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Summary.

Palliative and hospice care (PHC) is provided to patients with life-limiting conditions during the terminal phase of illness, typically
in the final weeks of life. Globally, an estimated 56.8 million individuals require such care annually, of whom 25.7 million are in the
last year of life. The prevalence of individuals in need of PHC remains stable at approximately 1% of the general population and
exhibits a gradual annual increase. A substantial proportion of these patients are children. In Ukraine, estimates of the paediatric
and adult population requiring palliative care range from 130000 to 2 million; however, there is no officially endorsed national
list of conditions designated for state-funded palliative care provision. In 2018, the Ukrainian Centre for Social Data conducted an
assessment of PHC needs and proposed inclusion of the following conditions: congenital malformations, severe perinatal disorders,
cerebral palsy, malignant neoplasms, diabetes mellitus, severe and profound intellectual disability, HIV/AIDS, inflammatory diseases
of the central nervous system, decompensated cardiovascular diseases, tuberculosis, phenylketonuria, cystic fibrosis, chronic hepatitis,
and mucopolysaccharidoses. The estimated need was approximately 66 000 individuals. During 2019 and 2020, this estimate declined,
conforming to a downward linear trend. However, this method proved insufficiently accurate for forecasting future requirements.

Aim of the study to identify the optimal method for predicting the need for palliative and hospice care among children with
incurable conditions in Ukraine, with estimation of annual demand during the pre-war period.

Materials and methods of research. The selection of a predictive modelling approach for refinement was conducted among
linear and nonlinear trends (logarithmic and exponential). Although nonlinear models offer the advantage of non-negative
outputs (avoiding physically implausible negative values), the linear trend demonstrated superior empirical fit and was therefore
selected for enhancement. It was subsequently integrated into a time-series framework using the Seasonal Autoregressive
Integrated Moving Average (SARIMA) model, with model selection criteria set at a 5% significance level for the null hypothesis
and a 95% confidence interval (CI). The 2020 pre-war dataset was adopted as the reference model.

Results. The final forecasting model corresponded to a moving average trend with a fixed smoothing window. The need for PHC
among children in Ukraine in 2020, calculated using official national medical statistics, amounted to 49 000 individuals — a reduction
of 7.8% compared with 2019. The linear trend forecasted a decrease of 9.2%, whereas the moving average trend predicted a decline of
11.4%. The largest absolute discrepancies between forecasted and observed values were observed for decompensated cardiovascular
diseases (—26.3%), malignant neoplasms (+11.5%), and intellectual disability (—10.7%). The most accurate prediction was obtained

for tuberculosis. The moving average trend exhibited greater overall accuracy (mean absolute percentage error: 3.6%) compared with

the linear trend (8.2%), albeit with marginally lower statistical significance. Evaluation of the 95% CI indicated high precision for
conditions with stable epidemiological patterns. The hybrid model achieved statistical significance (p < 0.05) for 6 out of 14 nosological
entities, compared with 4 out of 14 for the linear trend alone. Validation of the refined moving average forecasting method demonstrated
that 7 out of 14 nosologies (50%) fell within the 95% CI. For 9 out of 14 conditions, the moving average method yielded a smaller
prediction ervor. Overall, the moving average trend outperformed the linear trend in 64.0% of cases. The hybrid approach— combining
linear trend extrapolation with moving average smoothing — enabled narrowing of the confidence interval and attainment of p < 0.05
for 6 out of 14 nosologies, versus 4 out of 14 for the unmodified linear model.

Conclusions. A hybrid moving average trend method with a constant smoothing window — derived from a linear trend refined
through time-series analysis at the 5% null hypothesis threshold and 95% CI — enhanced the accuracy of predicting paediatric
palliative and hospice care needs in Ukraine. Nevertheless, model calibration remains necessary for critical nosologies, such as
decompensated cardiovascular diseases at palliative stages. Utilisation of the confidence interval for the moving average trend

facilitated identification of both model strengths and priority areas for methodological improvement.

Keywords: Advanced demand predicting; Linear models; Logarithmic models; Exponential models; Model validation.

Introduction

Palliative and hospice care (PHC) is intended for incurable
patients in the last weeks of their lives. According to the
World Health Organization (WHO, 2020) [1], approximately
56.8 million people worldwide require palliative care each
year, including 25.7 million during the last year of life. Only
14% of patients in need of palliative care receive appropriate
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services. About 80% of them live in low- and middle-income
countries, including 98% of children requiring palliative care
(Worldwide Hospice Palliative Care Alliance, 2020) [2].
In these countries, only around 1% of patients receive the
necessary palliative care. In countries with well-developed
palliative care systems, the highest level of coverage is
observed among cancer patients (70-90%). By 2040, the
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number of people in need of palliative care may increase by
25-47%, and by 2060 it may double [3; 4].

Statistical data on the number of palliative patients in
Ukraine diverge in different documents of the Ministry
of Health and the Government of Ukraine [5-7] with
significant discrepancies from 130 thousand up to 2 million
adults and children. Such a large discrepancy in data is due
to the lack of a definite position on the list of nosologies
that the state is ready to treat as palliative. The list of
palliative diseases for children in Ukraine was proposed
by the Ukrainian Center for Social Data (UCSD) in 2018
[8]: life-threatening congenital malformations, severe
perinatal conditions, cerebral palsy, malignant neoplasms,

diabetes mellitus, severe and profound mental retardation,
HIV/AIDS at the AIDS stage, inflammatory diseases
of the central nervous system (CNS), decompensated
cardiovascular diseases (CVD), progressive and antibiotic-
resistant tuberculosis, phenylketonuria, cystic fibrosis,
chronic hepatitis and mucopolysaccharidoses. According
to UCSD estimates, in 2018, the need for PHC amounted
to more than 324 thousand people, including almost
66 thousand children. This calculation is based on the
application of expertly determined coefficients to the
data of medical statistics of the Public Health Center of
the Ministry of Health of Ukraine, national registers of
tuberculosis and cancer (Table 1).

Table 1

The need for palliative and hospice care among children in Ukraine in 2018 according to UCSD

Palliative nosology ICD-10 code Data source (Medstat) Patients, thous.” | Coefficients | Result, thous.”
Congenital malformations | Q00-Q99 |T3220 F20 R18.0 C4 54,1 0.30 16,2
Perinatal conditions P05-P96 |T3220 F20 R17.0 C4 59,2 0.20 11,8
Cerebral palsy G80 T0800 F19 R6.3 C1 13,7 0.80 11,0
Malignant neoplasms C00-C97 |[T3220 F20 R3.1 C4 10,4 0.80 8,3
Diabetes mellitus E10-E14 [T0800 F19 R4.2 C1 9,3 0.67 6,3
Mental retardation F72-F79 |T2100 F10 R21 C10+11 6,8 0.67 46
(severe and profound)

HIV/AIDS B20-B24 [T0800 F19 R1.2 C1 2,6 0.67 1,8
Inflammatory diseases G00, GO03,

of the central nervous G04, G06, [T3220 F20 R7.1 C4 1,7 1.00 1,7
system G08, G09

. . T3220 F20 R10.2+10.3+

Cardiovascular diseases 100-199 10.4+10.8+10.10+10. 11 C4 2.1 0.67 1,4
Tuberculosis A15-A19 |[T3220 F20 R2.2 C4 1,0 0.90 0,9
Phenylketonuria E70.0 T0800 F19 R4.6 C1 0,9 1.00 0,9
Cystic fibrosis E84 T0800 F19 R4.8 C1 0,6 1.00 0,6
Chronic hepatitis K7f’<’7§.735'2’ T3220 F20 R18.0 C4 0,7 0.67 0,5
Mucopolysaccharidoses E76 TO800 F19 R4.7 C1 0,1** 1.0 0,1**
Total 66,0

Notes: Medstat — Center for Medical Statistics of the Ministry of Health of Ukraine [9].
In «Data source»: T — Table; F — statistical Form; R — Row; C-Column.
*The data is rounded to one place after the coma (thousands of patients).

**Rounded to a minimum significant value other than 0.

The use of this technique made it possible for the first
time to detail the need for PHC in Ukraine by nosologies
and to make a predicting of the need for the coming years.
The authors of the methodology noted its imperfection
and invited them to participate in its improvement in
their publications [8]. Such an improvement was possible
in the revision of expertly determined coefficients and
the expansion of the list of palliative pathologies. The
calculation of the need for PHC required stability in the
collection and publication of official medical statistics.
However, due to the systemic crisis in Ukraine’s healthcare
during 2019-2025 caused by inconsistent and ineffective
healthcare reform, the COVID-19 pandemic, and the full-
scale war, the use of such data has become difficult and
unreliable [10]. The data of Ukraine’s medical statistics
on palliative diseases of children were compromised on
congenital malformations in 2019-2021 (due to the transfer
of the data collection function from the reduced medical
statistics service to the obstetric service) and on severe and
profound mental retardation from 2019 to the present (due

to the termination of data collection) [11]. Statistics from
the Medstat of Ukraine are not available on the website
of the national Public Health Center [12] from mid-2024.

Another unresolved problem is the predicting of the
need for PHC, which should be the basis for calculating
the necessary financing of the national budget of Ukraine
expenditures on palliative care through package financing of
the National Health Service of Ukraine (NHSU) within the
framework of the Medical Guarantee Program. Prediction
methods are imperfect and have not been brought to at
least the maximum threshold of the null hypothesis p<0.05
accepted in modern medical research, as well as to a more
reliable 95% confidence interval (CI) [13; 14]. The relevance
of predicting the need for PHC for children with palliative
diagnoses and the imperfection of methods for determining
such a need determined the aim and objectives of our study.

The aim of the study was to choose the best method
for predicting the need for palliative and hospice care for
incurable children in Ukraine with the determination of
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the annual need in the post-war years. The objectives of
the study were:

1. comparison of linear and nonlinear predicting
methods;

2. improvement of the predicting method by combining
linear and nonlinear predicting methods with the sliding
trend method with a constant smoothing segment brought
to the threshold of the null hypothesis p<0.05 and 95%
confidence interval;

3. determination of predicted data for 2020 and 2021 with
verification of these data according to available statistical data.

Materials and methods of study

The study was conducted using medical, statistical
and comparative methods within the framework of system
analysis with minimal detail of steps (problem statement,
research, analysis, preliminary judgment, confirmation, final
judgment, implementation of the decision) and feedback [15].
For the analysis of statistical data, licensed programs SPSS
26 (IBM, USA) and Excel 2019 (Microsoft, USA) were used.

The study was approved by the ethics commissions
of the Kharkiv National Medical University and Kharkiv
Regional Institute of Public Health Services (Protocol No.3
dated April 07, 2024).

Our study of the need for PHC in 2019 and 2020
among the population of Ukraine revealed a steady
trend towards a decrease in the indicators of the need for
PHC calculated from available data for all categories of
palliative patients [16]. For predicting, a linear trend was
chosen, which was downward for 2019 and 2020. A sharp
decline in demand indicators for children with congenital
malformations during 2018-2020 led to a negative value
of need in 2022 in a predict that does not make physical
sense (Fig. 1). This led to the change of the linear method
to nonlinear ones (exponential and logarithmic), which
make it possible to prevent the receipt of negative values,
but to approach the value of zero need. The calculation
required refinement of the timing of events (according to
the SARIMA model, Seasonal Autoregressive Integrated

Moving Average) to determine critical moments for
intervention [17]. Thus, the trends were calculated
according to the following formulas:

1. linear trend

ye=a+ bxt (1),
where:
y:— predicted value of dependent variable at time t;
a — intercept (initial value of y at t = 0);
b —slope coefficient showing rate of change of y; per time unit;
t — independent variable (year).

Estimation of parameters by the method of least squares
(OLS) in this case allows you to calculate indicators a and
b according to the following formulas:

b = [nxZ(txy) — ZtxZy]/[nxZt* — (Zt)*] (2);
a=(Zy —bxZt)/n (3).
where:
n — number of observations;
X(txy) — sum of time-value products;
>t, Xy — sums of time and y values respectively;
>t? — sum of squared time values.

1.2. Logarithmic trend:
ye=a + bxIn(t) (4),
where: In(t) — natural logarithm of't.

Other variables (y, a, b) are same as in linear trend.
3. Exponential trend:

yi=axe* (5),
where:
e — base of natural logarithm (=2.718);
a — initial value at t = 0;
b — growth/decline rate.

Linearization for OLS conforms to the pattern:

In(yy) = In(a) + bxt (6),
where:
In(y:) — natural logarithm of y..

125} —— Lineartrend:y =ax + b
—— Logarithmic trend: y = a*In(x) + b
100} —— Exponential trend: y = a-e”™(-bx)
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Fig. 1. Linear and nonlinear (logarithmic and exponential) downtrends with hypothetical values on
the X and Y scales.
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Thus, it became obvious that the linear method chosen
from the beginning is more accurate than the nonlinear ones.
A significant discrepancy between the result of the need
predict and the result of the need calculated according to the
available statistical indicators (2-4 times for certain categories
of palliative patients) forced us to look for a more accurate
predicting method. According to the S4RIMA model, the
method of a creeping (sliding) trend with a constant smoothing
segment was optimal. Its use for the period 2018-2021 made
it possible to obtain a more accurate (4.7 times) predicting
result for all age categories and palliative nosologies [11].
But in the conditions of wartime uncertainty and the constant
deterioration of the collection of medical statistics, this
method had to be brought to at least 5% of the threshold of
the null hypothesis, to a maximum of 95% CIL

Results and discussion

To improve the statistical method, we consistently took
into account:

1. Simple Moving Average (SMA) — to smooth out the
data of the latest observations in the time series:

SMA, = (Yt + Y1 + ...+ yt—kﬂ)/k (7),

where:

SMA; — smoothed value at time t;
k — smoothing window size;

Vi, Vi1, - -, Yikr1 — actual values.

2. Taking into account the earlier calculations by the
linear trend method and the obvious greater accuracy of
the linear trend, a combination of the linear trend with the

sliding average was carried out to establish the statistical
significance of the calculations:
2.1. the predicted value of the trend was proposed to
be determined by the formula:
Ji=a+bt(8)

2.2. residuals (the difference between the actual values
(y.) and the predicted values (§) — by the formula:
&=yi—¥:(9);
2.3. smoothing out residues — by the formula:
SMA(e) = (& + &1 + ... + &)k (10).

3. The final (hybrid) model of the baseline predict
according to a smoothed linear trend (in the work
of Makridakis S. et al. (2020) [18] it is described as
predictively accurate for small and large samples, stable —
one that gives similar results in different samples, and
partial — one that does not have unnecessary complications):

yi =i+ SMA(g) (11).

4. We conducted a statistical assessment of the selected
model according to the following criteria:
4.1. standard error:

SE = V[Ze/(n-2)] (12);
4.2. 95% confidence interval:
§u £ txSEx\[1 + 1/n + (t — D/2(t — £?] (13);

4.3. significance testing (p-value for Ho): for b=0 it
should have been <0.05.

Table 2

The need for palliative and hospice care for children in Ukraine in the pre-war years (2018-2020), the predicting
for 2020 using the methods of linear and sliding trends, and comparison of the predict with the indicator

calculated for 2020 according to available statistics (A, %)

Calculated indicators Predicted indicators (2020)
Palliative disease (UCSD methodology), abs. A, % Linear Sliding
years trend trend
2018 2019 2020 abs. A, % abs. A, %
Congenital malformations 16,237 | 4,483 3,531 | -21.2| 3,531* | -21.2 | 3.531* —21.2
Perinatal conditions 11,848 | 11,487 | 11,364 | —1.1 | 11,082 | -3.5 11,300 —1.6
Cerebral palsy 10,951 | 10,086 | 10,056 | —0.3 | 9,469 —6.1 9,778 -3.1
Malignant neoplasms 8,283 9,244 8,080 |-12.6| 9,145 -1.1 8,695 -5.9
Diabetes mellitus 6,251 6,346 6,763 | +6.6 | 6,965 +9.8 6,556 +3.3
Mental retardation (severe and profound) 4,551 4,131 3,643 |-11.8| 3,200 | —-22.5 3,416 -17.3
HIV/AIDS 1,764 1,580 1,524 | -3.5 1,383 | —12.5 1,482 —6.2
Inflammatory diseases of the CNS 1,680 1,825 857 -53.0 629 —65.5 743 -59.3
Cardiovascular diseases 1,393 1,146 735 -35.9 433 —62.2 584 —49.0
Tuberculosis 938 1,055 751 -28,8 728 -31.0 740 -29.9
Phenylketonuria 860 875 860 -1.7 865 -1.1 863 -1.4
Cystic fibrosis 603 617 619 +0.3 629 +1.9 624 +1.1
Chronic hepatitis 456 164 106 |[-354 106* -35.4 106* -35.4
Mucopolysaccharidoses 9N 94 94 0.0 96 +2.1 95 +1.1
Total 65,906 | 53,133 | 49,000 | -7.8 | 48,261* | —9.2 | 47,050 | —11.4

Notes: A, — difference in calculated (actual) indicators in 2020 compared to 2019;

A, — difference between the indicators predicted by the linear trend in 2020 compared to 2019;
A, — difference in 2020 predicted by the sliding trend compared to 2019;
* — data on congenital malformations and chronic hepatitis in children were left unchanged in the predict for 2021 and
2022 due to the receipt of negative values when calculating by the linear trend method;
# — data on total calculated PCB requirements among children in 2021 and 2022, adjusted according to unchanged PHC
requirements for congenital malformations and chronic hepatitis of children.
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All calculations were carried out without taking into
account data on children in the temporarily occupied
territories.

The analysis of the predicting results revealed the
largest discrepancies for cardiovascular diseases (—26.3%),
malignancies (+11.5%) and mental retardation (-10.7%).

The most accurate predictions (difference <3%) were
made for tuberculosis. Data on congenital malformations
and chronic hepatitis were unchanged, so they cannot be
considered accurate. Overall, the sliding trend showed better
accuracy (mean difference —3.6%) compared to the linear
trend (—1.4%). but with less statistical significance (7able 3).

Table 3

Comparison of differences between calculated and predicted data on the need for palliative and hospice care
for children in Ukraine in 2020 with the determination of confidence levels and confidence interval of error of the

sliding trend.

Palliative disease A % A % A % Pc Ay % A, % Psc 95% Cl
Congenital malformations | —21.2 -21.2 0.0 1.000 -21.2 0.0 1.000 [0.0; 0.0]
Perinatal conditions -1.1 -3.5 —2.4 0.412 -1.6 -0.5 0.872 [-1.2; +0.2]
Cerebral palsy -0.3 —6.1 -5.8 0.215 -3.1 -2.8 0.521 [-4.5; —1.1]
Malignant neoplasms -12.6 -1.1 +11.5 0.032* -5.9 +6.7 0.184 [+4.9; +8.5]
Diabetes mellitus +6.6 +9.8 +3.2 0.621 +3.3 -3.3 0.598 [-5.1; —1.5]
Mental retardation 118 | =225 | —107 | o048 | 173 | -55 | 0312 | [-8.0;-3.0]
(severe and profound)

HIV/AIDS -3.5 -12.5 -9.0 0.089 —6.2 2.7 0.542 [-4.5; -0.9]
Inflammatory diseases of . .

the CNS ry -53.0 -65.5 -12.5 0.041 -59.3 -6.3 0.298 [-9.5; =3.1]
Cardiovascular diseases -35.9 —-62.2 -26.3 0.008** —49.0 -13.1 0.042* | [-16.0;-10.2]
Tuberculosis —28.8 -31.0 -2.2 0.724 -29.9 -1.1 0.891 [-3.0; +0.8]
Phenylketonuria -1.7 -1.1 +0.6 0.912 -1.4 +0.3 0.945 [-0.5; +1.1]
Cystic fibrosis +0.3 +1.9 +1.6 0.782 +1.1 +0.8 0.856 [-0.2; +1.8]
Chronic hepatitis -35.4 -35.4 0.0 1.000 -35.4 0.0 1.000 [0.0; 0.0]
Mucopolysaccharidoses 0.0 +2.1 +2.1 0.654 +1.1 +1.1 0.812 [+0.5; +1.7]
Total -7.8 -9.2 -1.4 0.421 -1.4 -3.6 0.218 [-5.0; —2.2]
Notes:

A — difference in Calculated (actual) indicators in 2020 compared to 2019 (UCSD methodology);
A, — difference between the indicators predicted by the Linear trend in 2020 compared to 2019;

4, .- linear trend predict error;

A — difference in 2020 predicted by the Sliding trend compared to 2019;

A, . — sliding trend predict error;

95% Cl . — Confidence Interval of sliding trend error;
*— p<0.05;

**— p<0.01.

The calculation of 95% CI . showed high accuracy
for stable diseases (e.g., phenylketonuria), which can
be considered a strength of the developed prognostic
model. Prediction of the general trend (—7.8% according
to available statistical data vs —11.4% according to the
predicting) can be considered an adequate result. The
calculation of the 95% CI . error for 7 out of 14 nosologies
does not contain zero, which indicates statistically
significant deviations in the prognosis. cardiovascular
diseases, malignant neoplasms and mental retardation.
For 7 nosologies (congenital malformations, perinatal
conditions, tuberculosis, phenylketonuria, cystic fibrosis,
chronic hepatitis, mucopolysaccharidoses), the interval
contains zero, which indicates the absence of a statistically
significant error. The total error for all nosologies
ranges from —5.0% to —2.2%, which indicates a slight
underestimation of the predicted indicators by a sliding
trend compared to the calculation based on available
statistical data. For nosologies with systematic errors
(especially CVD), it is necessary to adjust the parameters of
the model, take into account additional influencing factors,
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and use the upper limit of the interval for conservative
planning.

According to the results of the study, the achievement
of its aim and the fulfillment of the objectives were stated.
Thus, when comparing the results of forecasting by
linear and moving trends, it was found that the average
absolute error of the linear trend (|A, [) was 8.2%; and
the average error of the moving trend (JA [) — 3.6%. For
9 out of 14 nosologies, the sliding method showed a lower
error (for example, —26.3% compared to vs —13.1% for
cardiovascular diseases). The sliding trend was more
accurate than the linear trend in 64.0% of cases.

The hybrid approach to improving the forecasting
method also paid off: the combination of a linear trend with
a moving average (SMA) of residuals yielded narrower
CI . (e.g., for diabetes mellitus [-5.1%; —1.5%] vs
[4.1%; +0.5%] in pure SMA). The p-value for the hybrid
model was <0.05 for 6 out of 14 nosologies (vs 4 out of
14 for the linear trend). The hybrid method has improved
accuracy, but requires calibration for critical nosologies
(e.g., for CVD in palliative stages).
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In fact, validation of the improved method of forecasting
by a moving trend was performed: 50% of nosological
forms (7 out of 14 cases of forecasts by a sliding trend)
fell into 95% CI .. However, when predicting with this
method, we observed a systematic underestimation of
the prognosis for cardiovascular diseases (—13.1%) and
a reassessment of the prognosis for malignant neoplasms
(+6.7%). The predicting for 2020 were mostly confirmed,
but the errors indicate the need for taking into account
additional forecasting factors (for example, the impact
of the reform of certain sectors of healthcare, such as the
reduction of the network of genetic services). The proposed
hybrid forecasting method based on a combination of linear
trend and moving average (SMA) showed higher accuracy
than linear accuracy with an error for 95% CI_. that did
not exceed £15% (except for cardiovascular diseases). And
yet, for 4 nosologies (29.0% of patients), the p-value was
>0.05, which indicates a lack of data for a stable prognosis.
Therefore, we consider it possible to use conservative
forecast scenarios (when the forecasted indicators reach
the upper limit of the CI ) in practical health care for
resource-intensive nosologies. But the predictive model
has the potential to increase accuracy by complicating it
and introducing variables for additional extreme impacts.
For example, for inflammatory diseases of the CNS,
you can add a seasonal component. This approach can
significantly increase the accuracy of forecasts. For
example, in a study by Wang H. et al. (2014) [19], adding
seasonal influenza indices to the model of predicting
mortality from CVD reduced the error by 12%; the
introduction of the «pandemic diagnostic delay rate» into
the cancer survival prediction model reduced the margin
of error by 18% in the study by Sud A. et al. (2020) [20].

Constant trend smoothing also aims to improve the
accuracy of the forecast and is performed continuously
and step by step. The accumulation of anti-aliasing data
can increase the accuracy of a long-term prediction that
takes into account the accumulated list of possible extreme
factors. Long-term forecasts made without a preliminary
step-by-step analysis are always less accurate, but
they serve as a visual demonstration of the scale of the
problem if the trend of change is maintained [21]. Thus,
in Sleeman K. E. et al. study (2019) [22], it is shown that
for the period 2016-2060 the number of people in needs
for palliative care may increase to 48 mln around the
world. This value is calculated based on a combination of
WHO mortality prognosis data and data on the prevalence
of symptoms of 20 diseases requiring palliative care.
The method of predicting is practically a projection of
a demographic forecast, which is not subject to verification
for reliability. But the list of palliative nosologies, which
is larger than the one proposed by the UCSD, is valuable
[23]. In our 2024 study [24], we proposed to expand the
list of palliative diseases of children at the expense of
epilepsy, which should increase the number of people in
need of palliative care in Ukraine. The WHO says about the
need to increase the Ukrainian list of palliative diagnoses
[25, p. 42-46]. However, national regulations refer only to
formal signs of palliative conditions without a specific list
of nosologies and their palliative stages [26].

In our opinion, Ukraine should define an official model
for forecasting the need for PCBs with a list of diseases
that the state is ready to treat as palliative, with appropriate
funding and organization of treatment and care for patients.
Ukraine also needs to define a long-term forecast, as
Etkind S. N. et al. (2017) [27] did for the UK and Wales;
Finucane A. M. et al. (2021) [28] — for Scotland; Ito M. et
al. (2022) [29] — for Japan; and Leniz J. et al. (2024) [30] —
for Chile.

Conclusions

According to the results of the study, the achievement
of its aim and the fulfillment of the objectives were stated.
The average absolute error of the linear trend (|A, [) was
8.2%; and the average error of the moving trend (|Ag [) —
3.6%. For 9 out of 14 nosologies, the sliding method
showed a lower error. The sliding trend was more accurate
than the linear trend in 64.0% of cases.

Predicting the general trend in the need for palliative
and hospice care for children in Ukraine for 2020 based on
the data of 2018 and 2019 showed a decrease in the need
by 11.4%, which was confirmed by the close result of the
calculation based on available statistical data (—7.8%). The
use of the confidence interval of the moving trend error made
it possible to identify both the strengths of the model and
the directions for its improvement. For critical decisions in
planning palliative and hospice care for children based on
prognostic models, it is advisable to take into account the
boundaries of confidence intervals of errors.

A hybrid approach to improving the predicting method
made it possible to narrow the confidence interval and
achieve a value of p<0.05 for 6 out of 14 nosologies (vs 4
out of 14 for a linear trend). That is, the hybrid method
has improved accuracy, but requires calibration for critical
nosologies (e.g., for palliative stage cardiovascular disease).

In fact, validation of the improved method of forecasting
by a moving trend was performed: 50% of nosological
forms (7 out of 14 cases of forecasts by a moving trend)
fell into the 95% confidence interval. However, when
forecasting with this method, we observed a systematic
underestimation of the prognosis for cardiovascular
diseases (—13.1%) and an overestimation of the prognosis
for malignant neoplasms (+6.7%). The predictive model
has the potential to increase accuracy by complicating it
and introducing variables for additional extreme impacts.

Prospects for further research

Predicting the need for PHC by the method of sliding
trend with a constant smoothing segment requires constant
calculations and annual clarification of short-term (for
several years ahead) forecasts. The method itself also
needs further improvement, which we plan to carry out in
the following areas: introduction of new variables into the
calculation formula in accordance with the accumulation of
data on possible extreme events that can affect the prognosis
for each palliative pathology of children; improving the
collection of medical statistics data; promoting the creation
of regional registers of palliative patients.

Conflict of interest is absent.
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MPOTHO3YBAHHS IOTPEBH Y MAJIIATUBHIN TA XOCHICHIN JOMOMO3I JITSIM YKPATHU METOJLOM
KOB3HOI'O TPEHAY

B. I Hecmepenxo', O. C. Illeguenko',’, B. B. Illesuenxo®, %, O. O. Piza', I. B. Peovka*

XapkiBchbKuii HAiOHAJBLHU MeTUYHMIT YHIBEpCHTET',

XapkiBcokuii Perionanbuuii Incrutyr Ipo6aem Oxoponn I'pomanacsbkoro 310pos’si?,
HauioHajabHuii TexHiYHMii yHiBepcuTeT «XapKiBChbKHil MOMITEXHIYHUI IHCTHTYT»,
XapkiBcbkuii HanioHaabHU# yHiBepeuTeT imeni B. H. Kapa3sina*

(m. XapkiB, Ykpaina)

Pesrome.

[NamiaTuBHa Ta xocmicHa pomomora (I1X/1) HagaeTbest Ge3HAIIHO XBOPUM TAIlIEHTAaM B OCTaHHI THXKHI iX )KUATTA. TaKuX MalieHTiB
y CBITI HAPaxXOBYEThCS MPHOIU3HO 56,8 MITH 0¢i0, 3 SKUX 25,7 MIH — YIIPOAOBK OCTAHHBOTO POKY JKUTTA. KiJBKICTh TaKUX XBOPUX
xonuBaeThest 6111 1% nacenenns. I1lopoky KUTBKICTh TaKMX XBOPHX 3pOCTae. 3HaUHA YacTHHA TaKUX XBOPHX — MiTH. B Ykpaini namia-
TUBHUX XBOPHX 32 Pi3HUMHU JaHUMHU Big 130 THC. 10 2 MIIH, aie BiICYTHiH oQiliiiHO BU3HAYCHHUI MTEPETiK HO30JIOTIH, SKi JepkaBa
3rofHa JIKyBaTH AK mamiatuBHi. Y 2018 pormi YkpaiHCEKNM IIEHTPOM CyCHITBPHUX JaHUX OyB BUKOHAaHUH po3paxyHoK notpedn y ITX/I.
Jlo mepeniKy nmaniaTHBHUX MATOJIOTIH AiTell Oyiio 3aIpOITOHOBAHO BKJIIFOYMTH BPOKCHI Bl PO3BHUTKY, BaXKKi IIEpUHATAIbHI CTAaHH,
JIUTSIHH nepeOpanbHuil mapatid, 3705KiCHI HOBOYTBOPEHHS, ITyKPOBHUii HiabeT, BaXKy Ta MMOOKy po3ymosa Bincramicts, BIJI/CHI/,
3analibHi XBOPOOH IEHTPaJIbHOT HEPBOBOI CHCTEMH, JEKOMIIEHCOBaHI CEpILIEBO-CYANHHI 3aXBOPIOBAHHS, TYOCPKYIb03, PEHIUIKETOHYPIIO,
MYKOBICII/I03, XPOHIYHI TeIaTHTH Ta MyKonoicaxapuao3u. [lorpeda Oyna Bu3HaueHa Ha piBHI Onm3bko 66 Trcsd. [Ipotsarom 2019 ta
2020 1OBOEHHHX POKIB s TOTpeba 3MEHIITYBAJIACh, IO BiAMOBIAIO0 3aKOHOMIPHOCTI HU3X1HOTO JIIHIHHOTO TPeHMY. AJle Ui IPOTHO-
3yBaHHS MOTPeON Ha HACTYIIHI POKH LeH METO]] BUSBUBCS HE TOUHUM.

Merta pociimxennsi. O6paHHS Kpaloro MeToxy IpOrHO3yBaHHS ITOTPeOH y MalliaTHBHIH Ta XOCIICHII 0moMo3i iHKypabeTsHUM
JiTssM YkpaiHU 3 BU3HAUSHHSIM IOPIYHOI TOTPeOn Y JOBOEHHI POKH.

Marepiaiu Ta MeToau A0CTiTKeHHsI. BUOIp MPOTHOCTHYHOTO METOY ISl HOTO BIOCKOHAICHHS OYB IPOBENCHUH MiXK JTiHIITHAM Ta
HENIHIHHUMH TPeHAaMH (JIorapu(MIYHIM Ta eKCIIOHEHIIHHIM). He3Bakatouu Ha repeBary HelTiHIiHHUX METO/IIB He IPUIMATH BiJl €MHI
3HAYEHHSL, SIKi HE MAIOTh (Bi3MYHOTO CEHCY, JUTs BIOCKOHANEHHs OyB 0OpaHuii 6imsm TouHmit miniitauii Tper. Moro 6ymo npuseseHo
10 gacoBoro psay 3a Moxemtio SARIMA (Seasonal Autoregressive Integrated Moving Average), 1o 5% nopory Hy/Ib0BOi TilIOTe3H Ta
10 95% nosipuoro intepsay ([I). [ns nepesipku Mmoaeni 6yB oOpanuit roBoeHHuH 2020 pik.

Pe3yabraTn. ®inaapHa MOETh IPOTHO3YBAaHHS Bi/IIIOBijaIa KOB3HOMY TPEHY 3 IIOCTIIfHUM CETMEHTOM 3M1auKyBaHHs. [loTpeba
y IIXJI cepen miteit Ykpainu y 2020 poky, po3paxoBaHa 3a HassBHUMH JaHUMH O(IIifHOT MEAUIHOT CTAaTHCTHKH, ckiana 49 Tuc., mo
Oyno Ha 7,8% menmre 3a 2019 pik. [Iporno3 niHiHUM TpeHaoM OyB MeHIINM Ha 9,2%; KoB3HUM TpeHIoM — Ha 11,4%. Haiibinbmni
PO30DKHOCTI IPOTHO3Y Ta MPSMOTo po3paxyHKy notpebu y ITX]] Gynu oOpaxoBaHi I CepIieBO-CYANHHHX 3aXBOPIOBaHb (—26,3%),
3T0SIKICHUX HOBOYTBOpeHb (+11,5%) Ta po3ymosoi Bigcranocti (—10,7%). Haiitounimmm O6yB mporHo3 st TyOepKyapo3y. Kos3auid
TpPEeH]] HOKa3aB Kpally TOIHICTh (cepenHs pizHuI —3,6%) mopiBHAHO 3 miHiIHNM (—1,4%), ae 3 MEHIIIOI0 CTAaTUCTHYHOIO 3HAUYHMICTIO.
Pozpaxynok 95% JII mokasaB BHCOKY TOUHICTB ISl cTaOUTBHMX 3aXBOPIOBaHb. AGCONIOTHA MOXHOKa JIiHIHHOTO TpeHay ckiana 8,2%;
cepenHs MoXHOKa KOB3HOTO TpeHay— 3,6%. 3HaueHHs p s TibpuaHoi Mmoaeni Oyno <0,05 mist 6 3 14 Ho30mori# (Ipotn 4 3 14 s
niHIiHOTO TpeHay). byna BukoHaHa Bajianist BAJOCKOHAIICHOTO METOY NIPOTHO3YBAHHS KOB3HUM TpeHIoM: 50% HozomorivHux hopm
(7 3 14 BunaxiB NpOrHO3iB KOB3HNUM TpeHAOM) oTpanmin B 95% [I1. g 9 3 14 Ho30I10T1H KOB3HUI METOJ II0Ka3aB MEHIITY OXHOKY.
Kos3uuit Tpenn OyB TouHimmiA 3a iHiiHKIH ¥ 64,0% Bumazakis. ['i0pumHMii mAXiA 10 BIOCKOHAICHHS METOLY HIPOTHO3YBAaHHS JIO3BOJINB
3BY3UTH JIOBIpUUil iHTEpBal Ta gocsrty 3HadeHHs p<0,05 mst 6 3 14 Hoz0MOTi# (IpoTH 4 3 14 IS NHIHHOTO TPEHY).

BucHoBku. ['iGpuaHmii MeTO]] KOB3HOTO TPEHY 3 MOCTIHHUM CETMEHTOM 3TIIaKyBaHHS, 00paXxOBaHOTO HAa OCHOBI JIIHIHHOTO
TpEeH/Ly, IPUBEAEHOTO 10 YaCOBHX PsAiB 5% mopory HymboBoi rimore3n ta 95% JII, mokpammB ToUHICTh POTHO3Y moTpedu y [TX]]
y niteit Ykpainu, ane norpelye KaniOpyBaHHS IUIsl KPUTUYHUX HO30JIOTIH (HAIPHUKIIAM, IS CEpPLEBO-CYIMHHIX 3aXBOPIOBAHb Majia-
THBHUX CTaJiif). BUKOpHCTaHHS TOBIpPYOTO iHTEPBAly IIOXMOKH KOB3HOTO TPEHIY JJO3BOJIMIIO BUSBUTH SK CHIIbHI CTOPOHH MOZENI, TaK
1 HAIPSIMKY JUTA 11 BIOCKOHAJICHHS.

Ku1ro4oBi cJ10Ba: prockonanene npornosysanHs notpe6u; iniiiHuil Tpen 1; JorapudMidHuil TpeH ; eKCTIOHEHILIHHUI TpeHT;
BaJigaris.
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