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Abstract: This paper covers the epidemiological aspects of the incidence of congenital anomalies of the
circulatory system (CACS) in the Republic of Kazakhstan and in the individual regions. A retrospective study
for the years 2003–2011 was carried out. The study was based on the summarized reports of the Ministry of
Healthcare of the Republic of Kazakhstan (Form 12) on patients with CACS (International Classification of
Diseases: Q20–Q28). The descriptive and analytical methods of modern epidemiology were employed. A total
of 71,102 CACS cases have been registered over the period under consideration. The average annual incidence
of CACS among the total population of Kazakhstan was 50.9±3.2 / . The trends of adjusted incidence rates0

0000

for Kazakhstan in general tended to increase (T=+6.3%). The trends of incidence in the regions under study
were different; the highest descending rates were detected in the city of Almaty (T=–2.1%) and the Kyzyl-Orda
region (T=–4.6%), while the rate of increase were best-pronounced in the South Kazakhstan (T=+16.8%),
Akmola (T=+16.9%) and Pavlodar (T=+21.9%) regions. The following incidence levels were determined: low –
up to 34.3 / , moderate – 34.3–61.6 /  and high – above 61.6 / ; these levels were used to provide the0 0 0

0000 0000 0000

space–time assessment and construct the cartograms depicting CACS incidence.
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INTRODUCTION country  in  general  is  of  certain  fundamental interest.

The urgency of the problems associated with the connected with the advancement of techniques for
congenital developmental malformations is high and is diagnosing and data collection, with the more advanced
determined by both the medical and social significance of diagnosis  tools,  such  as  echocardiography   and  MRT,
this pathology [1, 2]. The congenital anomalies of the as  well  as  with  better  qualification  of  the personnel.
circulatory system (CACS) are the repeatedly revealed The researchers have recently been focused mostly on
cases of developmental abnormalities of the congenital cardiovascular defects, which are the most
cardiovascular  system  in  various population groups frequent ones in a number of countries [7, 8, 9, 10]. In this
(both among children and adults) at different time. It is connection, the incidence of congenital anomalies of the
difficult to accurately determine the incidence of CACS, circulatory system in Kazakhstan is assessed in this
partly due to the complications associated with its paper.
determination.  Nevertheless,  not  all the cases of CACS
(in particular, congenital heart defects) can be diagnosed MATERIALS AND METHODS
in infants [3, 4, 5, 6]. The incidence rates based on the
diagnosis in pregnant women and during the first 12 The study was based on the summarized reports of
months of life of a child cannot represent and characterize the Ministry of Healthcare of the Republic of Kazakhstan
the  actual morbidity situation. Accurate assessment of (Form 12) on patients with CACS (Q20–Q28), which were
the CACS incidence rate plays a significant role in registered for the first time in patients’ lives. The data on
determining its etiology; moreover, studying the population size were provided by the Statistics Agency of
dynamics of morbidity with allowance for various the Republic of Kazakhstan [11]. The conventional
causative agents of the environment in the region or medicobiological statistics methods [12–15] were used to

The increase in the CACS incidence rate is undoubtedly
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calculate the intensity indices. The mean value (P), mean Scanning and processing of the resulting data were
error (m), 95% confidence interval (95% CI) and the mean carried out using a PC (Microsoft Office software
rates  of  increase/decrease   (T,  %)   were  determined. package: Excel, Word; BIOSTAT, EpiInfo 7).
The dynamics  of  the  morbidity  indices  of  CACS over
9 years was studied; the trends were determined using the RESULTS AND DISCUSSION
least square method. Geometric middling was used to
calculate the average annual rates of increase/decrease in A total of 71,102 first-recorded cases of CACS have
the dynamic series. The method for cartogram been documented in the Republic of Kazakhstan over the
construction, which was proposed by S.I. Igisinov in 1974 period under study. Low extensive indices have been
[16] and is based on determining the root-mean-square observed in the Atyrau (1.6%) and West Kazakhstan
deviation ( ) from the mean value (x), was employed. (2.1%) regions; while the highest specific weight of

The dynamics of CACS morbidity in Kazakhstan was patients was revealed in Almaty (20.0%) and in the South
studied via component analysis [17]. The method for Kazakhstan region (21.0%) (Table 1).
analyzing the morbidity dynamics allows one to The annual average index of CACS incidence among
decompose the increase in the number of individuals who the  total  population  of Kazakhstan was 50.9±3.2 /
got sick within the same population group but during (95% CI =44.6–57.2 / ). In the dynamics, this index
different  periods  into  components.  A  total  of 7 increased from 42.4±0.5 /  (95% CI =41.3–43.4 / ) in
components of the increase in the number of individuals 2003  to  57.8±0.6 /   (95%  CI  =56.7–59.0 / ) in  2011.
who had CACS are distinguished. The first three It should be mentioned that the 95% CI of the indices for
components are associated with the changes in the specified years did not overlap one another; i.e., the
population size, its age structure and the combined effect differences were statistically significant (p<0.05). In other
of these factors; the 4  component is associated with the words, there are objective factors affecting the increase inth

changes in the risk of getting sick only; and the remaining this index in dynamics. An analysis of the adjusted
three components are associated with the risk of getting indices has also exhibited a tendency to increase; the
sick, the increase in the population size, the changes in its average annual increase rate was T=+6.3% (Fig. 1).
age structure and the effect of all three factors. “Risk of The general CACS incidence among the total
getting sick” is understood as the entire combination of population had its own features for different regions of
reasons that may change the incidence. Hence, the latter Kazakhstan. Thus, the lowest rate of CACS incidence was
four components are associated with the increasing risk registered in the Karaganda region: 23.0±0.7 /  (95% CI
of getting sick. =21.7–24.4 / ).  Low   average   annual   rates  of   CACS
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Table 1: Congenital anomalies of the circulatory system in Kazakhstan for the years 2003-2011

CACS Incidence, /0
0000

-------------------------------------- ----------------------------------------------
Region / City Number % P±m 95% CI T, %

Akmola 6,210 8.7 92.8±12.1 69.2-116.4 +16.9
Aktobe 2,167 3.0 34.2±1.6 31.2-37.3 +5.4
Almaty 4,763 6.7 32.2±0.8 30.6-33.9 -0.4
Atyrau 1,119 1.6 25.5±1.6 22.4-28.6 +5.9
East Kazakhstan 4,104 5.8 31.9±1.3 29.3-34.5 +2.3
Zhambyl 4,077 5.7 44.7±2.5 39.9-49.5 +5.8
West Kazakhstan 1,953 2.7 35.5±2.3 31.1-39.9 +4.8
Karaganda 2,779 3.9 23.0±0.7 21.7-24.4 +0.9
Kostanai 2,983 4.2 36.9±3.2 30.6-43.3 +7.8
Kyzyl-Orda 2,303 3.2 40.5±1.7 37.1-43.9 -4.6
Mangystau 1,689 2.4 46.1±4.4 37.4-54.8 +5.9
Pavlodar 4,116 5.8 61.2±9.2 43.1-79.4 +21.9
North Kazakhstan 1,467 2.1 25.0±2.2 20.7-29.4 -1.6
South Kazakhstan 14,902 21.0 70.9±10.9 49.5-92.4 +16.8
Almaty city 14,250 20.0 123.8±4.8 114.4-133.2 -2.1
Astana city 2,220 3.1 42.4±2.4 37.7-47.2 -0.7

Total in the Republic 71,102 100.0 50.9±3.2 44.6-57.2 +6.3
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Fig. 1: Dynamics of the incidence rates of CACS in the Republic of Kazakhstan for the years 2003–2011.

Regions: 1. Akmola, 2. Aktobe, 3. Almaty, 4. Atyrau, 5. East Kazakhstan, 6. Zhambyl, 7. West Kazakhstan, 8. Karaganda,
9. Kostanai, 10. Kyzylorda, 11. Mangystau, 12. Pavlodar, 13. North Kazakhstan, 14. South Kazakhstan.

Fig. 2: Cartogram of the CACS incidence in the Republic of Kazakhstan in 2003-2011

incidence were registered in the North Kazakhstan In the dynamics, the CACS incidence had different
(25.0±2.2 / , 95% CI=20.7–29.4 / ) and Atyrau trends for different regions. Thus, the average annual0 0

0000 0000

(25.5±1.6 / ,   95%   CI    =22.4–28.6 / )    regions rates of the decrease in the adjusted indices were detected0 0
0000 0000

(Table  1).  An  analysis  of  the  95%  CI has in the Almaty (T=–0.4%), North-Kazakhstan (T=–1.6%)
demonstrated   that   they   overlapped   both   one and Kyzyl-Orda regions (T=–4.6%), as well as in the cities
another and the 95% CI in the Karaganda region; i.e., of Astana (T=–0.7%) and Almaty (T=–2.1%). The highest
there  was   no   statistically  significant  difference average annual rates of increase in the adjusted indices
between them (p>0.05). The  resulting  data  listed in were observed in the South-Kazakhstan (T=+16.8%),
tables should be interpreted as follows: if 95% CI did not Akmola (T=+16.9%) and Pavlodar regions (T=+21.9%)
overlap one another when being compared, it means that (Table 1).
there is the statistically significant difference in incidence Medico-geographic cartogram is one of the methods
rates. to perform a spatial assessment; it is a promising method

The  highest  rates  of  CACS  incidence were that allows the healthcare organizations to conduct
observed in the Akmola region: 92.8±12.1 /  (95% CI = targeted preventive and treatment measures. The levels0

0000

69.2–116.4 / ) and in Almaty: 123.8±4.8 /  (95% were determined in order to construct cartograms of0 0
0000 0000

CI=114.4–133.2 / ); 95% CI overlapped one another; i.e., CACS incidence. The following groups of regions were0
0000

there is no statistically significant difference between revealed by spatial assessment of CACS incidence among
these regions (p>0.05) (Table 1). the total population (Fig. 2).
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Table 2: Calculation and assessment of the “normalcy” of allocation of the CACS incidence, by Westergaard

Number of districts
--------------------------------------------

Interval Obtained data Abs. % % by Westergaard

x±0.3ó 39.7-56.1 4 25 25
x±0.7ó 28.8-67.0 10 63 50
x±1.1ó 17.9-78.0 14 88 75
x±3.0ó 0.0-129.9 16 100 99.8

Table 3: Calculation scheme for determining normal and theoretical distribution of the CACS incidence and Pearson criterion ( )2

NN GR*( =20.7) CM(V) NoD(p) V×p d=V-x d d ×p t==(V-x)/ F(t) TF(( × p)/ )××F(t) RTF, p’ p-p' (p-p') /p'2 2 2

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. 0.0-20.7 10.4 - - -37.6 1412.2 - +1.38 0.1539 1.863 2 -2 1.86
2. 20.7-41.4 31.1 9 279.5 -16.9 284.9 2564.2 +0.62 0.3292 3.986 4 +5 6.31
3. 41.4-62.1 51.8 4 207.0 +3.8 14.6 58.4 -0.14 0.3951 4.784 5 -1 0.13
4. 62.1-82.8 72.5 1 72.5 +24.5 601.3 601.3 -0.90 0.2661 3.222 3 -2 1.53
5. 82.8-103.5 93.2 1 93.2 +45.2 2044.9 2044.9 +1.66 0.1006 1.218 2 -1 0.50
6. 103.5-124.2 113.9 1 113.9 +65.9 4345.5 4345.5 +2.41 0.0219 0.265 0 +1 2.04

p=n=16 V×p=765.9 d ×p=9614.3 - - - 16 =12.42 2

*GR – grouping regions, CM – class mark, NoD – the number of districts, TF – theoretical frequency, RTF – refined theoretical frequency, 10th column is
determined in a special table [12, Annex 31, p. 410]

Regions with low incidence rates (up to 34.3 / ): (calculations are shown in Table 3), which is higher by the0
0000

Karaganda (23.0 / ), North-Kazakhstan (25.0 / ), value in Table by 0.4232 (at k = 6). Hence, the actual0 0
0000 0000

Atyrau (25.5 / ), East-Kazakhstan (31.9 / ), Almaty distribution of CACS incidence in the regions of the0 0
0000 0000

(32.2 / ) and Aktobe (34.2 / ) regions. Republic of Kazakhstan is close to the normal distribution.0 0
0000 0000

Regions with moderate incidence rates (from 34.3 to Next, let us examine the component method for the
61.6 / ): West-Kazakhstan (35.5 / ), Kostanai analysis of the dynamics of the number of individuals0 0

0000 0000

(36.9 / ), Kyzyl-Orda (40.5 / ), Zhambyl (44.7 / ), who got sick with CACS among population of Kazakhstan0 0 0
0000 0000 0000

Mangystau (46.1 / ) and Pavlodar (61.2 / ) regions, as over the period of 2003–2011. The mathematical0 0
0000 0000

well as the city of Astana (42.4 / ). calculations are presented in Tables 4 and 5.0
0000

Regions with high incidence rates (above 61.6 / ): An analysis of the dynamics of CACS incidence has0
0000

South-Kazakhstan (70.9 / ) and Akmola (92.8 / ) revealed a decrease in indicators; the total increase in0 0
0000 0000

regions, the city of Almaty (123.8 / ). 2011 as compared to 2003 was T=+14.6 / . As shown in0
0000

The Westergaard coefficient was determined in order Table 6, the increase in indicators was mostly associated
to assess the “normalcy” of distribution. The resulting with the changes in the risk of getting sick
data indicate that the actual CACS incidence among the ( = =+17.4 / ).
total population in the cities and the regions obeyed the As it was ascertained previously, the trends of CACS
normal distribution law. Thus, the number of regions with incidence rate among the total population over the period
the incidence rate higher than the arithmetical mean under study tended to increase (T=+6.3%). This aspect of
(x=47.9 / ) is 4 or 25% at 3ó. The asymmetricity of the the question should be suspicious, since the number of0

0000

normal distribution curves was Ac=p%-50%=25%-50%=- CACS patients registered in the country is expected to be
25%; i.e., a negative sinistral asymmetry was detected approximately 6,485 in 2011; however, 9,372 new cases of
(Table 2). CACS was actually registered. Thus, one can assume

The cartogram of general CACS incidence among based  on  the  dynamics of the absolute number of
adult population has the same regularities described in patients  with  CACS  in the republic of Kazakhstan over
this study and more accurately represents the spatial the past 9 years (2003–2011) that on average
distribution of CACS for individual regions. The approximately  384  cases  fail  to be registered annually
discrepancy between the theoretical and actual (see Table (354-562+197+671+1,831+2,448-1,810-54)
distribution of CACS incidence for individual regions and /8=384)). These figures would on average increase by
cities are small; the Pearson criterion ( ) is equal to 12.4 1804 ((354-208-11+660+2,491+4,939+3,129+3,075) /8=1,804)2

0
0000

0000
0
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Table 4: Component analysis of the increase in CACS incidence in Kazakhstan over the period of 2003-2011

Incidence Increase in incidence
-------------------------------------------------------------------------------------------------------------------------------

Age structure of Due to the changes in
the population ------------------------------------------------------------------------

An increase in Age structure of Age structure of

------------------------- structural indicators General(P -P ) the population A risk to get the population andi2 i1

Age (i) 2003(S ) 2011(S ) (S -S ) (3)-(2) 2003(P ) 2011(P ) (6)-(5) (4)×(5) sick (2)×(7) a risk to get sick (4)×(7)i1 i2 i2 i1 i1 i2

1 2 3 4 5 6 7 8 9 10

<15 0.2571 0.2452 -0.0119 92.3 188.5 +96.1 -1.1 +24.7 -1.1
15-17 0.0642 0.0495 -0.0146 151.5 56.4 -95.2 -2.2 -6.1 +1.4

18 0.6787 0.7053 +0.0266 13.1 11.3 -1.8 +0.3 -1.2 -0.05

Total S =1.0 S =1.0 P =42.4 P =57.0 +14.6 = =-2.9 = =17.4 = =+0.2i1 i2 1 2 B P BP

Table 5: Component analysis of the dynamics of CACS incidence in Kazakhstan in 2003-2011

Incidence indicators Number of patients % increase
Number of patients ------------------------------------------------- expected to --------------------
who got sick (nij) Population size (Nij) Rough (P ) Standardized (P ) get sick in 2011.  (n -n ) ni1 i2 2 1 1

------------------------- ----------------------------- ------------------------ ------------------------ (P N 10 ) -------- ------ij i2
5

Age (i) 2003(j=1) 2011(j=2) 2003(j=1) 2011(j=2) 2003(j=1) 2011(j=2) 2003(j=1) 2011(j=2) (6)×(5)×10 (4)÷(5)5

1 2 3 4 5 6 7 8 9 10 11 12 13
<15 3529 7598 3822238 4031337 92.3 188.5 48.5 3722.1
15-17 1446 463 954323 814619 151.5 56.4 3.6 1244.9

18 1322 1311 10090276 11596003 13.1 11.3 7.7 1518.4

Total n =6297 n =9372 N =14866837 N =16441959 P =42.4 P =57.0 P =42.4 P =59.8 E(n )=6485 0.9041 2 1 2 1 2 1 1 2
* *

Components of an increase in the number of patients who got sick due to:
1. Population growth

2. Changes in the age structure of the population

3. Combined effect of changes in population size and age structure

4. Changes in the risk to get sick

5. Combined effect of changes in the risk of getting sick and population size

6. Combined effect of changes in the risk of getting sick and age structures

7. Combined effect of the changes in the risk of getting sick,
the population size and its age structure

Total n  = n  = + 3075 100.0 +48.81 1
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Table 6: Absolute number of individuals with CACS in the Republic of Kazakhstan

CACS 2003 2004 2005 2006 2007 2008 2009 2010 2011

Number of registered patients (X ) 6297 6651 6089 6286 6957 8788 11236 9426 9372P

Increase/decrease in the total number as compared to the previous year - 354 -562 197 671 1831 2448 -1810 -54
Increase/decrease in the absolute number as compared to 2003 - 354 -208 -11 660 2491 4939 3129 3075
Increase/decrease rate as compared to the previous year (%) - 5.6 -8.4 3.2 10.7 26.3 27.9 -16.1 -0.6
Increase/decrease rate as compared to 2000 (%) - 5.6 -3.3 -0.2 10.5 39.6 78.4 49.7 48.8
Population size (thousand people) 14867 14951 15075 15219 15397 15572 15777 16205 16442
Expected number of patients (Xo ) as compared to 2003 6297 6333 6385 6446 6522 6595 6682 6864 6964î

Difference (X –X ) 318 -296 -160 435 2193 4554 2562 2408o P

Registered incidence rate 42.4 44.5 40.4 41.3 45.2 42.4 71.2 58.2 57.0

patients if calculated per the theoretical or expected indicators. There are the regions where the average
number  of  patients  with  CACS,  which  is  4.7-fold annual rates of increase/decrease are clearly pronounced.
higher than the estimated number of nonregistered The revealed features of CACS incidence in different
patients  (Table   6).   This   difference   in  the  total regions of the country demonstrate that this pathology
number  of  registered  patients  with CACS as compared becomes an epidemic, which makes it necessary to
to the expected number of patients can mostly be develop the targeted measures to fight against this group
attributed  to   such   criteria   of   the  services as of diseases. The incidence indices can be used to assess
operative underestimation of CACS in the Republic of the demand of population for medical care or to plan the
Kazakhstan. health services. Furthermore, it should be mentioned that

The analysis conducted allows one to state that the the radiological methods, which have made an
changes in the dynamics of the number of patients with evolutionary breakthrough with the technological
CACS in Kazakhstan can be mainly associated with the progress boost, play a significant role in diagnosing
following aspects (Table 5): CACS.
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