52% of PAR 
patients, which was 32% less than its initial value; rhinorrhea 
decreased to 25%, which was 30% less than its initial value 
(Fig.4a). During the next three months of treatment, we have 
defined a significant reduction in complaints. After 6 months 
of treatment, nasal congestion and rhinorrhea persisted only 
in 20% and 10% of PAR patients, respectively. At the end of 
SIT, number of patients with signs of clinical improvement 
continued to increase. At the end of the 8th month of treatment, 
nasal congestion persisted only in 15% of patients and was 
less pronounced; the less pronounced rhinorrhea was only in 
5% of patients. 

The serum level of specific IgE antibodies to Alt a 1 
significantly increased before the end of the 5th month of SIT 
(Fig.4b); at the same time the level of specific IgG antibodies 
has changed a little in this period of observation. At the end 
of the 5th month of SIT, it was noted an increase in the level 
of specific IgG antibodies to Alt a 1, which was associated 
with the reduced level of specific IgE antibodies (Fig.4c). 
At the end of treatment, the level of specific IgG antibodies 
was 29.7±8.2 kU/l (P<0.01), while the level of specific IgE 
antibodies decreased to 58±12.4 kU/l (P<0.01).

Thus, a significant improvement in the clinical condition 
of patients during SIT was noted in both patient groups. In 
COPD patients, reduction of chronic cough and dyspnea 
on exertion was detected in 70% and 41%, respectively. 
Among PAR patients, a disappearance of nasal congestion 
and rhinorrhea was observed in 83% and 63%, respectively. 
The treatment induced the IgG response against Alt a 1. The 

concentration of specific IgG antibodies to Alt a 1 increased 
approximately 8-fold in COPD patients and 15-fold in PAR 
patients after 8 months of treatment. The mechanism of action 
of SIT is not definitively established, but it is known that the 
result of treatment-induced changes is the normalization of 
the immunological response. Immunologic changes that occur 
during allergen-specific immunotherapy are complex and not 
completely understood. However, successful immunotherapy 
has been associated with a shift from T helper cell type-
2 (Th2) immune responses, which are associated with the 
development of atopic conditions, to Th1 immune responses 
[16]. It is also associated with the production of T regulatory 
cells that produce the anti-inflammatory cytokine, IL-10, 
amongst others such as transforming growth factor (TGF)-
beta. IL-10 has been shown to reduce levels of allergen-
specific IgE antibodies, increase levels of IgG (blocking) 
antibodies that play a role in secondary immune responses, 
and reduce the release of pro-inflammatory cytokines from 
mast cells, eosinophils and T cells [16-19]. Furthermore, there 
is an assumption that the allergen-specific IgG antibodies have 
the ability to reduce the early response to allergen, blocking 
the activation of Fcε-dependent mast cells and releasing the 
carriers of perforin [2,13]. 

Thus, our results indicate a positive effect of SIT on 
the clinical condition of COPD/PAR patients sensitized 
to Alternaria alternata. The clinical improvement was 
accompanied by a pronounced response of specific IgG 
antibodies to Alt a 1. However, research surrounding the 
mechanisms of immunotherapy is still ongoing and will help 
further elucidate how this form of therapy exerts its beneficial 
effects in patients sensitized to Alt a 1. 
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Abstract
The aim of our study was to quantify serum hepcidin levels in Bulgarian patients with chronic kidney disease (CKD). 

Expected high values of peptide hormones might provide a new therapeutic choice for anemia of chronic disease. We looked for 
correlation between serum hepcidin levels and some iron metabolism parameters in CKD patients.

Results: The sandwich ELISA is highly specific for hepcidin-25. We found statistically significant differences in serum 
hepcidin levels in patients of the control group, with CKD stages II to IV and CKD stage V (on chronic dialysis): 12.7±8.7μg/L, 
90.74±21.1μg/L, and 282.49±81.1μg/L, respectively. Significant correlation between serum hepcidin and transferrin saturation 
(r=0.340, P<0.05) was found in the group of patients with CKD stage V.

Conclusion: The use of 2 monoclonal antibodies in a sandwich ELISA format provides a reliable, reproducible, and 
inexpensive method for measuring serum concentrations of the bioactive form of hepcidin in Bulgarian laboratory practice.

Key words: Hepcidin; anemia of chronic disease; chronic kidney disease (CKD); hemodialysis.

Introduction
 Maintaining a balance of iron in the body is critical to 

the state of health. Identifying hepcidin as a key regulator of 
iron dramatically improves our understanding of the molecular 
control mechanisms of homeostasis and allows a more detailed 
understanding of the pathophysiology in clinical disorders. 
Recent studies highlight the role of hepcidin as a useful 
diagnostic tool and therapeutic target in various diseases 
with impaired iron exchange. Hepcidin is a 25-aminoacid, 
cysteine-rich, iron-regulating peptide. Hepcidin quantification 
in human serum provides new topics for the pathogenesis of 
disorders of iron homeostasis and their treatment.

Hepcidin regulates systemic iron homeostasis—
absorption in the duodenum, recycling demolition 
erythrocytes, controlled release from landfills in hepatocytes. 
It is a peptide which is synthesized by the liver in response to 

a series of signals according to the needs of the body for iron. 
The biological action of hepcidin is mediated by its binding to 
the receptor ferroportin, which is the only known exporter of 
iron present in the duodenum, macrophages, hepatocytes, or 
placenta. Hepcidin binds to the receptor in general complex, 
is internalized, and unlocks the lysosomal degradation 
ferroportin structure [1-4].

Anemia of chronic disease (ACD), also known as 
anemia of inflammation, is the most common type of anemia 
in hospitalized patients worldwide. It is observed in patients 
with acute or chronic inflammatory diseases, infections, 
cancer, rheumatoid arthritis, chronic kidney disease (CKD), 
organ failure, and trauma [1]. Anemia is usually mild or 
moderate, often without clear changes in the morphological 
characteristics of red blood cells. The pathogenesis is associated 
with induced hepcidin synthesis due to the catalytic effect 
of the inflammatory cytokines, of which the most important 
is interleukin-6 (IL-6). High hepcidin levels are cause for 
reduced intestinal absorption of iron and difficult release of 
the macrophages, leading to subsequent hypoferremia and 
suppressed erythropoesis.
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The aim of our study was to quantify serum hepcidin 
levels in Bulgarian patients with CKD. Expected high values 
of peptide hormones might provide a new therapeutic choice 
for anemia of chronic disease. We looked for correlation 
between serum hepcidin levels and some iron metabolism 
parameters in CKD patients.

Material and Methods
This study included 55 healthy volunteers and 60 

patients (27 men (mean age 38.9±9.7) and 28 women (mean 
age 41.3±8.3)) with CKD stages II to V, including 32 CKD 
patients on chronic dialysis. Staging of the disease was 
performed using eGFR as recommended by the CKD-EPI 
Creatinine Equation. All enrolled subjects filled out informed 
consent according to the Helsinki Declaration (Directive 
2001/20/EC). 

The study analyzed serum from individuals included in 
the study. All samples were stored at -70° C until determination 
of serum hepcidin. Characterization of iron metabolism 
parameters was determined using an automatic biochemical 
analyzer Cobas Integra 400 (of Roche Diagnostics) and Advia 
2120 hematology analyzer (Siemens Healthcare Diagnostics). 
We used the verified ELISA method to quantify serum 
hepcidin levels [5,6]. Data were analyzed by the Student t-test. 
Pearson’s Correlation Coefficient (r) was used to determine 
the strength of the relationship between the two continuous 
variables.  A probability value of P<0.05 was considered 
statistically significant.

Results and Discussion
We found statistically significant differences in serum 

hepcidin levels in patients with CKD stages II to IV and 
CKD stage V (on chronic dialysis) versus the control group: 
90.74±21.1μg/L, 282.49±81.1μg/L, and 12.7±8.7μg/L, 
respectively (P<0.01). We looked for a correlation between 
the analyzed parameters for the iron deficiency in CKD and 
hepcidin (Table 1). Significant correlation between serum 
hepcidin and transferrin saturation (r=0.340, P<0.05) was 
found in the group of patients with CKD stage V.

Development of erythropoesis stimulating agents 
(ESA) such as erithropetin allows effective therapy in patients 
with CKD. The optimal target hemoglobin concentration 
is subjected to various discussions; during the treatment a 
significant number of patients become resistant to erythropoesis 
stimulating agents. Soon after its discovery, hepcidin was 
closely associated with CKD because of its role in advancing 
homeostasis imbalance between iron and resistance to ESA 
[7,8]. As such, hepcidin was described as a marker that could 
be used to predict response to the ESA, and lead clinicians in 
conducting therapy with the ESA and intravenous iron. Later 
this role was well recognized in practice.

ACD is an acquired disorder of iron homeostasis. This 
condition is associated with infection, organ failure, severe 
trauma, or other causes of inflammation. Anemia is usually 
mild or moderate; the erythrocytes cannot show typical 
characteristics of iron deficiency. This type of anemia is 
caused by induced hepcidin synthesis due to the action of 
interleukin-6 and other cytokines. According to some authors, 
normocytic erythrocytes in anemia of chronic diseases are the 
result of the action of two opposite effects: on the one hand, 
insufficient iron, and on the other, a tendency to macrocytosis 
that is still unknown in detail but is probably due to abnormal 
folate homeostasis in response to inflammation [9]. There are 
currently no laboratory tests that can fully distinguish ACD 
of iron deficiency anemia (IDA) [10,11]. Differentiation 
between those two states is often achieved by a combination 
study of various biochemical markers of iron metabolism. 
ACD is a heterogeneous disease that is typically characterized 
by normocytic anemia, alterations in the erythropoietic 
response, low serum iron, lower transferrin saturation, and 
iron accumulation in macrophages [1]. It is important to note 
that the functional iron deficiency in ACD is different from the 
actual iron deficiency in IDA, where the iron is exhausted due 
to the circulation and macrophages [12]. Some studies over 
the past 10 years have shown that functional iron deficiency 
in ACD may be due to increased levels of the regulatory 
hormone hepcidin. 

Pre-clinical and clinical studies have shown that 
hepcidin antagonists, such as antibodies against hepcidin, 
antibodies to cytokine receptors, and the stabilizing hypoxia 
inducible factor (HIF), can lead to a reduction in hepcidin 
over-expression and can correct the pathological changes 
in the iron status [13-15]. BMP-2 administration increases 
hepcidin expression and decreases serum iron levels in vivo 
[13]. In Hfe−/−mice, supraphysiologic doses of exogenous 
BMP6 improved hepcidin deficiency, reduced serum iron, 
and redistributed tissue iron to appropriate storage sites [16]. 
In order to suppress tumor angiogenesis HIF antagonists are 
used in malignancies [17]. Blocking of HIF could increase the 
concentration of hepcidin in conditions of iron overload. 

New knowledge on the role of hepcidin in the 
development of anemia in CKD can significantly contribute to 
the correct choice of therapeutic approach [18].

Conclusion
Implementation in clinical laboratory practice as a 

routine method for the study of plasma concentrations of 

Table 1. 
Correlation between hepcidin and the measured parameters

Parameter
Hepcidin

CKD (stages II to IV) CKD (stage V)
r P r P

PCR 0.155 < 0.05 n.a. n.a.
eGFR -0.297 < 0.05 -0.083 < 0.05
MCV (fl) 0.139 > 0.5 0.372 < 0.05
Iron (µmol/l) 0.088 < 0.05 0.204 < 0.05
TSAT (%) 0.156 < 0.05 0.340 < 0.05
TIBC (µmol/l) -0.089 < 0.05 -0.235 < 0.05
Reticulocytes (%) 0.012 < 0.05 -0.268 < 0.05
PCR – protein to creatinine ratio; MCV – middle cell volume; 
TSAT – transferrin saturation; TIBC – total iron binding capacity.  
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hepcidin is a step forward in the treatment of impaired iron 
homeostasis. It would allow improving the differentiation 
between iron-deficiency anemia and anemia of chronic disease. 
The use of 2 monoclonal antibodies in a sandwich ELISA 
format provides a reliable, reproducible, and inexpensive 
method for measuring serum concentrations of the bioactive 
form of hepcidin in Bulgarian laboratory practice.
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Abstract
In recent years, fall from a height (FFH) has been a relatively frequent cause of injury and death in the urban environment. 

The purpose of this study was to optimize the risk stratification of FFH victims with combined injuries of the abdominal organs 
by using Injury Severity Score (ISS) scale. The study included 111 patients (aged between 15 and 80 years) injured by FFH. All 
the falls were accidental and occurred mainly among males (82%). The height of the fall ranged from 2 to 5 meters. Combined 
injuries were found in 98 patients and isolated injuries in 13 patients. The combination of the 6 injured body regions was identified 
in 5 patients, 5 regions in 17, 4 in 35, 3 in 23, and 2 in 18. The abdomen trauma was most commonly associated with the following 
injured body regions: head and neck-chest-extremities and pelvis (13.3%), head and neck-chest-extremities (12.2%), and head 
and neck-chest-pelvis (9.2%). Among the combined injuries of the abdomen, ruptures of parenchymal organs (liver, spleen and 
kidneys) were predominant. To assess the severity of the injury, the ISS scale was applied. The injuries of abdominal parenchymal 
organs were evaluated according to the AAST (American Association for the Surgery of Trauma) classification.  Comparative 
analysis of the assessment of the severity of a patient’s condition according to the traditional scale and the ISS scale showed that 
the ISS scale promotes the active and timely detection of the extremely severe and terminal condition in patients with injuries due 
to FFH with combined trauma of the abdominal organs. Objective assessment of the severity of trauma and the dominant injury 
region allows determining the optimal treatment algorithm and predicting the outcome of the injury.
Keywords: fall from a height; combined injuries; abdominal trauma, Injury Severity Score; severity of a patient’s condition.

Introduction
          In recent years, fall from a height (FFH) has been 

a relatively frequent cause of injury and death in the urban 
environment [1,2]. Injuries due to FFH are characterized by 
severe associated injuries of different organs and systems, 
including severe abdominal trauma. The high frequency and 
prevalence of multiple injuries of abdominal organs determine 
the importance of this problem in emergency medicine [3-7]. 
The combination of abdominal trauma with injuries of other 
anatomical regions complicates the severity of injured patients 
and diagnosis of injuries that worsen the prognosis [4,5,8]. At 
equal severity of the injury and pathophysiological changes, 

the severity of a patient’s condition depends on the functional 
reserves and adaptive capacities of the organism. In this 
regard, an objective assessment of the severity of a patient’s 
condition presents certain difficulties [3,9-11]. 

A traditional classification of the severity of a patient’s 
condition lacks clear criteria and unity of interpretation [12].  
This classification is widely used in everyday practice and 
describes a patient’s condition as satisfactory, moderate, 
severe, extremely severe or terminal. To assess the severity of 
a patient’s condition, various scales and indices are suggested, 
which are based on a score of the clinical symptoms or 
laboratory indicators [11-13]. An objective assessment of a 
patient’s condition at admission to hospital allows maximum 
avoidance of diagnostic and tactical mistakes, and improves the 
accuracy of decisions [9,14,15]. At the same time, a number of 
authors have noted that the integrated systems are not reliable 
and have suggested possible ways to improve them.
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Thus, the MFS-AC scale (MFS - military field surgery, 
A - admission, C - condition) developed by EK Gumanenko et 
al [16] is focused on the clinical signs. Calculations are based 
on a score of 12 of the most important and easily identifiable 
clinical signs. Among these are the color of the skin and 
condition of the respiratory system, central nervous system, 
circulatory system, and gastrointestinal tract, as well as the 
magnitude of blood loss. In many countries, an assessment of 
the severity of a patient’s condition at admission is performed 
by using the ISS (Injury Severity Score). This scale best meets 
the requirements of emergency surgery and scientific analysis. 
The ISS scale is easy to use and requires no additional 
equipment. Among anatomical severity scores, the ISS scale 
created by Baker et al. in 1974 [10], has been considered 
for over 40 years to be the gold standard to classify trauma 
injuries, both blunt and penetrating [3,4,10,11,16]. The ISS is 
based upon the Abbreviated Injury Scale (AIS). AIS is one 
of the most common anatomic scales for traumatic injuries. 
The first version of the scale was published in 1969 [17] with 
major updates in 1976, 1980, 1985, 1990, 1998, 2005, and 
2008. The AIS is a consensus-derived, anatomically based 
system of grading injuries on an ordinal scale ranging from 
1 (minor injury) to 6 (lethal injury) [18]. The ISS is obtained 
by summing the square value of the 3 highest AIS scores, 
identifying the severity of patients and enabling stratification 
of them. Six body regions are defined, as follows: head and 
neck, face, chest, abdomen, extremities (including pelvis), 
and external structures. Only one injury per body region is 
allowed. The ISS ranges from 1 to 75, and an ISS of 75 is 
assigned to anyone with AIS of 6.

Despite the numerous advantages of the ISS, it has some 
limitations [19,20]. The most obvious limitation is its inability 
to account for multiple injuries to the same body region; 
therefore, the ISS scale is rarely used to assess the severity 
of injury in victims of FFH with combined injuries of the 
abdominal organs. 

The purpose of this study is to optimize the risk 
stratification of FFH victims with combined injuries of the 
abdominal organs by using ISS. 

Material and Methods
The study included 111 patients (aged between 15 and 

80 years, mean age 34.46±5.92 yrs) injured by FFH. All the 
falls were accidental and occurred mainly among males (82%). 
The height of the fall ranged from 2 to 5 meters. All patients 
were treated in the Republican Scientific Center of Emergency 
Medicine (RSCEM) between 2010 and 2013. The study was 
approved by the RSCEM Ethics Committee. Written informed 
consent was obtained from each patient.

Combined injuries were found in 98 patients and isolated 
injuries in 13 patients. The combination of the 6 injured body 
regions was identified in 5 patients, 5 regions in 17, 4 in 35, 3 
in 23, and 2 in 18. The abdomen trauma was most commonly 
associated with the following injured body regions: head and 
neck-chest-extremities and pelvis (13.3%), head and neck-
chest-extremities (12.2%), head and neck-chest-pelvis (9.2%), 
head and neck-chest (9.2%), head and neck-chest – extremities 

and pelvis-spine (5.1%), chest (5.1%), head and neck-chest–
spine (4.1%), pelvis (4.1%), head and neck-extremities and 
pelvis (3.1%), head and neck- extremities (3.1%), chest-pelvis 
–spine (3.1%), and chest–spine (3.1%). The remaining 25 
percent included other rare combinations.

Among the combined injuries of the abdomen, ruptures 
of parenchymal organs were predominant (Table 1). Spleen 
injuries were observed in 30 (27%) of cases, liver injuries in 
28 (25.2%) cases, and combined injuries of spleen and liver 
were observed in 6 (5.4%) cases. Isolated injuries of spleen 
and liver occurred in 17 (15.3%) and 14 (12.6%) cases, 
respectively. In other cases, the traumatic injuries of abdominal 
parenchymal organs (liver, spleen and kidneys) had a multiple 
character. Traumatic injuries of hollow organs were observed 
in 12(12.8%) patients. Retroperitoneal hematoma occurred in 
19(17.1%) cases.

To assess the severity of the injury, the ISS scale 
was applied [10]. The injuries of abdominal parenchymal 
organs were evaluated according to the AAST (American 
Association for the Surgery of Trauma) classification [21]. 
According to this classification, the following injuries were 
diagnosed: Grade I splenic injury was in 1(3%) patient, 
Grade II in 2(7%) patients, Grade III in 11(37%) patients, and 
Grade IV in 16(53%) patients. Grade V splenic injury was not 
identified. Grade I hepatic injury was observed in 5 patients, 
Grade II in 8 patients, grade III in 11 patients, and grade IV 
in 4 patients. Grade V hepatic injury was not identified. The 
distribution of patients into groups depending on the degree 
of injury of parenchymal organs was carried out based on 
the data of clinical-instrumental methods of investigation 
and intraoperative findings. An ISS score was obtained by 
summing the square value of the 3 highest AIS scores: from 1 
(minor injury) to 6 (lethal injury). Major trauma was defined 
using an ISS threshold of 13.

Statistical analysis was performed using the SPSS 
10.0 software package (SPSS, Chicago, IL, USA). The mean 
(M) and standard error of the mean (SEM) were deduced. 
Student’s unpaired and paired t-tests were used to compare 
two groups for data with normal distribution. We also used the 
Chi-square test to compare observed data. P values of <0.05 
were considered statistically significant.

Results and Discussion
Assessment of the severity of a patient’s condition 

according to the traditional scale and the ISS scale is 
presented in Table 2. The severity of the injuries depended 
on the combination of the anatomical regions involved. In 
our studies, the isolated injuries of the abdominal organs 
were mainly assessed as satisfactory and moderate severity; 
when the involvement of other anatomical regions increased, 
the number of patients with a severe, extremely severe and 
terminal condition also increased. The maximum score, ISS of 
75, was assigned to 4 patients; 2 of them died within the first 
hour. The severity of these patients with traumatic cerebral injury 
had an AIS score of 6.  The remaining 2 patients died on the first 
day; in these patients, we found a dominant combination of three 
anatomical regions with AIS of 5, which resulted in an ISS of 75.
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Table 1.
The frequency of the abdomen trauma in FFH victims

№ Combined Injuries of the Abdominal Organs Abs %
1. Contusion and hematoma of anterior abdominal wall 41 36.9
2. Injuries of internal organs. Hemoperitoneum. 3 2.7
3. Splenic capsular tear 1 0.9
4. Splenic capsular tear + hepatic hematoma 1 0.9
5. Splenic rupture 17 15.3
6. Splenic rupture + retroperitoneal hematoma 1 0.9
7. Splenic rupture + kidney rupture 1 0.9
8. Splenic rupture + kidney rupture + retroperitoneal hematoma 1 0.9
9. Splenic rupture + kidney rupture + rupture of the pancreatic capsule + retroperitoneal hematoma 1 0.9
10. Splenic rupture + hepatic rupture/hepatic capsular tear 2 1.8
11. Splenic rupture + hepatic rupture  + retroperitoneal hematoma 1 0.9
12. Splenic rupture + hepatic rupture  + rupture of the small-intestinal mesentery + retroperitoneal hematoma 1 0.9
13. Splenic rupture +  gallbladder avulsion + retroperitoneal hematoma 1 0.9
14. Splenic rupture + bladder rupture + deserosation of colon + retroperitoneal hematoma 1 0.9
15. Splenic rupture + ovarian apoplexy  + deserosation of colon + retroperitoneal hematoma 1 0.9
16. Hepatic hematoma 2 1.8
17. Hepatic capsular tear 2 1.8
18. Hepatic rupture 10 9.0
19. Hepatic rupture  + retroperitoneal hematoma 2 1.8
20. Hepatic rupture  + contusion of the  pancreatic head 1 0.9
21. Hepatic rupture  + contusion of the  pancreatic head + hepatoduodenal ligament hematoma 1 0.9
22. Hepatic rupture  + ovarian apoplexy  + deserosation of colon 1 0.9
23. Hepatic rupture  + rupture of the small intestine  + diffuse serofibrinous peritonitis 1 0.9
24. Hepatic rupture  + rupture of the small intestine  +  tear in the stomach wall + diffuse serofibrinous peritonitis 1 0.9
25. Kidney rupture + colon rupture + diffuse serofibrinous peritonitis  1 0.9
26. Rupture of the small Intestine  + diffuse serofibrinous peritonitis 2 1.8
27. Rupture of the small Intestine  + rupture of the small-intestinal mesentery + rupture of the pancreatic capsule + 

hepatic capsular tear + tear in the stomach wall + deserosation of colon + diffuse serofibrinous peritonitis
1

0.9
28. Rupture of the small-intestinal mesentery + retroperitoneal hematoma 1 0.9
29. Rupture of the small-intestinal mesentery + contusion of the  pancreatic head + retroperitoneal hematoma 1 0.9
30. Gastrointestinal ligament hematoma + retroperitoneal hematoma 1 0.9
31. Retroperitoneal hematoma 6 5.4
32. Penetrating abdominal trauma without injuries of abdominal organs 1 0.9
33. Penetrating abdominal trauma with injuries of colon 1 0.9
34. Penetrating abdominal trauma with injuries of the small intestine 1 0.9
Total 111 100

Table 2.
 The severity of a patient’s condition with combined injuries according to the traditional scale and the ISS scale

Traditional scale ISS scale
Severity of a patient’s condition total 

( n=98)
death rate ISS range total 

(n=98)
death rate

Satisfactory 1.0% 0 < 13 points 18.4%* 0
Moderate severity 22.4% 0 14-21 points 17.3% 0
Severe 62.2% 17.3% 22-32 points 30.6%* 7.1%*
Extremely severe 8.2% 7.1% 33-46 points 21.4%* 12.2%*
Terminal 6.1% 6.1% 46 -66 points 8.2%* 7.1%
Lethal 75 points 4.1%* 4.1%*
Total 100.0% 30.5% Total 100.0% 30.5%
Р<0.05 vs Traditional scale.
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We found differences in the number of patients with 
varying degrees of severity determined by the traditional 
grading scale and the ISS scale. These differences were most 
significant in groups of patients whose condition at admission 
was determined as moderate, severe, and extremely severe. 
Thus, the number of patients with combined injuries and 
a high degree of severity on the ISS scale was 2 times less 
than the traditional classification, but the number of patients 
with an extremely severe and terminal condition was 4.15 
and 12.35 times greater, respectively. At the same time, the 
patients admitted with fatal injuries according to the traditional 
scale were not allocated separately, whereas, 4(4.1%) patients 
were given the highest ISS score (75). As shown in Table 2, 
the severe condition according to the traditional scale was 
identified in 64 patients and extremely severe and terminal 
condition in only 8 and 6 patients, respectively. According 
to the ISS scale, among the admitted patients, the severe 
condition was determined in 30 patients, extremely severe 

condition in 21 patients, terminal condition in 8 patients, and 
a lethal injury in 4 patients. We found a direct correlation 
between the clinical outcome and severity of the condition at 
admission. No deaths have been noted among the patients with 
satisfactory and moderate severity of condition at admission. 
In the patient group with a severe condition, according to the 
ISS scale the number of deaths was 2.4 times less than the 
same group according to the traditional scale. Conversely, 
in the patient group with the extremely severe and terminal 
condition according the ISS scale, the number of deaths was 
1.72 and 1.16 times greater, respectively. 

Active surgical tactics were used in 94 cases: a diagnostic 
laparoscopy was performed in 35 cases, laparoscopic surgery 
in 4 patients, conversion to laparotomy in 27 patients, and 
the initial laparotomy in 28 patients (Table 3). Three (2.7%) 
patients with Grade I or II splenic injury were subjected to 
argon plasma coagulation (APC); splenectomy was performed 
at Grade III or IV in 27(24.3%) patients. Electrocoagulation 

Table 3.
Types of surgical procedures on abdominal organs in FFH victims

№ Types of surgical procedures Abs %
1. Laparoscopic microwave coagulation for hepatic rupture 2 3.4
2. Laparoscopic microwave coagulation for splenic rupture 1 1.7
3. Laparoscopic appendectomy 1 1.7
4. Laparotomy, splenectomy 17 28.8
5. Laparotomy, splenectomy + cholecystectomy 1 1.7
6. Laparotomy, splenectomy + coagulation / suturing the hepatic rupture 3 5.1
7. Laparotomy, splenectomy + suturing the kidney rupture 1 1.7
8. Laparotomy, splenectomy + nephrectomy 2 3.4
9. Laparotomy, splenectomy + suturing the bladder rupture + suturing the colon rupture 1 1.7

10. Laparotomy, splenectomy + coagulation for hepatic rupture + suturing  the small-intestinal mesentery 
rupture 1 1.7

11. Laparotomy, splenectomy + suturing the colon rupture + suturing the ovarian rupture 1 1.7
12. Laparotomy, APC the splenic rupture 1 1.7
13. coagulation for splenic capsular tear + coagulation for hepatic rupture 1 1.7
14. Laparotomy, suturing and/or coagulation for hepatic rupture 12 20.3
15. Laparotomy, suturing the hepatic rupture + removal of retroperitoneal hematoma 1 1.7
16. Laparotomy, removal of retroperitoneal hematoma, inspection of the retroperitoneal area 1 1.7
17. laparotomy, suturing the small-intestinal/colon  mesentery rupture 2 3.4
18. Laparotomy, suturing the colon rupture 1 1.7
19. Laparotomy,  suturing the colon rupture + suturing the ovarian rupture + coagulation for hepatic rupture 1 1.7

20. Laparotomy, coagulation for hepatic rupture, side-to-side entero-entero anastomosis and sigmastoma  (due 
to co-morbidity, a pelvic tumor) 1 1.7

21. Laparotomy, resection of the part of the descending colon with end-to-end colo-colonic anastomosis on the 
metallic frame + suturing the left kidney rupture with  nephrostomy 1 1.7

22. Laparotomy, suturing the small-intestinal wall and mesentery rupture, suturing the stomach tear and 
sigmoid colon + coagulation for the tears of  the left hepatic lobe 1 1.7

23. Laparotomy, suturing the small intestine rupture 2 3.4
24. laparotomy, suturing the hepatic rupture + suturing the small intestine rupture 1 1.7
25. Laparotomy, suturing the mesentery defect and deserosation of the small intestine part 1 1.7

26. Laparotomy, suturing the tears of the anterior and posterior walls of the stomach + coagulation for the 
hepatic rupture + suturing the small intestine rupture 1 1.7

Total 59 100
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and/or APC were performed at Grade II hepatic injury in 
34.8% cases; suturing the liver rupture in combination with 
coagulation was carried out at Grade III or IV hepatic injury. 
The ruptures and tears of the hollow organs were sutured in 
12(12.8%) cases; suturing the kidney rupture and nephrostomy 
was performed on 2 patients, nephrectomy in 2 patients. The 
diagnostic and treatment procedures in patients with injuries 
due to FFH with the combined trauma of the abdominal organs 
were carried out with the participation of surgeons of different 
specialties. The choice of treatment policy was determined 
by the severity of a patient’s condition, features of injury (the 
combined or multiple injuries), the severity of the injuries of 
the abdominal parenchymal organs, and a number of other 
factors. Overall mortality was 30.5%. Causes of deaths were 
pneumonia, cerebral edema, and multiple organ failure.

In conclusion, the use of the ISS scale optimizes the 
analysis of clinical material. Comparative analysis of the 
assessment of the severity of a patient’s condition according 
to the traditional scale and the ISS scale showed that the 
ISS scale promotes the active and timely detection of the 
extremely severe and terminal condition in patients with 
injuries due to FFH with combined trauma of the abdominal 
organs. Objective assessment of the severity of trauma and 
the dominant injury region allows determining the optimal 
treatment algorithm and predicting the outcome of the injury.
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Abstract
This article analyzes the results of a clinical examination of 102 patients (78/76.47% men and 24/23.53% women) with a 

brain tumor (BT) complicated with a secondary obstructive hydrocephalus (SOH). All the patients were divided into 3 groups 
according to the type of surgery. Group 1 included 38(37.2%) patients who underwent Torkildsen’s ventriculocisternostomy. 
Group 2 consisted of 34(33.3%) patients who underwent endoscopic third ventriculocisternostomy (ETV) with simultaneous 
endoscopic tumor removal. Group 3 included 30 (29.4%) patients who underwent a two-stage intervention: ETV in the first stage, 
and the endoscopic tumor removal in the second stage. The distinct advantages of EVT with tumor removal in the second stage of 
the operation were revealed.

Keywords: brain tumor; secondary obstructive hydrocephalus; endoscopic third ventriculocisternostomy (ETV).

Introduction
Surgeries of deep midline brain tumors (BTs) remain 

one of the most difficult sections of clinical neurosurgery 
[1,2]. Characteristic features of BT with secondary obstructive 
hydrocephalus (SOH) and the bright manifestation of 
hydrocephalus, so-called brain dropsy, require the solution 
of two important issues. First of all, elimination of a 
progressive manifestation of the hypertension-hydrocephalic 
syndrome (HHS) and SOH; second, microsurgical BT 
removal [2-4]. Traditional methods of surgical correction of 
HHS caused by occlusion of the cerebrospinal fluid (CSF) 
pathways (Torkildsen’s ventriculocisternostomy (VCS), 
ventriculoperitoneostomy, ventriculoatriostomy) have a 
number of contraindications and are quite traumatic. Marked 
interventions often contribute to the development of severe 
complications, such as infection and occlusion of shunts, 
particularly in decompensated patients [1,3]. An alternative 
to these interventions for SON elimination in BT patients 
is endoscopic third ventriculocisternostomy (ETV), which 
contributes to the creation of new the CSF pathway, that 
provide drainage of excess CSF to subarachnoidal space via 

cisterns [5-8]. The bypass surgery is mainly performed by 
leading neurosurgeons, as is ETV with simultaneous tumor 
removal. It should be noted that tumor removal at the second 
stage after SOH elimination, on the background of absence 
of the cerebral symptoms and relatively satisfactory patient’s 
condition, is performed significantly less frequently, which is 
not always justified. 

The purpose of this study was to compare the results 
of one- and two-stage surgical procedures after EVT and 
Torkildsen’s ventriculocisternostomy (VCS) in patients with 
midline brain tumors complicated with SOH.

Material and Methods
The study included 102 patients (78/76.47% men and 

24/23.53% women) with BT complicated with SOH treated 
in the Republican Research Centre of Neurosurgery (RRCN). 
All the patients were admitted with severe clinical symptoms 
of secondary hydrocephalus. Age of the patients ranged from 
1.5 to 50 years: from 1.5 to 5 years in 4 (3.9%) cases, from 6 to 
15 years in 44(43.1%) cases, from 16 to 25 years in 25(24.5%) 
cases,  from 26 to 35 years in 19(18.6%) cases, and from 36 to 
50 years in 10(9.8%) cases.

All the patients were divided into 3 groups according to 
the type of surgery. Group 1 included 38(37.2%) patients who 
underwent VCS of Torkildsen. Group 2 consisted of 34(33.3%) 
patients who underwent ETV with simultaneous endoscopic 
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tumor removal. Group 3 included 30 (29.4%) patients who 
underwent a two-stage intervention: ETV in the first stage, 
and the endoscopic tumor removal in the second stage; the 
second step was performed 5–35 days after elimination of 
SOH symptoms and stabilization of the patient’s condition. 

ETV was performed using video endosurgical complex 
“Aesculap” (Germany) and a set of standard microinstruments. 
Indication for ETV was the presence of open access to inferior 
part of the third ventricle. At the occlusion of the foramen 
of Monroe by BT in the anterior and middle regions of the 
third ventricle, the performance of EVT in most cases was 
impossible, and we performed VCS of Torkildsen. The length 
of the catamnestic observation time was from 3 to 12 months.

The clinical condition of the patients was assessed 
according to standard physical examination to determine 
neurological status. The severity of cerebral symptoms 
was determined by the complaints related to obstructive 
hydrocephalus: headaches, dizziness, nausea, uncontrollable 
vomiting, bradycardia, etc., as well as the results of a neuro-
ophthalmic examination and MRI.  The ophthalmological 
exam included in-depth study of the structures of the eye 
fundus. The severity of papilledema was assessed according 
to accepted standards of the Frisen grading scale. Severity 
of hydrocephalus was assessed in view of the state and 
sizes of the ventricles, the state of the subarachnoid space, 
and the degree of the periventricular edema according 
to MRI data. The results of surgery were assessed by the 
dynamics of clinical symptoms associated with regression 
of hydrocephalus, papilledema, and MRI signs of lesion. 
Before surgery, the condition of the ventricular system was 
assessed by neuroimaging techniques; all cerebral cisterns 
(interpeduncular, prepontine) were evaluated. The study 
was approved by the RRCN. Written informed consent was 
obtained from each patient. Statistical analysis was performed 
using the statistical software «Statistica». The difference was 
considered reliable when P<0.05.

Results and Discussion
For the development of SOH, BT location and 

proximity to the CSF pathway had a paramount importance 
in comparison with the size and histological structure of 
BT. Among the 102 patients, severe hyrocephalic symptoms 
were observed in 81(79.4%) patients. An extremely critical 
condition, diffuse headaches, dizziness, nausea, vomiting, 
Bruns syndrome, bradycardia, and severe papilledema with 
retinal hemorrhage were observed in 21(20.58%) patients. 
According to fundoscopy, Stage 1 of papilledema was detected 
in 38(37.2%) patients, stage 2 in 43(42.25%) patients, and 
stages 3–4 with signs of optic atrophy in 21(20.6%) patients. 
Moderate and severe bradycardia was detected in 36(76.6%) 
patients. Ventriculomegaly with symptoms of periventricular 
edema on CT and/or MRI brain imaging was determined in 
all patients.

The choice of surgical investigation was determined 
according to the level of the occlusion. Table 1 shows the 
distribution of patients according to the level of occlusion and 
surgery method. Comparative analysis of the clinical results of 

different methods of surgical interventions based on mortality, 
clinical deterioration, and clinical improvement is shown 
in Table 2. The distinct advantages of EVT according to all 
aspects should be noted; in addition, Group 3 patients who 
underwent tumor removal in the second stage of the operation 
were characterized by a significant advantage in comparison 
with the Group 1 patients. Patients of Group 3, after the 
endoscopic intervention, were in satisfactory condition and 
quickly recovered from anesthesia. Symptomatic relief of 
hydrocephalus was achieved in all patients. Furthermore, 
after surgery we observed in all patients a clear tendency to 
reduction of cerebral symptoms, a statistically significant 
decrease of diffuse headaches in 22(73.3%) patients, and the 
presence of local pain in the occipital region in 8(26.6%). After 
EVT, moderate dizziness persisted, but nausea and vomiting 
completely stopped. On the second and third days after the 
first stage of the intervention, a regression of disorders in the 
CSF circulation, according to CT and MRI data, was observed 
in most patients. Periventricular edema disappeared in all 
patients of Group 3 and a significant change in the size of the 
subarachnoid space was observed in 25(83.3%); reduction in 
the size of the ventricular system (“Flow void” phenomenon) 
in the area the anterior regions of the third ventricle and the 
stoma occurred in 14(46.76%) patients. 

Table 1.  
Distribution of patients according to the cause and the level of 
occlusion

The causes of 
SOD

The posterior 
third ventricle 
region and 
aqueduct of 
Sylvius

Posterior fossa 
region (fourth 
ventricle, worm, 
cerebellar 
hemisphere)

Amount

Abs % Abs % Abs %
Tumors of the 
pineal region and 
quadrigemina

6 28.6 15 71.4 21 20.6

Posterior fossa 
tumor 10 12.3 71 87.6 81 79.4

Total 16 15.7 86 84.3 102 100

Table 2. 
Outcomes of surgical treatment in the postoperative period in 
accordance with the method of surgical treatment

Method of
 surgery

Clinical 
improvement

Clinical 
deterioration Mortality Amount

Abs % Abs % Abs % Abs %
VCS of 
Torkildsen 15 39.5 14 36.8 9 23.8 38 37.2

ETV with 
simultaneous 
endoscopic 
tumor removal

21 61.8 8 23.5 5 14.7 34 33.3

ETV with 
endoscopic 
tumor removal in 
the second stage

22 73.3* 5 16.7* 3 10.0* 30 29.4

Total 58 56.9 27 26.5 17 16.7 102 100
*- P<0.05 versus VCS of Torkildsen
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Conclusion
ETV is the best neurosurgical technique and should be 

considered as the initial treatment for BT complicated with 
SOH. ETV excludes mechanical complications and lowers the 
risk of biological complications, which are characteristic for 
drainage operations.  EVT leads to successful outcomes by 
ensuring an adequate internal drainage of the cerebrospinal 
fluid and maximum recovery of the CSF circulation. EVT 
with endoscopic tumor removal in the second stage of the 
operation, compared with the VCS of Torkildsen, which is 
accompanied by significant damage to the brain structure, 
provides additional benefits to normalize the clinical status on 
the background of the absence of cerebral symptoms.
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Abstract
In the present article, we set out a new high-tech method for determining the major metabolites of catecholamines and 

serotonin in urine. We then discuss the effects of these substances and the value of their main metabolites in normal and various 
pathological conditions, and show the efficiency of applying this technique in the laboratory diagnosis of several diseases.
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Introduction
Catecholamines are a group of aromatic amines, including 

adrenaline (epinephrine), noradrenaline (norepinephrine), 
and dopamine, which are synthesized in the adrenal medulla, 
the sympathetic nervous system, and the brain and act as 
neurotransmitters and hormones. A significant increase in the 
level of catecholamines is detected in tumor diseases such as 
pheochromocytoma, neuroblastoma, and ganglioneuroma, as 
well as in hypertension, cardiomyopathy, schizophrenia, and 
manic-depressive disorders [1-4]. 

Adrenaline and noradrenaline are formed from 
dopamine and act on the heart muscle, helping the body 
cope with stress [5,6]. Identification of these compounds 
is necessary in clinical practice mainly for diagnostic 
pheochromocytoma (adrenal tissue tumor) and the differential 
diagnosis of arterial hypertension [3,7]. According to different 
reviews and statistics, pheochromocytomas account for 
approximately 0.05% to 0.6% of patients with any degree of 
sustained hypertension [8-10]. Pheochromocytomas are rare 
catecholamine-secreting tumors that arise from chromaffin 
tissue within the adrenal medulla and extra-adrenal sites. 
These neuroendocrine tumors are characterized by an 
increase in blood catecholamine concentration of 10 to 100 
times with preferred secretion of norepinephrine. In essential 

hypertension, the levels of these compounds in the blood are 
at the upper limit of normal or increased by 1.5 to 2 times [3]. 
Furthermore, there is a 10-fold increase in plasma epinephrine 
during stress. However, catecholamines are rapidly eliminated 
from the blood; therefore, for diagnostic purposes it is 
advisable to examine the urine.

Investigation of catecholamine levels in the blood and 
urinary excretion is important not only for the diagnosis of 
the disease, but also to monitor the effectiveness of treatment; 
thus, the re-increased excretion of catecholamines after radical 
removal of the tumor may be indicative of its recurrence. 
Separate determination of epinephrine and norepinephrine in 
urine allows one to get an indication of the possible location 
of the tumor: an increased excretion of epinephrine indicates 
a tumor of the adrenal medulla, and an increased excretion 
of norepinephrine indicates extra-adrenal tumor. According to 
the results, the ratio of catecholamines and their metabolites in 
urine makes it possible to determine the degree of the tumor’s 
“maturation.” [7].

A reduced concentration of catecholamines in the 
urine is marked with a decrease in the filtration capacity of 
the kidneys, collagenoses, and acute leukemia (especially in 
children) [11]. Determination of dopamine and the metabolites 
of epinephrine and norepinephrine is particularly important to 
confirm the diagnosis of neuroblastoma in children, the third 
most common neoplasm in older children [12]. The increased 
excretion of catecholamines and their major metabolites with 
the urine (homovanillic (HVA) and vanillylmandelic (VMA) 
acid) is used as a screening test [12]. Among all patients 
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examined with an identified neuroblastoma at the early stages, 
the survival rate was 97% in contrast to 45% in children who 
were diagnosed clinically. 

Serotonin is a monoamine neurotransmitter. Appro-
ximately 85% to 90% of the human body’s total serotonin is 
located in the enterochromaffin cells in the gastrointestinal 
tract, where it is used to regulate intestinal movements. The 
remainder is synthesized in serotonergic neurons of the central 
nervous system, where it has various functions. Serotonin 
secreted from the enterochromaffin cells eventually finds its 
way out of tissues into the blood. There, it is actively taken up 
by blood platelets, which store it. When the platelets bind to a 
clot, they release serotonin, where it serves as a vasoconstrictor 
and helps to regulate hemostasis and blood clotting. Serotonin 
is metabolized mainly to 5-hydroxyindolacetic acid (5-
HIAA), chiefly by the liver, and excreted by the kidneys. 
In clinical practice, the determination of serotonin in the 
blood is particularly informative in carcinoid tumors (a 
type of neuroendocrine tumor) of the stomach, colon, and 
lung, when its concentration is increased 5 to 10 times [13]. 
Determination of elevated levels of the serotonin metabolite 
5-HIAA in the urine confirms the presence of a tumor. In typical 
cases, the diagnosis of the carcinoid syndrome of flushing, 
which is characterized by short rushes of blood to the face and 
upper body, diarrhea, development of endocardial fibrosis, is 
not difficult. But sometimes, in severe hypertension and non-
noticeable other symptoms, it is mistaken for a hypertensive 
crisis. Such attacks are also observed in mastocytosis, as well 
as in thyroid cancer in women [14].

Another promising application of a thin chromatographic 
analysis of metabolites of catecholamines and serotonin is 
the evaluation of the vegetative status in children. Because, 
catecholamines, serotonin and their metabolites are sensitive 
and specific biochemical markers for the diagnosis of various 
diseases, including childhood, the development of new 
methods for the analysis of these compounds is important for 
fundamental medicine as well as for practical medicine.

Methods for determining the levels of metabolites of 
catecholamines and serotonin in the urine should be very 
sensitive and accurate, allowing one to identify and trace 
the dynamics of changes in these values. Such methods of 
their joint determination as HPLC and GC-MS meet these 
requirements [15]. For this purpose, ELISA is not sufficiently 
informative.

The objective of this research was to study the possibility 
of applying the new algorithm to diagnose various diseases 
by determining levels of metabolites of catecholamines 
and serotonin in urine using new high-tech methods and 
evaluating the effectiveness of the joint determination of these 
compounds.

Methods
The study included 100 children aged from 2 to 16 years 

who were hospitalized in clinical departments (nephrology, 
genetics, and psycho-neurology) of the Research Clinical 
Institute of Pediatrics. Written informed consent was obtained 
from the child’s parents. 

The study samples were daily urine of patients. After 
collection of daily urine, about 100 ml from the total urine 
volume were selected in a plastic container with indication of 
diuresis. We used 6N of hydrochloric acid as the preservative. 
Samples were frozen at -20° C for prolonged storage, because 
term storage of samples in a refrigerator at +2-+8° C after 
acidification cannot exceed 5 days.  Selected biomaterial was 
analyzed by gas and high performance liquid chromatography. 
Gas chromatography was combined with mass spectrometric 
detection (GC-MS). Sample preparation processes included 
selective solvent extraction of catecholamines and serotonin 
metabolites, and concentration of extractant and derivatization 
at 80°C. Methyltestosterone was used as the internal standard.

Determination of metabolites of epinephrine, 
norepinephrine, serotonin and dopamine (HVA, VMA, and 
5-HIAA) was performed by a GC-MS system equipped with 
an autoinjector AOC--20i (Russian State Medical University, 
Department of Clinical Laboratory Diagnostics). For each 
sample, we obtained a chromatogram, in which a concentration 
of the metabolite in mg/day was determined via a computer 
data processing system, CLASS-VPTM Chromatography 
Data System, for gas chromatography-mass spectrometer. All 
data were subjected to statistical analysis. A chromatogram of 
urine obtained by GC-MS is shown in Figure 1.

High performance liquid chromatography (HPLC)
In the analysis, HVA, VMA, and 5-HIAA were used as 

the standards.  Iso-vanillylmandelic acid served as an internal 
standard. All compounds were purchased from Sigma-Aldrich. 
Standard solutions of test compounds at the concentrations of 
100mg/l were prepared by diluting hydrochloric acid at 10 to 
3M and stored at 4°C.  In this state, they were stable during 
6 months. Working solutions were prepared from 10-fold 
diluted standard solutions.

Analysis of the samples was performed by the 
liquid chromatography tandem mass spectrometer Agilent 
Technologies 6410 Triple Quad LC/MS with autosampler, 
consisting of a double gradient pump Agilent 1200 series, 
vacuum degasser, and the analytical column Zorbax Eclipse 
XDB8-C18 (4.0h150 mm; particle size 5m) equipped with a 
temperature controller.

The data obtained were analyzed using Mass 
Hunter software for the analysis and identification of the 
chromatographic peaks. Ultimately, the concentration of a 
certain metabolite in the urine was calculated in mg/day. 
Figure 2 shows the chromatogram of urine obtained by HPLC. 

Results
The high-tech methods of GC-MS and HPLC-MS for 

the joint determination of metabolites of catecholamines 
and serotonin in the urine showed the effectiveness of these 
methods as a diagnostic algorithm, which can be recommended 
as methods of screening for early detection of a number of 
neoplastic diseases in children. The methods described in 
this article are highly sensitive, specific, rapid and not very 
expensive, which allows them to be used in laboratory practice 
of medical institutions.
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Chromatographic analysis of the catecholamine and 
serotonin metabolites was performed in 100 children with 
suspected various diseases. Based on analysis of the patients’ 
urine, the reference values of catecholamines, serotonin and 
their main metabolites were determined (Table 1). Diagnosis 

of neuroblastoma in children was confirmed in 3 cases, when 
the levels of VMA and HVA in urine were above the age norm, 
on average 3 times higher.  Diagnosis of pheochromocytoma 
was confirmed in 5 children, and in 3 cases this disease was 
diagnosed at early stages in the subclinical phase.

Fig. 1. The chromatogram of urine obtained by GC-MS

Fig. 2. The chromatogram of urine obtained by HPLC 
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Discussion
Thanks to the joint research of the Laboratory of 

General Pathology of RCIP and the Department of Clinical 
Laboratory Diagnostics of RNRMU, the modern diagnostic 
algorithm for simultaneous determination of metabolites of 
catecholamines and serotonin (HVA, VMA, and 5-HIAA) in 
the urine was designed by GC-MS. It should be noted that the 
GC-MS method proved to be more convenient for the final 
processing of results (chromatograms) of patients, because 
in the software there is an option comparing the obtained 
peaks with an embedded database of analytes by molecular 
weight of the substances, which makes the GC-Ms method 
more accurate and specific, and minimizes the analytical error 
that can be obtained during the chromatographic separation 
of substances by liquid chromatography. The results lead us 
to make a choice in favor of GC-MS, as the most sensitive 
method. The technique developed reduces analysis time and 
allows one to analyze up to 100 samples per day. Thus, it 
is possible to successfully use this method to screen for the 
presence of neuroblastoma, pheochromocytoma, carcinoid 
syndrome, and other diseases.

Conclusions

• A comparative study of the chromatographic 
methods (HPLC, GC-MS) showed that GC-MS is the most 
accurate method of determining the major metabolites of 
catecholamines and serotonin. 

• A new modern diagnostic algorithm for jointly 
identifying the major metabolites of catecholamines and 
serotonin in urine was developed on the base of GC-MS.

• The reference values of catecholamines, serotonin, 
and their major metabolites in the urine were determined.

• The study showed that certain levels of the main 
metabolites of catecholamines and serotonin (HVA, VMA, 
and 5-HIAA) in the urine could possibly be used as diagnostic 
markers in clinical and laboratory practice.
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Table 1. 
The reference values of catecholamines, serotonin and their major 
metabolites obtained on the basis of urine analysis by HPLC-MS

Analytes Value, 
nmol/day

Value, 
µg/day

Norepinephrine < 570 < 97

Epinephrine < 150 < 27

Dopamine < 3,240 < 500

VMA < 33.0 < 6.6

HVA < 38.0 < 6.9

5–HIAA 10.5 – 47.1 2.0 – 9.0
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Abstract
Background: Point-of-care testing, POCT, was widely used to assess hemoglobin status before proceeding with the 

confirmation test. Our study aimed to assess the validity of Mission® Plus Hb in detecting hemoglobin levels in a general 
population compared with a standard laboratory hematology analyser as the gold standard. 

Methods: Two types of samples, capillary and venous blood, were collected from all respondents by trained nurses. Both 
blood samples were tested using Mission® Plus while the remaining venous blood in EDTA test tubes was sent to the reference 
laboratory. 

Results: A total of 622 respondents participated in this study, 75% of them females. The mean Hb tested from capillary 
blood using Mission® Plus Hb was 11.80±2.02 g/dl. For venous blood, the mean Hb concentrations using Mission® Plus Hb 
and Sysmex XE-2100 hematology analyser were 12.16±1.84 g/dl and 13.07±1.87 g/dl, respectively. Sensitivity and specificity in 
detecting anemia from venous samples were 98.8% and 73.4% respectively. Positive Predictive Value (PPV) was 58.5%, while 
Negative Predictive Value (NPV) was 99.4%. 

Conclusion: The findings of moderate PPV should alert the programme managers to the importance of a confirmatory test 
following screening using Mission® Plus Hb. 
Keywords: anemia; point-of-care testing (POCT); Mission® Plus Hb.

Introduction
Anemia affects populations of both developed and 

developing countries. In 2008, WHO estimated that anemia 
affected 1.62 million people worldwide, with estimated 
prevalence of 30.2% among non-pregnant women above 15 
years of age [1].  In the Western Pacific region, it is estimated 
that 21.5% of non-pregnant women are anaemic [1]. In 
Malaysia, there is a lack of data on the national prevalence of 
anemia among the general population of non-pregnant women. 
A regression-based estimate by WHO reported that 30.1% 
of non-pregnant women aged 15 to 49.9 years of age were 
anaemic [1]. Several local studies estimated that the prevalence 
ranges from 17.2% [2] among non-pregnant women in interior 
Sarawak to 34.6% to 42.3% among pregnant women [3,4]. 

Anemia is considered to be a moderate public health problem 
when the prevalence is more than 20% [1].  

Various methods have been used to detect anemia in 
the population at risk. The methods range from hemoglobin 
colour scale, Sahli technique, copper-sulphate method, 
HaemoCue, and automated haematology analysers [5].  
HemoCue was considered to be the method of choice for 
POCT due to its reliability, portability, and ease of use [6-9]. 
But taking into account the economic implication, a less costly 
but still reliable POCT should be looked into to be used in a 
nationwide survey to estimate the prevalence of anaemia in 
Malaysia. In Malaysia, assessment of hemoglobin level using 
Mission® Plus Hb has been used in several primary-care 
settings without proper validation. As it is, a scientific validity 
test is urgently needed to ensure the validity of this POCT in 
detection of anemia. 

Our study aimed to assess the validity of Mission® Plus 
Hb in detecting hemoglobin levels in a general population 
compared with a standard laboratory hematology analyser 
(Sysmex XE-2100) as the gold standard.
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Methods
This is a cross-sectional study involving outpatient 

respondents recruited from a suburban primary care clinic in 
Selangor. A minimum sample size of 600 was required, based 
on 30% estimated prevalence of anaemia, with 90% sensitivity 
and specificity, using formulae for the sensitivity and 
specificity studies [10]. The study was reviewed and approved 
by the Medical Ethics and Research Committee, Ministry of 
Health Malaysia (NMRR-13-797-17207). Mission® Plus Hb 
(Acon Laboratories, USA) provided an in-kind Hemoglobin 
Meter and strips for the study. 

The eligible respondents voluntarily participated in this 
study. The eligibility criteria were that participants must be 15 
years of age or older and have never been diagnosed as having 
any blood disorders. Written consents were taken from all 
respondents. They were informed of the results of their blood 
tests, and respondents with anemia were referred to a family 
physician at the clinic for further management.

Data were collected using quota sampling in July 2014. 
Capillary and venous blood samples were collected from 
all respondents by trained nurses. A drop of venous blood 
directly from the needle was then tested with Mission Plus 
and its reading was documented. The remaining venous blood 
was then transferred into a test tube containing potassium 
EDTA as anticoagulant and tested using Sysmex XE-2100 
at the reference laboratory within 2 hours. Capillary blood 
from a similar respondent was then taken from the fingertip 
and directly tested using Mission Plus. For capillary testing, 
care was taken to remove the first drop of blood with a sterile 
cotton swab, and pressure on the finger that might result in 
hemodilution was avoided. The blood sample was taken using 
pipette supplied together with the strip. The blood was then 
dropped on the strip connected to the hemoglobin meter. Its 
reading was then documented. The Mission Plus used in this 
study was calibrated daily and the procedure was supervised 
by a representative from the manufacturer to minimise human 
error.

The hemoglobin concentration of venous blood 
using Mission® Plus Hb was compared to the hemoglobin 
concentration of venous blood using the gold standard 
procedure (Sysmex XE-2100). Sysmex XE-2100 was selected 
as the gold standard in this study based on its accuracy and 
precision in detecting anemia [11,12]. Venous and capillary 
blood readings using Mission Plus were then compared to 
determine the accuracy of the test using capillary blood in 
detecting anemia. Anemia was defined as Hb less than 12gm/
dl for women above 15 years of age and Hb less than 13gm/dl 
for men above 15 years of age [1].

The sensitivity, specificity, predictive positive and 
predictive negative values were then calculated using the 
following formulae: 

Sensitivity = TP/(TP+FN)
Specificity = TN/(TN+FP)
Positive Predictive Value, PPV = TP/(TP+FP)
Negative Predictive Value, NPV = TN/(TN+FN)
Accuracy = (TP+TN)/n,
where TP is the number of respondents correctly 

identified as anaemic by Mission Plus; FN is the number of 
respondents identified as not anaemic by Mission® Plus Hb 
but noted to be anaemic using Sysmex; FP is the number of 
participants identified as anaemic using Mission Plus but 
not anaemic using Sysmex; TN is the number of participants 
correctly observed to be not anaemic using Mission Plus; 
and n is the number of participants. Correlation between the 
results based on the Mission Plus in comparison to those tested 
using the gold standard were calculated. Pearson’s correlation 
coefficient and paired t-test were used to analyse the data using 
IBM SPSS Statistics (IBM Corporation, New York, USA).

Results
A total of 622 respondents participated in this study, 75% 

of them females. Age ranged from 15 to 77 years (35.7±12.9 
years). The results obtained from Mission® Plus Hb and the 
standard reference method are summarised in Table 1.

 On average, the Hb concentration using capillary and 
venous samples tested using Mission Plus were both lower 
than the level using Sysmex, a difference of -1.27 g/dl (95% 
CI: -1.34, -1.21) and -0.911 g/dl (95% CI: -0.96, -0.86), 
respectively. 

Overall, 169 respondents (98.8%) were observed to 
be truly anaemic based on a venous sample using Mission 
Plus. Based on the capillary results, 166 respondents (97.1%) 
were identified as anaemic using Mission Plus, while five 
respondents were falsely identified as anaemic. Table 2 shows 
the sensitivity, specificity, PPV, NPV and accuracy of detecting 
anaemia using Mission Plus.

The Pearson’s correlation coefficient between Mission® 
Plus Hb and standard reference was high; for capillary 
hemoglobin the correlation, r, was 0.909 (P<0.001), while for 
venous haemoglobin, r was 0.940 (P<0.001). 

Table 1. 
Hemoglobin (Hb) values of respondents (n=622)

Test Hb (g/dl)
mean±SD 

Range
(min-max)

Mission® Plus Hb Capillary 11.80 ± 2.02 6.4-19.8
Venous 12.16±1.84 5.5-20.1

Gold standard (reference)
Sysmex XE-2100

Venous 13.07±1.87 6.9-21.3

Table 2. 
Validity of Mission Plus in detecting anemia in comparison to 
standard reference

Validity Anemic* (venous) Anemic* (capillary)
Sensitivity (95% CI) 98.8% 97.1% 
Specificity (95% CI) 73.4% 62.5% 
Positive Predictive Value 58.5% 49.6%
Negative Predictive Value 99.4% 98.3%
Accuracy 80.4% 72.8%

  *Hb < 12 g/dl for females and Hb < 13 g/dl for males
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Discussion
In a community survey, the collection of venous blood 

samples is mostly unacceptable and the analysis of fresh 
blood at the standard laboratory is unfeasible. The anemia 
estimation using POCT allows the collection of information 
that may otherwise be inaccessible. In order for Mission Plus 
to be an acceptable POCT for haemoglobin measurement in a 
nationwide survey, it would have to be precise and accurate. 
The Ministry of Health Malaysia has produced a guideline to 
safeguard patient safety and management [13].

Our study found that the Hb concentrations in the 
capillary and venous samples tested with Mission® Plus Hb 
were on average lower than those recorded in the reference 
laboratory using venous samples. The standard for assessing 
the accuracy of the Hb measurement using POCT varies based 
on its clinical usage; it ranges from 0.5 g/dl for a perioperative 
blood transfusion [14] to 1.0 g/dl in various other settings 
[6,15]. As such, a mean difference of 1.27 g/dl for capillary 
and 0.91 g/dl for venous samples using Mission® Plus Hb 
as compared to the standard reference is considered good. 
The Hb estimation using Mission Plus as the screening tool 
in a national survey should be interpreted with caution as 
it may result in overestimating the prevalence of anaemia 
in Malaysia. The possibility that humidity may change the 
reagents in the Mission® Plus Hb hemoglobin meter should 
also be considered, as happened in a validity study of POCT 
HemoCue in Australia [16]. Thus, maintenance of proper 
storage and handling is very crucial. 

The findings of lower Hb using POCT Mission® Plus 
Hb did not agree with findings from POCT HemoCue, which 
exhibited higher Hb compared to the results from the automated 
analyser [9,17-20]. Technical errors such as incomplete filling 
or bubbles in a pipette may have also influenced the results 
from some samples in our study.  

Our study found that the ability of the POCT to detect 
anaemia, based on the PPV, was moderate. In addition, the 
specificity of the Mission Plus in detection of non-anaemia 
was 62.5% and 73.4% for capillary and venous samples, 
respectively. This figure is lower compared to a specificity 
of 100% using POCT HemoCue [9,17,18]. In contrast, the 
sensitivity of the Mission Plus for screening for anaemia 
was almost 100% for both capillary and venous samples. 
Furthermore, the correlation was also high. Thus, considering 
the above-mentioned values, Mission Plus is suitable to be 
used as a screening method for detection of anaemia in a mass 
population although it is necessary to emphasize a thorough 
training of those involved in the survey to minimize technical 
errors.  

Unlike other POCTs that have high specificity but 
moderate sensitivity, we found high sensitivity with moderate 
specificity and accuracy of Mission Plus in the detection of 
anaemia. The reasons for these differences require further 
investigation. Further study is also required to assess the 
conversion factor from capillary to venous blood at different 
levels of anemia. 

Our study has several strengths. Our samples included 
the whole spectrum of age groups from young adults to the 

elderly to avoid selection bias. We also used a blind and 
independent comparison between the findings using Mission® 
Plus Hb at a primary care centre with the measurement 
of haemoglobin using Sysmex XE-2100 at the reference 
laboratory. Our sample size was properly calculated using a 
specific formula and was much bigger compared to the sample 
size of other validity studies of a POCT. A limitation noted 
from this study is the lack of comparison with arterial blood 
samples. Other validation POCT studies have compared 
capillary with venous and arterial blood samples, but in our 
study, collection of arterial blood samples was not suitable as 
the study site was a primary care centre.  

Implications and recommendations

A highly sensitive tool is crucial for a screening, but high 
specificity is also a desired criterion to avoid unnecessary false 
positive results. As such, a positive finding with this POCT 
must be followed up by a confirmatory test before starting on 
any treatment. This tool might not be suitable to be used in a 
clinical setting such as monitoring of anaemic patients. On the 
positive side, we support the use of this POCT for screening 
for anemia in a mass population due to its characteristics as 
a rapid, fairly accurate and less costly method compared to 
other POCTs. However, it is necessary to note that any POCT 
should not replace formal laboratory venous sampling, which 
still remains the gold standard for haemoglobin measurement.

Conclusion
 Our study found that Mission® Plus Hb has high 

sensitivity and moderate specificity and is considered suitable 
to be used as a screening tool for assessment of hemoglobin 
levels in a mass population.
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Abstract
Our epidemiological survey is the first step in studying prevalence and risk factors of postmenopausal osteoporosis (PMO) 

in the Republic of Uzbekistan, aiming at development of early preventive and therapeutic measures to reduce osteoporosis-
associated fractures. 

Methods: We screened 1378 postmenopausal female residents of Tashkent and Namangan, two cities with the largest 
populations in Uzbekistan, aged from 50 to 80. The duration of the postmenopausal period was ≥1 year. 

Results: According to our data, the prevalence of osteoporosis in different regions of Uzbekistan varies widely (33.5% and 
51.1% in Tashkent and Namangan, respectively). The prevalence of osteoporosis increases with age from 25.6% (50 to 59 years) 
to 51.3% (in >70 age group) in Tashkent and from 44.0% to 80.0% in  the same age groups in Namangan.

There were significantly more women in Namangan with body mass <57 kg than in Tashkent (OR 2.44; 95%CI 1.72-3.46; 
P<0.00001). We found that the number of women doing physical exercises in Tashkent was 2 times more than in Namangan 
(65.5% versus 36.1%, OR 3.36; 95% CI 2.64-4.27; P<0.0001).

Conclusion: Our research shows that osteoporosis is widely spread among women above 50 living in two big densely 
populated cities of Uzbekistan (Tashkent and Namangan). Low body mass and irregular physical activity, fracture history, and 
duration of menopause are the factors of risk in the studied cohorts of women. 

Keywords: menopause; risk factors; osteopenia; osteoporosis.

Introduction
Postmenopausal osteoporosis (PMO) is a systemic, 

multifactorial skeletal disease occurring in women in 
postmenopause as a consequence of deficiency of sexual 
hormones, mainly estrogens. The disease is characterized by 
progressive loss of bone mass and change in microstructure, 
resulting in increased risk of fracture, morbidity, and 
mortality.  PMO constitutes up to 80% to 85% of all 
types of osteoporosis [1-3]. Osteoporosis frequency in all 
skeletal sites increases with age; thus, according to WHO, 
osteoporosis is registered in 70% of women older than 80 
years [4]. Findings from epidemiological studies in the 
Russian Federation demonstrated that in the age group of ≥50 

years, according to WHO criteria, osteoporosis occurred in 
30.5% to 33.1% of women and in 22.8% to 24.1% of men, 
totaling10 million people [5], which means that 1 woman 
out of 5 and 1 man out of 3 have osteoporosis. Similar data 
were published on prevalence of osteoporosis among women 
of the white population of North America and a number of 
countries of Western Europe [6-8]. Frequency of osteopenia 
and osteoporosis among perimenopausal female residents 
of Tashkent is 55.7% and 12.2%, respectively [9]. But no 
epidemiological studies of postmenopausal osteoporosis have 
been conducted in the Republic of Uzbekistan so far. 

According to the U.S. Census Bureau International 
Database, in 2014 the population of Uzbekistan was 29 million 
people, 17% (4.2mln) and 3.4% (971,000) of people being ≥ 
50 and ≥70 years of age, respectively. By 2050 in the face of a 
general population rise to 35 million people, 40% (14mln) and 
12% (4.2mln) are expected to be ≥ 50 and ≥ 70 years of age, 
respectively. No specially designed epidemiological studies of 

EPIDEMIOLOGY
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osteoporosis and osteoporotic fractures have been conducted. 
However, according to the Research Institute of Traumatology 
and Orthopedics, there are at least 30,000 people with 
osteoporosis and 150,000 with osteopenia in Uzbekistan. 
The number of patients with osteoporosis and osteopenia is 
predicted to increase up to 250,000 by 2020.

Our epidemiological survey is the first step in studying 
prevalence and risk factors of postmenopausal osteoporosis in 
the Republic of Uzbekistan, aiming at development of early 
preventive and therapeutic measures to reduce osteoporosis-
associated fractures. 

The work was initiated to study prevalence and various 
risk factors of postmenopausal osteoporosis among female 
residents of Tashkent and Namangan.

Materials and methods
We screened 1378 postmenopausal female residents 

of Tashkent and Namangan, two cities with the largest 
populations in Uzbekistan, aged from 50 to 80. The duration 
of the postmenopausal period was ≥1 year. The groups were 
comparable by parameters. Duration of osteoporosis and 
menopause ≥1 year was the inclusion criterion. Diseases 
affecting bone metabolism, such as hyperparathyroidism, 
thyrotoxicosis, Itsenko-Cushing’s syndrome and disease, 
hypogonadism in medical history, rheumatic disorders, 
malabsorption syndrome, renal insufficiency, hepatic 
dysfunction, and malignancies, as well as prior treatment with 
medications affecting calcium metabolism 12 months before 
the study, were the exclusion criteria. 

The study was conducted in accordance with the ethical 
principles stated in Declaration of Helsinki of 1964 (revised in 
Seoul in 2008). The trail is registered on www. who.int/bulletin/
archives/79(4)373;http://www.wma.net/en/30publications 
/10 policies /b3/. The study was approved by the Center for 
the Scientific and Clinical Study of Endocrinology Ethics 
Committee. Written informed consent was obtained from all 
participants. A special questionnaire chart was developed in the 
Center and was filled out for each woman. The chart included 
demographic and anthropometric data (age, height, weight), 
gynecological and hormonal history (age of menarche, age 
of menopause, the number of children, reproductive history), 
private and familial history of fractures, the present way of 
life (physical activity, smoking, drinking, and everyday use of 
dairy products). 

Bone mineral density (BMD) was measured by 
ultrasound osteodensitometry (Omnisense 8000, Sunlight, 
Israel). 

According to clinical guidelines, diagnosis of 
osteoporosis or osteopenia was based on the values of a T-score, 
the number of standard deviations (SD) from age norm. 
Thus, osteoporosis was diagnosed with T-score of 2.5 SD, 
the parameter’s range from >-2.5 SD to ≤ 1.0 SD determined 
osteopenia, and the value <-1.0 SD was taken as normal. 
Every patient filled in a card-questionnaire developed at the 
Center for the Scientific and Clinical Study of Endocrinology, 
Uzbekistan Public Health Ministry.

Results were statistically processed using Excel 2010 

and the software package STATISTICA 6.0 (Stat Soft, 2001). 
Logistic regression was used to calculate OR and 95% CI. 
Quantitative parameters are presented as M±SD, as well as 
Median (Me) and 25th and 75th percentiles as Inter Quartile 
Range (IQR). We used the Chi-square test to compare 
observed data.  P values of <0.05 were considered statistically 
significant.

Results
We screened 1378 postmenopausal women aged ≥ 50 

years (mean age 57.9 ± 6.4 years, IQR 53.0 to 62.0) within the 
period from 05.01.2010 to 05.01.2011. Residents of Tashkent 
were placed into Group 1 (n=963), and residents of Namangan 
into Group 2 (n=415). Among the examinees 371 (26.9%) 
women had normal BMD (nBMD), while osteopenia and 
osteoporosis were diagnosed in 473(34.3%) and 534 (38.8%) 
examinees, respectively (Table 1). 

Table 1.  
Characteristics of women in Tashkent and Namangan

 Variable Tashkent
 n=963

Namangan
 n=415

Total
 n=1,378

 n % n % n %
nBMD 296 30.7 75 18.1 371 26.9
Osteopenia 345 35.8 128 30.8 473 34.3
Osteoporosis 322 33.5 212 51.1 534 38.8
Age       
50-59 year 555 57.6 327 78.8 882 64.0
60-69 year 330 34.3 68 16.4 398 28.9
≥70 year 78 8.1 20 4.8 98 7.1
Weight <57 kg 74 7.7 70 16.8 144 10.4
BMI<20.0 kg/m2 15 1.6 11 2,7 26 1.9
Daily
consumption of dairy 
products 208 21.6 90 21.7 298 21.6
Regular physical 
activity (not less than 
30 min per day) 631 65.5 150 36.1 781 56.7
Cigarette smoking 26 2.7   26 1.9
Consumption
coffee  52 5.4 41 9.9 93 6.7
Previous fracture 16 1.7 25 6.0 41 3.0
Age, year 59.9±6.4 55.5±5.8* 57.9±6.4

Me: IQR 58.0;
 54.0:63.0

54.0;  
50.0:59.0

57.0; 
53.0:62.0

BMI 29.7±5.3 28.9±5.5* 29.5±5.4

Me: IQR 29.3; 
26.1:32.9

28.3; 
25.3:32.3

28.9; 
26.0:32.7

T-score -1.86±1.5 -2.34±1.52* -2.00±1.54

Me: IQR -1.89; 
-2.91:-0.78

-2.60; 
-3.60:-1.20

-2.05; 
-3.10:-0.90

Duration of
menopause, year 10.8±8.2 9.4±7.1* 10.4±7.9

Me: IQR 10.0; 
4.0:16.0

8.0; 
4.0:14.0

9.0; 
4.0:15.0

Weight, kg 75.3±13.8 70.0±13.7* 73.7±14.0

Me: IQR 74.0; 
65.4:84.8

69.0; 
60.0:78.0

72.0; 
64.0:82.0

* - P < 0.0001
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The maximum number of women with nBMD was 
found in the age group of 50 to 59 years (80.6%). With ageing, 
a progressive reduction in the percentage of patients with 
normal parameters was observed: 17.5% and 1.89% in the 
age groups of 60 to 69 and 70 to 79 years, respectively. In 
women with osteopenia the tendency persists, but there were 
significantly fewer women aged from 50 to 59 years in the 
osteopenia group than in the group with nBMD (62.8% versus 
80.6%; OR 0.41; 95%CI 0.30-0.56; P<0.0001). There were 
significantly more women aged from 60 to 69 (OR 2.0; 95%CI 
1.43-2.79; P<0.0001) and from 70 to 79 (OR 4.16; 95%CI 
1.82-9.47; P<0.0001) years in the group with osteopenia than 
in the group with nBMD.

In the osteoporosis group there were confidently fewer 
women aged from 50 to 59 (53.6%) than in the group with 
nBMD (OR 0.28; 95%CI 0.2-0.38; P<0.0001) and in the group 
with osteopenia (OR 0.68; 95%CI 0.53-0.88; P<0.0001). 
However, among examinees with osteoporosis there were 
confidently fewer women aged from 60 to 69 (36.0%) than in 
the group with nBMD (OR 2.64; 95%CI 1.92-3.64; P<0.0001) 
and in the osteopenia group (OR 1.32; 95%CI 1.01-1.72; 
P=0.05).

About 10.5% of women with osteoporosis belonged 
to the 70- to 79-year-old group; they were confidently more 
in number than in the group with nBMD (OR 6.09; 95%CI, 
2.74-13.5; P<0.0001) and more, though not confidently, than 
in the group with osteopenia (OR 1.47; 95%CI 0.94-2.28; 
P=0.11). As to residency, there were confidently fewer women 
with nBMD in Namangan than in Tashkent (18.1% versus 
30.7%, OR 0.50; 95%CI 0.37-0.66; P<0.0001). In addition, 
osteoporosis in Group 2 was found in 51.1% of examinees 
from Namangan versus 33.5% in those from Tashkent (OR 
2.08; 95%CI 1.64-2.63; P<0.0001) (Fig.1).

Namangan residents in the 50 to 59 and the 60 to 69 
age groups were 1.5 and almost 5 times less than Tashkent 
residents, respectively. Similarly, a low frequency of nBMD 
could be seen in women aged from 70 to 79. Prevalence of 
osteopenia was found not to depend on age in Tashkent 
residents. The number of osteopenia cases confidently reduced 
among examinees from Namangan. With ageing, the number 
of women with osteoporosis was found to increase in both 
cities, but among Namangan residents the number was almost 
2 times more.  Thus, osteoporosis frequency was higher in the 

Namangan group than in the Tashkent group. In Namangan, 
nBMD was found in fewer female residents, and osteoporosis 
frequency was higher.  

By means of analysis of BMD dependence on age, 
we found that the mean age of the examinees was 57.9±6.4 
years; the Tashkentian examinees were significantly older than 
Namanganians (59.9±6.4 versus 55.5±5.8). This tendency was 
confirmed by more detailed analysis of the dependence of the 
degree of BMD on age. However, despite the fact that among 
examinees in the second group osteopenia and osteoporosis 
frequencies were higher, the women on average were 3 to 6 
years younger than those in the first group. 

There were significantly more women in Namangan 
with weight <57 kg than in Tashkent (OR 2.44; 95%CI 1.72-
3.46; P<0.00001) (Fig.2.). There were more patients with low 
BMI in the cohort of Namangan residents with osteopenia and 
osteoporosis. Comparative analysis of parameters in the two 
cities demonstrated more women with lower limit of weight 
in Namangan. This seems to be the cause of higher osteopenia 
and osteoporosis in Group 2. We have found no substantial 
differences in the rate of BMI<20.0 kg/m2 in the studied 
cohort of women (OR 1.72; 95%CI 0.78-3.78; P=0.25). 
Neither irregular administration of calcium nor smoking made 
a significant difference.  

Regular physical activity among women with 
osteoporosis was significantly rarer than in women with 
nBMD (48.1% versus 64.4%, OR 0.51; 95%CI 0.39-0.67; 
P<0.0001). At the same time, the number of women doing 
physical exercises in Tashkent was 2 times more than in 
Namangan (65.5% versus 36.1%, OR 3.36; 95%CI 2.64-
4.27; P<0.0001). Tashkent female residents with osteoporosis 
were physically active more regularly than Namangan female 
residents (62.4% versus 26.4%, OR 4.63; 95%CI 3.17-6.76; 
P<0.0001). In Namangan, the percentage of physically active 
women in the osteoporosis group (26.4%) was confidently 
lower than those in nBMD group (49.3%, OR 0.37; 95%CI 
0.21-0.64; P<0.0001) and in the osteopenia group (44.5%, OR 
0.45; 95%CI 0.28-0.71; P<0.0001). 

We studied osteoporosis frequency by duration of 
menopause. In Namangan, there were more women with 
menopause onset before 45 years of age than in Tashkent 

Figure 1. Frequency of BMD disorders among residents 
of Tashkent and Namangan

Figure 2. The percentage of women with weight less than 
57 kg depending on the bone mineral density
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(30.8% versus 14.2%, OR 2.69; 95%CI 2.04-3.54; P<0.0001). 
There were many more nBMD women with a menopause 
duration less than 5 years compared to PMO women (45.0% 
versus 20.8% OR 3.13; 95%CI 2.26-4.32; P<0.0001). It was 
much more frequent among residents from Tashkent (52.4% 
versus 15.2%, OR 6.09; 95%CI 3.98-9.32; P<0.0001) than 
from Namangan (30.1% versus 31.7%, OR 0.93; 95%CI 0.54-
1.59; P=0.89). Osteoporosis was confidently more frequent 
among patients with menopause duration more than 10 years 
(51.7% versus 14.3%, OR 6.11; 95%CI 4.61-8.11; P<0.0001).

Discussion 
Osteoporosis has become a major public health concern, 

which leads to increased rates of morbidity and mortality.  
Epidemiological investigations have shown that there is no 
country, nationality or race free from osteoporosis.  According 
to NHANES data, there are 14 million women in the US 
aged more than 50 with low hip bone density.  Prevalence 
of osteoporosis in all parts of the skeleton rises with age.  
According to WHO data, it exists in 70% of women more 
than 80 years old [10]. The disorder is being diagnosed in 
all age groups (from 6% in individuals >50 years to 50% 
among individuals >80 years) [11]. A recent study on the 
epidemiology of osteoporosis in the United States found a 
prevalence of 15.4% among women older than 50 years and a 
prevalence of 34.9% among women older than 80 years [12].

According to our data, the prevalence of osteoporosis 
in different regions of Uzbekistan varies widely (33.5% 
and 51.1% in Tashkent and Namangan, respectively). The 
prevalence of osteoporosis increases with age from 25.6% (50 
to 59 years) to 51.3% (in >70 age group) in Tashkent and from 
44.0% to 80.0% in in the same age groups in Namangan.

Low weight or low BMI is an indicator of low mineral 
density of bone tissue and a predictor of future fractures, 
particularly of the hip. Low BMI is <20 kg/m2, low BMD - 
<57 kg [13,14]. Our data show that there were many more 
residents with body mass <57 kg in Namangan, than in 
Tashkent, but there was no difference in the number of 
residents with BMI<20 kg/m2.

A low intake of calcium can lead to increased resorption 
of the bone matrix with demineralization and a consequent 
increase in fracture risk [1]. There were an equal number of 
women in studied cohorts using dairy products.

Persistent low physical activity is known to facilitate 
osteoporosis in older years. A sedentary style of life and 
immobilization result in rapid bone mass loss associated with 
accelerated bone resorption and slow bone formation [15]. 
Our study showed that the number of women doing physical 
exercises in Tashkent was 2 times more than in Namangan 
(65.5% versus 36.1%, OR 3.36; 95%CI 2.64-4.27; P<0.0001).

According to Van Geel [16,17], the risk of refracture 
increases if the previous fracture took place less than 5 years 
ago.  According to our data from two densely populated 
regions, fractures occurred much more frequently in Namangan 
(6.02% versus 1.7%, OR 3.79; 95%CI 2.0-7.18; P<0.0001).

Menopause and its duration is the most significant 
osteoporosis risk factor. After the onset of menopause, bone 

mass loss is nearly 2% to 3% a year up to the age of 65 to 70, 
the rate subsequently reducing to 0.3% to 0.5% a year [18]. We 
found that the frequency of women with nBMD substantially 
decreases as the duration of menopause increases.

Conclusion
Our research shows that osteoporosis is widely spread 

among women above 50 living in two big densely populated 
cities of Uzbekistan (Tashkent and Namangan). Osteoporosis 
prevalence among Namangan female residents is higher than 
among Tashkent residents (51.1% versus 33.5%), the former 
being 3 to 6 years younger than the latter. Low body mass 
and irregular physical activity, fracture history, and duration 
of menopause are the factors of risk in the studied cohorts of 
women. 
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Abstract
The results of a retrospective study of newly diagnosed cases of congenital heart defects (CHDs) among liveborn infants in 

the Sakha Republic (Yakutia, SR(Y)) are presented. The study was divided into two time periods: Period A (from 2002 to 2002) 
and Period B (from 2011 to 2013). A comparative analysis of the prevalence of CHD detection and the structure of clinical entities 
of CHDs among liveborn infants in Period A (42,827 liveborn infants and 186 cases of CHDs) and Period B (50,104 liveborn 
infants and 899 cases of CHDs) was performed. The prevalence of CHDs among newborns in Period A was 4.34 per 1,000 live 
births, which corresponded to the average CHD frequency in Russia. The prevalence of CHDs among newborns in Period B 
was 17.9 per 1,000 live births, which is significantly higher than in Period A (P=0.0000). The overall growth of the incidence of 
CHDs among newborns in period B was due to an increase in the prevalence and frequency of septal defects. The increase in the 
prevalence of CHDs could be due to many factors, including improvement in the quality of diagnosis in 2011–2013.

Keywords: congenital heart defects; the Sakha Republic (Yakutia); quality of diagnosis.

EPIDEMIOLOGY

Introduction
Currently, the congenital malformations (CDF – 

congenital defect fetus) that occur in 4.0% to 6.0% of 
newborns play an important role in the structure of child 
morbidity, disability, and infant mortality; their contribution 
to the structure of a child’s death in the first year of life is 
more than 20% [1-3]. In CDF structure, CHDs and defects 
of the great vessels occupy one of the first places (22% of all 
CDFs) and their prevalence at birth is 8 to 14 cases per 1,000 
newborns in all countries [4]. Studies conducted in the USA 
and the UK showed that the natural course of CHD resulted 
in death at the end of the first year of life in more than 70% of 
cases. In North America, CHDs are the cause of death of 37% 
of infants and in Western Europe, 45% [5,6]. In the Russian 
Federation, the birth rate of children with CHDs is from 3.2 
to 8.0 per 1,000 live births and tends to rise [5]. According to 

the Russian State Statistics Committee (2013), the SR(Y) has 
a population of 955,580 people. The population of Yakutsk 
is 311,900 people. In the SR(Y), in the structure of infant 
mortality for a number of years, CDFs have takeen second 
place after the “diseases specific to the neonatal period.” In 
2012 compared to 2010, in connection with the transition to 
neonatal care of infants with extremely low birth weight and 
registration of births from 22 weeks of pregnancy (according 
to WHO criteria), there was an increase in the infant mortality 
rate (IMR) of about 1.4 times (9.9 per 1,000 live births) 
and in the perinatal mortality rate (PMR) of about 1.6 times 
(13.7 per 1,000 live births and stillborn).  In the structure of 
IMR, the proportion of CDF increased by about 1.5 times. 
The multiple malformations (33.9%) and malformation of 
heart and central nervous system (21.4%) retain a leading 
position in the structure of all congenital malformations. 
Congenital malformations, of which 48.3% are anomalies of 
the circulatory system, are the main causes of disability in 
children, according to the Sakha Ministry of Health (2012). 
Thus, a significant contribution of CHDs to the formation of 
perinatal and infant mortality, and disability of children, as 
well as insufficient data on the spread, frequency and structure 

*Corresponding author: Tatiana E. Burtseva, PhD, ScD. 
Deputy Director of the Yakutsk Research Center for Complex Medical 
Problems, Yakutsk, Sakha Republic, Russia E-mail: bourtsevat@
rambler.ru



101  T. I. Nelunova et al. / International Journal of BioMedicine 5(2) (2015) 100-103

of CHD in the SR(Y), served as the cause for this study, which 
was performed for the first time.

The aim of this study was to analyze the structure 
of CHDs and great vessels in the newborns in the SR(Y) 
according to the data of the Perinatal Center of the SR(Y) in 
periods from 2002 to 2004 and from 2011 to 2013.

Material and Methods
A retrospective study of newly diagnosed cases of CHDs 

among newborns was conducted on the basis of the Perinatal 
Center of the SR(Y) at the department of neonatal pathology, 
at the department of neonatal care for premature infants, and at 
the department of infectious diseases of newborn infants. The 
study included all cases of CHDs in infants born alive. The 
study was divided into two time periods: Period A (from 2002 
to 2002) and Period B (from 2011 to 2013).  Period A was 
considered as a control group. CHD were recorded according 
to ICD-10: Chapter XVII “Congenital malformations, 
deformations and chromosomal abnormalities”, subparagraph 
“Congenital malformations of the circulatory system ‘’ 
(Q20-Q28). Primary documentation included hospital journals 
and statistical cards of the inpatients. The clinical diagnosis 
of CHD was confirmed by Doppler echocardiography of the 
heart and blood vessels, ECG, X-ray, angiographic study, and 
CT angiography. Incidence rate was calculated per 1,000 live 
births. Written informed consent was obtained from the child’s 
parents. Statistical analysis was performed using statistical 
software “Statistics Calculator”, https://www.statpac.com/
statistics-calculator/percents.htm). P values of <0.05 were 
considered statistically significant.

Results and Discussion
According to case records, diagnosis of CHDs among 

newborns was registered in 186 cases for Period A and in 899 
cases for Period B. A comparative analysis of the prevalence 
of CHD detection and the structure of clinical entities of 
CHDs among liveborn infants in Period A (42,827 liveborn 
infants and 186 cases of CHDs) and Period B (50,104 liveborn 
infants and 899 cases of CHDs) was performed. The results 

of the study are presented in Table 1. According to our data, 
the prevalence of CHDs among newborns in Period A was 
4.34 per 1,000 live births, which corresponded to the average 
CHD frequency in Russia [1]. The prevalence of CHDs among 
newborns in Period B was 17.9 per 1,000 live births, which 
is significantly higher than in Period A (P=0.0000). The 
increase in the prevalence of CHDs could be due to many factors, 
including improvement in the quality of diagnosis in 2011–2013.

All cases of CHDs were divided into three groups: 1) 
septal defects: atrial septal defect (ASD), ventricular septal 
defect (VSD) in combination with patent ductus arteriosus 
(PDA), and pulmonary valve stenosis (PVS); 2) complex 
CHDs: pulmonary atresia (PA), tetralogy of Fallot (ToF), 
atrioventricular septal defect (AVSD), total anomalous 
pulmonary venous connection (TAPVC), transposition of the 
great vessels (TGV), pulmonary stenosis, Ebstein’s anomaly, 
tricuspid atresia,  single ventricle,  double outlet right ventricle 
(DORV), truncus arteriosus, and mitral valve atresia (MVA); 
3) other CHDs: patent ductus arteriosus (PDA), coarctation of 
the aorta (CoA), PVS, partial anomalous pulmonary venous 
connection (PAPVC), tricuspid valve dysplasia,  and coronary 
artery anomalies (CAAs). We analyzed the prevalence and 
frequency of malformations in view of the groups and the 
periods of the study (Table 1).

The results showed a statistically significant increase in 
the prevalence of all CHDs in Period B compared to Period A 
(P=0.0000). The prevalence of septal defects increased from 
3.08 (n=42.827 newborns) to 15.55 (n=50.104 newborns), 
of complex CHDs from 0.54 (n=42.827 newborns) to 0.92 
(n=50.104 newborns), and of other CHDs from 0.61(n=50.104 
newborns) to 1.48 (n=50.104 newborns). The frequency 
of septal defects increased from 73.66% (n=186 CHDs) to 
86.65% (n=899 CHDs), and the frequency of the complex 
CHDs decreased from 12.37% (n=186 CHDs) to 4.67% 
(n=899 CHDs), in comparison with Period A (P=0.0001). We 
also noted a decrease in frequency of other CHDs from 13.97% 
(n=186 CHDs) to 8.68% (n=899 CHDs) in the structure of 
CHDs (P=0.0259). Thus, we concluded that the overall 
growth of the incidence of CHDs among newborns in period 
B was due to an increase in the prevalence and frequency of 
septal defects.

Table 1.

The structure of CHDs among newborns

CHDs
 (ICD-10)

Period А (2002-2004) Period В (2011-2013) P

Abs. number 
of CHDs

1) 2) Abs. number 
of CHDs

3) 4) 
1) vs. 3) 2) vs. 4)

Q21.0-21.1  
Group of septal
defects

 137 3.08 73.66 779 15.55 86.65 P=0.0000 P=0.0000 

Group of complex
CHDs

23 0.54 12.37 46 0.92 4.67 P=0.0000 P=0.0001 

Group of others
CHDs

26 0.61 13.97 74 1.48 8.68 P=0.0000 P=0.0259 

Total 186 4.34 899 17.94 P=0.0000 

1)The prevalence of CHDs per 1,000 live births±0.01, n=42,827 newborns. 2)The frequency of the individual forms of CHDs ( %±0.01), n=186 CHDs. 
3)The prevalence of CHDs per 1,000 live births ± 0.01, n=50,104 newborns. 4)The frequency of the individual forms of CHDs (%±0.01, n=899 CHDs.
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We analyzed the structure of CHDs according to 
the nosological forms (Table 2). In Period B, there was 
a statistically significant increase in the prevalence and 
frequency of septal defects (ASD, VSD combined with 

PDA and PVS) from 0.32 (n=42.827 liveborn infants) to 1.55 
(50.104 liveborn infants) (P=0.0000) and from 73.66% (n=186 
CHDs) to 86.65%(n=899 CHDs) (p=0.0000), respectively, 
and the prevalence and frequency of PAPVC decreased from 

Table 2. 
Nosological forms of CHDs for 2002-2004 and 2011-2013

CHD
(ICD-10)

Period А (2002-2004) Period В (2011-2013) P
Abs.

number of
CHDs

1) 2) Abs.
number of

CHDs

3) 4) 1) vs. 3) 2) vs. 4)

Q21.0-21.1
VSD, ASD,
VSD+PDA, PVS

 137 3.08 73.66 779 15.55 86.65 P=0.0000 P=0.0000 

Q25.0 
PDA

8 1.19 4.30 51 1.02 5.67 P=0.01 P=0.45 

Q25.1
CoA

0 0 0 21 0.42 2.34 P=0.0000 P=0.04 

Q22.1 
PVS

 12 0.28 6.45 0 0 0 P=0.0000 P=0.0000 

Q22.0 
PA

2 0.05 1.08 7 0.14 0.78 P=0.0000 P=0.68 

Q21.3 
ToF

4 0.09 2.15  10 0.20 1.11 P=0.0000 P=0.25 

Q21.0
AVSD

1 0.02 0.54  10 0.20 1.11 P=0.0000 P=0.48 

Q26.2-26.3
TAPVC

1 0.02 0.54 3 0.06 0.33 P=0.0029 P=0.67 

Q26.3  
PAPVC

5 0.12 2.69 1 0.02 0.11 P=0.0000 P=0.0000 

Q25. 
Pulmonary stenosis

4 0.09 2.15 4 0.08 0.45 P=0.60 P=0.01 

Q20.3 
TGV

2 0.05 1.08 4 0.06 0.45 P=0.08 P=0.28  

Q20.1 
DORV

1 0.02 0.54 2 0.04 0.22 P=0.08 P=0.45 

Q20.4 
Single ventricle

0 0 0 1 0.02 0.11 P=0.0035 P=0.65 

Q22.5 
Ebstein’s anomaly

1 0.02 0.54 4 0.06 0.45 P=0.0001 P=0.85 

Q22.8  
Tricuspid valve
dysplasia

0 0 0 1 0.02 0.11 P=0.0035 P=0.65 

Q22.6  
Tricuspid atresia

1 0.02 0.54 1 0.02 0.11 P=1.00 P=0.21 

Q20.0 
Truncus arteriosus

2 0.05 1.08 0 0 0 P=0.0000 P=0.0019 

Q23.4  
MVA  

4 0.09 2.15 0 0 0 P=0.0000 P=0.0000 

Q24.5  
CAAs

1 0.02 0.54 0 0 0 P=0.0016 P=0.03 

Total 186 4.34 899 17.94 P=0.0000 

Note: See Table 1.
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0.012 (n=42.827 liveborn infants) to 0.002 (n=50.104 liveborn 
infants) (P=0.06) and from 2.69 (n=186 CHDs) to 0.11% 
(n=899 CHDs) (P=0.0000), respectively.  There was a lack of 
PVS, arteriosus, and MVA in Period B. Such abnormalities as 
single ventricle, hypoplastic right heart syndrome, tricuspid 
valve dysplasia, and CAAs were detected in a few cases in both 
Periods A and B. Among malformations of the great vessels, 
CoA was not identified in Period A, while in Period B, 21 cases 
of CoA were identified with the prevalence of 0.42 (n=50.104 
liveborn infants) and frequency of 2.34% (n=899 CHDs), 
which may be explained by the improvement in the quality 
of diagnosis, in particular, the use of cardiac catheterization 
with x-ray images. It was noted an increase in the prevalence 
of PA from 0.05 to 0.14 (P=0.0000), ToF from 0.09 to 0.20 
(p=0.0000), and AVSD from 0.02 to 0.20 (P=0.0000) without 
statistically significant change in the share of particular defect 
in the structure of all CHDs in Period B.

Conclusions
• Our study revealed a statistically significant increase of 

the newly diagnosed CHDs among newborns: 17.9 in Period 
B versus 4.34 (P=0.0000) in Period A. The increase in the 
prevalence of CHDs could be due to many factors, including 
improvement in the quality of diagnosis in 2011–2013.

• The overall increase in the prevalence and frequency of 
CHDs among newborns in the Period B was due to an increase 
in the prevalence and frequency of septal defects.

• The identified 21 cases of CoA with the prevalence 
of 0.42 (liveborn infants) and frequency of 2.34% (CHDs) in 
Period B may be explained by the improvement in the quality 

of diagnosis, in particular, the use of cardiac catheterization 
with x-ray images.

• The prevalence of PA, ToF, and AVSD increased without 
a statistically significant change in the share of particular 
malformation in the structure of all CHDs in Period B.

• The prevalence and frequency of PAPVC decreased in 
the structure of all CHDs in Period B.  
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Abstract
 There is so much health and medical information available today that physicians cannot be expected to know it all.  Thus, 

advances in technology have become a necessity for doctors to track patient information and care, and add to patient databases 
for reference and to conduct research.  It is important to understand the new language of digital health, such as Personal Health 
Record (PHR), Electronic Medical Record (EMR) and Electronic Health Record (EHR), all of which sound similar, but are not 
interchangeable.  The ideal comprehensive IT system would empower patients, advance healthcare delivery and transform patient 
data into life-saving research (Kaiser, 2015).  OmniFluent Health is language translation software that will allow for better patient/
practitioner communication and avoid errors.  Digital technology employs the use of big data that is shared, accessed, compiled 
and applied using analytics.  However, information transfer, especially as mandated by current ethics of use of technology, has 
resulted into breach of patient privacy.  Improved digital technology is providing the health care field with upgrades that are 
necessary, electronic files and health records, from mobile apps, and remote monitoring devices.

Keywords:  Personal Health Record (PHR); Electronic Health Record (EHR); digital health; remote monitoring.

PERSPECTIVE

The embracing of health information technology by 
physicians has increased, which has resulted in better patient 
care.  But with so much new medical oriented technology, it 
is important to understand of the language of digital health.  
Personal Health Record (PHR), Electronic Medical Record 
(EMR) and Electronic Health Record (EHR) sound quite 
similar, but they are not identical and are not interchangeable.  
Each has its own function separate from the other.  An 
estimated 70 percent of U.S. doctors already utilize some 
aspect of EHR, however, only about one quarter of those 
subscribe to a sophisticated multifunctional system.  Ideally, a 
comprehensive IT system should empower patients, advance 
healthcare delivery and transform patient data into life-
saving research [1].  The new technological approaches to 
healthcare delivery have resulted in faster and more accurate 
diagnostic and monitoring, more sophisticated coordination 
across regions and agencies and sophisticated risk-checking 
procedures. 

A patient’s Personal Health Record (PHR) is a secure 
portal by which he/she can access the EMR to make and 
change appointments, check lab results, order prescriptions 
and modify personal information.  The EMR is the electronic 
version of a patient’s medical record that connects doctors 
and other caregivers with patient data from every point of 

healthcare, such as x-rays, prescriptions and MRI’s.  The 
EHR is a secure electronic database information from all of a 
patient’s EMRs under one umbrella to avoid redundant testing 
and errors in prescription medication [1], and also allows 
doctors to create a large patient database from which they can 
conduct research. The EMR enables doctors to electronically 
exchange key clinical information with other caregivers to get 
the broader picture of a patient’s medical history [1].

Digital technologies enable analysis of patient data to 
present better and quicker treatment and diagnoses.  E. Lee 
[2] points out that Dr. Watson, a computer developed by IBM, 
helps medical practitioners formulate more accurate diagnoses 
and recommend treatment.  Dr. Watson helps doctors monitor 
the history of their patients, refer to the latest medical studies 
and analyze up-to-date treatment alternatives, enhancing 
doctors’ abilities to diagnose and monitor patient health using 
current information [3].  

According to V. Kaptelinin [4] translation technologies 
are making doctors more effective because they can 
communicate with their patients more easily by overcoming 
language barriers.  OmniFluent Health, a product from 
Science Applications International Corporation (SAIC), 
is translation software for all medical practitioners.  The 
software includes a mobile application (app) which allows a 
practitioner to ask, for example, if a patient is allergic to a 
certain drug.  The app translates to a language that is the patient 
understands, lessening the possibility of prescribing the wrong 
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medication.  R. Symthe [5] points out that, in the United 
States, approximately forty seven million residents do not 
speak English fluently.  Hence, clarifying the communication 
between patients and their doctors more easily will increase 
the doctor’s patient knowledge and avoid errors.

E. Topol [6] indicates that digital technologies will 
allow medical practitioners to easily link up with each other 
without meeting face-to-face.  Nearly one-third of healthcare 
professionals use exclusive healthcare mainstream social 
media networks where they can collaborate with colleagues 
and share resources online [7].  One social network tailored 
for physicians is Doximity. According to E. Lee [2], this 
platform allows doctors in the United States to collaborate 
online and discuss difficult cases.  Doximity has 250,000 
members, representing approximately 40 percent of all U.S. 
doctors who exchange information [7].  Most of the “HIPAA-
compliant one-to-one messages and discussion forums focus 
on business challenges or diagnoses” [7].

G. Eyesenbach [3] maintains that medical digital 
technology, Sherpaa, helps patients and doctors connect via 
the phone or online, avoiding a trip to the emergency room.  
Reliable advice is rapidly provided to patients from medical 
specialists.  V. Kaptelinin [4] points out that digital technology 
employs the use of big data that is shared, accessed, compiled 
and applied using analytics. The medical setting benefits by 
having a robust and efficient clinical and business decision-
making platform.  For instance, medical practitioners can 
leverage huge amounts of patient information collected 
from a number of sources to establish the clinical validity 
of particular managements and how to improve them [5].  In 
addition, doctors can access and share patient medical records 
to eliminate unnecessary medication and/or testing.  

The doctor/patient experience is enhanced by 
technology, due to ease in cooperating with experts and 
physicians in innovative ways and utilizing computers that 
analyze patients’ medical information to provide more efficient 
and better treatment for the patients [2].  As digital technology 
continues to expand the scope of medical interactions and 
medicine, a new revolution in the health care setting is on the 
horizon, such as remote health monitoring for elderly through 
interactive television [8] and other types of hand-held remote 
monitoring devices.

Digital tools have, however, been found to be 
incompatible with changing patient needs. Ideally, the 
current area of research in molecular technology, including 
laser guided surgeries, has fallen short of the necessary 

transmission of information needed to help in completing 
diagnostics.  However, innovative diagnostics which involve 
extreme reliance of technology have in some instances led to 
misdiagnosis, leading to fatalities  [4].  Further, information 
transfer, especially as mandated by current ethics of use of 
technology, has resulted into breach of patient privacy. 

Improved digital technology is providing the health 
care field with upgrades that are necessary, electronic files 
and health records, from mobile apps, remote monitoring 
devices, and medical translation tools which help individuals 
to have healthier lives.  All of the advancements in digital 
technologies are increasingly more sophisticated and are 
becoming a necessity. Doctors cannot avoid the rush of new 
advancements.  And why should they?  There is so much 
information available that physicians cannot be expected to 
know everything (Smythe, 2015). Digital technologies are 
there to help doctors work smarter and more efficiently; hence 
digital technology has become essential in the healthcare 
context.
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