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Abstract
The preterm deliveries are the leading cause of the perinatal morbidity and represent important mortality indicators. Func-

tional cervical insufficiency, which is a phenotypic manifestation of undifferentiated connective tissue dysplasia, plays the main role 
in the development of pregnancy complications in primigravidas (women pregnant for the first time) and primiparas (women giving 
birth for the first time).

Aim of the research: to study the indicators of connective tissue metabolism and basic microelements in order to determine 
the role of undifferentiated connective tissue dysplasia in the pathogenesis of functional cervical insufficiency during pregnancy.
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Methods. The 101 pregnant women (the main group) at the 22–32 week gestation period which were diagnosed with “Func-
tional cervical insufficiency”  were examined, as well as 34 pregnant women with the physiological obstructive function of the cervix 
(the control group). Utilizing immunoenzyme analysis we measured in blood serum the concentration of Total P1NP the amino-ter-
minal propeptide of procollagen type I a marker of synthesis, and β-CrossLaps resorptions marker of the connective tissue. Utilizing 
the automatic analyzer of electrolytes and a set of reagents for their determination we estimated the content of microelements Na+, 
K+, Mg2+, Ca2+ and total Ca and P.

Results. The functional cervical insufficiency in pregnant women was indicated by cervical shortening up to 22.88±1.02 mm, 
and the majority of women (76.2 %) had phenotypical manifestations of undifferentiated connective tissue dysplasia. We found a 
significant increase in the concentration of marker of synthesis Total P1NP, whereas the concentration of resorption marker β-Cross-
Laps remains normal, and strong reverse correlation (r=–0.7362) between the index of cervix length and concentration of marker 
of connective tissue synthesis Total P1NP. We detected a significant increase in the concentration of total and ionized calcium, total 
phosphorus, deficiency of ionized magnesium, potassium and sodium that lead to changes in the structure of connective tissue and 
reduction of cervical obstructive function.
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1. Introduction
Premature delivery is one of the most common complications of pregnancy. In the general 

population of pregnant women, the rate of premature delivery is 10–30 % and does not decrease  
[1, 2]. Cervical insufficiency (CI) is one of the leading reasons of extremely early and early preterm 
deliveries. Clinically CI happens at 22–28 weeks of pregnancy leading to premature deliveries and 
such newborns have indicators of perinatal morbidity and mortality [3, 4].

The mechanism of the probable miscarriage in a case of functional CI is not studied com-
pletely. Contrary to the anatomical and congenital one, the functional CI is based on the relative or 
absolute progesterone deficiency. The lack of progesterone, which provides a physiological func-
tional condition of the isthmus and the internal orifice of the uterus, causes to the development of 
premature delivery of primigravida [5, 6]. The routine practice lack preclinical diagnostic criteria 
and recommendations for antenatal care of pregnant women with functional CI, which leads to late 
diagnosis, complications, and loss of pregnancy [1, 5]. The causes of functional CI are numerous 
and various [7, 8]. The least studied aspects of the problem are the role of undifferentiated connec-
tive tissue dysplasia (UCTD) and the violations of the nutritional status in the genesis of extremely 
early and early preterm deliveries.

Numerous studies of recent years show the importance of normal functions of connective 
tissue (CT) for the female organism in the nonpregnant state as well as in the pregnant one [9, 10]. 
The CT’s proper functional condition is important for the regulation of morphogenesis and the 
functional regulation of the reproductive system, namely ovulation, permeability of cervical mu-
cus, transport function of the fallopian tubes, endometrium decidualization process, physiological 
implantation and remodeling of the uterus during pregnancy, the formation of the placental barrier 
and the functioning of the vascular endothelium. At the same time, modern studies show numerous 
pregnancy complications in patients with UCTD such as miscarriage and premature delivery, pre-
eclampsia, placental dysfunction, premature rupture of amniotic membranes [9, 11]. The process 
of delivery and the postpartum period are mostly complicated by abnormalities of labor activity, 
birth trauma, bleeding and disorders of wound repair after surgery [3, 4]. It suggests that there is a 
disturbance in the ratio between connective and muscle tissues, which are characteristic for UCTD. 
Similar changes in the form of reduction of the collagen amount and increased mass of muscle 
tissue are observed in a case of cervical insufficiency [3, 11].

The nutritional status is crucially important for the development of pregnancy and normal 
functioning of CT [12, 13]. Dysmicroelementosis, magnesium and calcium deficiency, in partic-
ular, cause changes in CT structure [14]. Magnesium deficiency affects the structure of collagen, 
elastin and collagen fibers due to the synthesis slowdown of structural components of CT and the 
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activation of degradation processes [15, 16]. Calcium ions determine the elastic properties of CT 
components and take part in the activation of elastase [14, 17].

Despite all known information the significance of CT insufficiency and the role of imbal-
ance of the nutritional status system in the pathogenesis of functional CI has not been thoroughly 
studied.

2. Aim of the research
Therefore, we aimed to study the indicators of connective tissue metabolism and basic mi-

croelements in order to determine the role of undifferentiated connective tissue dysplasia in the 
pathogenesis of functional cervical insufficiency during pregnancy.

3. Materials and methods
A prospective clinical examination of 101 pregnant women, “main group”, in the gestation 

period between 22 and 32 weeks with a diagnosis of “Functional cervical insufficiency” was con-
ducted during 2015–2017. “Control group” included 34 pregnant women with the physiological 
obstructive function of the cervix. All women were treated in the Department of Pathology of Preg-
nancy and Delivery, State Institution “Institute of Pediatrics, Obstetrics and Gynecology named 
after academic A. M. Lukyanova of NAMS” (Kyiv, Ukraine).

All pregnant women were examined in accordance with the quality standards of the antena-
tal care program. The clinical diagnostic criteria for CI included: the cervix opening ≥2 cm in the 
absence of uterine contractions and placental abruption, prolapse of the fetal bladder from the ex-
ternal orifice of the uterus. During a transvaginal ultrasound examination, the diagnosis was con-
firmed in the case of cervix shortening ≥25mm, the presence of the wedge-shaped transformation 
of the cervical canal by ≥40 % of its length [18, 19]. All pregnant women were offered to undergo a 
voluntary clinical interview in order to identify phenotypic manifestations of UCTD (myopia, var-
icose disease, vegetative-vascular dystonia, osteochondrosis, biliary dyskinesia, nephroptosis) [11].

In order to determine the role of UCTD in the genesis of functional CI, the concentration of 
collagen metabolism products and the most important microelements were determined. The study 
was conducted utilizing ELISA in the Laboratory of Biochemical and Clinical Analysis of State 
Institution “The Institute of Traumatology and Orthopedics” of NAMS (Kyiv, Ukraine). The con-
centration of synthesis marker Total P1NP (amino-terminal propeptide of type I procollagen), re-
sorption marker β- CrossLaps of CT (utilizing automated analyzer Cobas-411 (RocheDiagnostics, 
USA)), the contents of trace elements Na+, K+, Mg2+, Ca2+ and total Ca and P (utilizing automatic 
analyzer of electrolytes and a set of reagents for determining Easylyte (Medica, USA)) were deter-
mined in the serum of pregnant women. 

Statistical comparisons were conducted using Student’s t-test and Fisher’s angular trans-
formation. Quantitative data were expressed as the mean value ±SEM. The calculations were per-
formed using software STATISTICA for Windows and Microsoft Excel 10.0. If p<0.05 the differ-
ence was considered significant. The results were compared using multiple correlation data analysis 
and calculation of Pearson linear correlation coefficient (r) [20].

4. Results of the research
According to age, place of residence, social and family status pregnant women of the main 

and control groups were homogeneous, that allowed us to study differences caused by CI. It was 
determined that 77 (76.2 %) of pregnant women in the main group had diseases and conditions that 
are clinical signs of UCTD. The diseases of the cardiovascular system (54 pregnant women in the 
main group – 53.5 %, and 8 pregnant women in control group – 23.5 %, p<0.05), ophthalmic pathol-
ogy (26 pregnant women in the main group – 25.7 %, 3 pregnant women in control group – 8.8 %;  
p<0,05), diseases of the gastrointestinal tract and hepatobiliary system (42 pregnant women in 
the main group – 41.6 %, 7 pregnant women in control group – 20.6 %; p<0,05) were significantly 
more often detected. The diseases of urinary (9 pregnant women – 26.4 %) and cardiovascular 
systems (8 pregnant women – 23.5 %) and ENT-organs (ear, nose, and throat) (8 pregnant women –  
23.5 %) prevailed in pregnant women of the control group. The primigravidas represented the 
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majority within examined pregnant women (54.5 %, of the main group, 55.9 % of the control 
group) as well as by multigravidas who were going to give a birth for the first time (the main group  
45.5 %, control group 44.1 %).

Transvaginal ultrasound examination revealed that length of the cervix in pregnant women 
of the main group had ranged between 8 and 32 mm. The average length was 22.88±1.02 mm that 
was considered as a predictor of premature delivery. The average value of the cervix length in the 
pregnant women of the control group was 37.44±0.44 mm (p<0.05) that corresponds to normal 
physiological parameters.

In order to estimate the condition of cervical fibrous connective tissue the concentration 
of Total P1NP, a marker of the type I collagen synthesis was determined in the serum of pregnant 
women. The concentration of P1NP was significantly increased (68.15±3.55 ng/ml) in the serum 
of pregnant women of the main group in comparison with values for the pregnant women from the 
control one (50.90±4.27 ng/ml; p<0.05) and the physiological norm. The pregnant women from the 
control group had markers of production and resorption of type I collagen synthesis in balance that 
ensures the maintenance of proper physiological function of elastic fibers and cervix. At the same 
time, the average value of CT resorption marker β-CrossLaps, a product of collagen degradation 
in pregnant women of both groups, was within the physiological norm (0.390±0.02 ng/ml and 
0.300±0.02 ng/ml, respectively).

Considering dependence of the condition of connective and smooth muscle tissues on the 
micro-nutritional status, the content of trace elements was studied in blood serum of pregnant 
women of both groups. The results show increased total calcium concentration in pregnant women 
of the main group (2.60±0.03 mmol/l) compared with the physiological norm by 4.8 % and with 
the same indicator of the pregnant women of the control group (2.21±0.09 mmol/l; p<0.05) by 
17.6 %. A similar trend was revealed for the indicators of ionized calcium (1.39±0.02 mmol/l), 
which exceeded average physiological norm and values in pregnant women of the control group 
(1.11±0.03 mmol/l; p<0.05) by 5.3 % and 25.2 %, respectively. The concentration of blood serum 
phosphorus in pregnant women of the main group (1.50±0.02 mmol/l) was significantly higher than 
in the control group (1.13±0.06 mmol/l; p<0.05) by 32.7 % and by 3.4 % exceeded the physiological 
norm. The average concentrations of magnesium ions, which are involved in the metalloproteinases 
functions and regulate degradation or proteolysis of collagen fibers, was lower in blood serum of 
pregnant women of the main group (0.64±0.01 mmol/l) comparing with the control group values 
(0.86±0.03 mmol/l; p<0.05) by 25.6 % and by 3.0 % lower than physiological norm. The results 
show the decreased concentration of potassium ions in the blood serum of pregnant women of the 
main group (3.29±0.09 mmol/l) in an average by 6 % comparing to the physiological norm and by 
20.5 % comparing to values in pregnant women of the control group (4.14±0.21 mmol/l; p<0.05). 
A similar trend was observed for ionized sodium concentration. The average value in blood serum 
of pregnant women of the main group (127.57±1.72 mmol/l) was lower than the physiological norm 
by 5.5 % and by 9.7 % lower than the values in the control group (141.29±5.81 mmol/l; p<0.05).

5. Discussion of the results
The accumulation of type I collagen in the cervix promotes premature tissue softening, open-

ing of the internal orifice and cervical canal during pregnancy leading to the manifestation of pre-
mature delivery. The predominance of the type I collagen synthesis over the resorption is one of the 
leading factors in the pathogenesis of asymptomatic progressive softening, shortening and opening 
of the cervix. Our study has shown increase in pregnant women blood serum of marker of con-
nective tissue synthesis that coincides with the results of Oxlund et al. [21] and Bohîlțea et al. [22].  
The revealed observations confirmed by correlation analysis. The pregnant women of the main 
group characterized by a strong inverse correlation (r=–0.7362) between the length of cervix and 
concentration of connective tissue synthesis marker Total P1NP (Fig. 1).

The concentration of calcium ions determines the activity of elastin fibers and takes part in 
the activation of elastase centers [16, 17]. Therefore, the change in concentration of total and ion-
ized calcium worsens the properties of both connective tissue and organs. Thus, the ratio between 
calcium and phosphorus in the blood serum of pregnant women in the main group was 1.7:1. These 
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data suggest about the increase in the amount of muscle tissue in the cervix that occurs during 
pathological replacement of CT with smooth muscle tissue.

Fig. 1. Inverse correlation (r=–0.7362) between concentration of Total P1NP and cervical length of 
pregnant women in the main group

The statistical analysis (Fig. 2) revealed strong inverse correlation (r=-0.7505) between 
Mg2+ concentration and marker of CT synthesis Total P1NP in blood serum of pregnant women 
of the main group. The results confirm the correlation between CT and magnesium concentration 
and indicate the persistent insufficiency of the cervical opening in the examined pregnant women.

Fig 2. Inverse correlation (r=–0.7505) between concentration of Total P1NP and Mg2+ ions in 
blood serum of pregnant women in the main group

The magnesium status, which was registered in pregnant women of the main group, might 
be one of the reasons for membrane transport perturbation and disbalance of Na+/K+.

Therefore, a thorough study of the hormonal status and the correlation analysis between 
markers of synthesis and resorption of connective tissue and essential hormones during pregnancy 
in pregnant women is advisable. The obtained results would enable prediction at preclinical stage 
of pathological changes in structure of cervix and enable determination of the appropriate pathoge-
netically based therapy for pregnant women.

6. Conclusions
1. Primigravidas with clinical manifestations of undifferentiated connective tissue dysplasia 

are a high-risk group for the development of cervical insufficiency during pregnancy and require 
preconceptional pregravidal preparation.

2. The imbalance of concentration of markers of connective tissue synthesis and resorption, 
basic microelements and their rations is a sign of high probability of the undifferentiated connec-
tive tissue dysplasia and premature cervical maturation in case of cervical insufficiency.
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3. It is recommended to include collagen and matrix protective treatments into the precon-
ception therapy program of patients with phenotypic symptoms of the undifferentiated connective 
tissue dysplasia.
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Abstract
Impaired cognitive function (CF) is common among patients with CHF and is an additional factor impairing the quality of 

life, adherence to treatment, and hence the clinical prognosis in this category of patients.
The aim of this work was to study the prognostic significance of individual cognitive tests, as well as their combination in 

patients with CHF with a reduced left ventricular ejection fraction (LV EF).
Materials and methods. The study was conducted in the Department of Heart Failure of National Scientific Center  

“M.D. Strazhesko Institute of Cardiology” National Academy of Medical Sciences of Ukraine, in the period from 01/01/2016 to 
04/27/2018. A total of 124 patients with CHF between the ages of 18 and 75 years, II-IV functional classes by NYHA were examined. 
The cognitive function was assessed using the Schulte test, Mini-Mental State Examination scale (MMSE); HADS scale. Cognitive 
dysfunction (CD) was considered as MMSE≤26 points. To construct the survival curves and the onset of the combined critical event 


