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Abstract

This present work investigates trend analysis of genetic disorder in Nigeria a case study of Sickle Cell Disease
(SCD). Four different trend models of time series were fitted such as; linear, quadratic, exponential and s-curve
trend models on sickle cell disease cases in Nigeria (annual data set from 2010 to 2016). The best trend model
was then identified using model accuracy measures [Mean Absolute Percentage (MAPE), Mean Absolute
Deviation (MAD), & Mean Squared Deviation (MSD)]. The findings showed that of all three model accuracy
methodologies tested, the quadratic and s-curve trend models compete favourably. The s-curve trend model, on
the other hand, had the lowest MAPE and best fit the data. The s-curve trend model was used to produce a six-
year projection of sickle cell disease cases in Nigeria and revealed that the number of sickle cell disease cases in
the country (Nigeria) will decline during the following six years, from 2017 to 2022.
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Introduction

Sickle Cell Disease(SCD) is a category of haemoglobin-related inherited diseases. Red blood cells are made up
of haemoglobin, which is a molecule that delivers oxygen to the body’s tissues. An issue with haemoglobin
causes sickle cell disease, which causes red blood cells to be C-shaped (like a sickle) and sticky. As a result,
they can stick in the cardiovascular system. They are also unable to deliver oxygen effectively. This can affect
the body in various ways. In people with SCD, sickled red blood cells can clog small blood vessels and
capillaries, preventing oxygen from reaching the tissues. As a result, many people with SCD have episodes of
extreme discomfort. It can also cause organ damage, both acute and chronic. Children with SCD are at risk of
contracting life-threatening infections. Since sickle cell disease impairs immune system function. Children with
SCD are more likely to contract life-threatening infections, particularly those caused by Streptococcus
pneumonia and Haemophilus influenza. (Gill, et al 1995). Sickle cell illness currently has no treatment. It can be
fatal, there are however ways to manage the symptoms. Organizations such as the Sickle Cell Disease
Association of America are attempting to raise awareness and encourage additional financing for sickle cell
research (Cohen, et al., 2010).

Based on the National Institute of Health (2002) guidelines for the management of SCD, children with Hb SS or
sickle SO-thalassemia should receive regular penicillin prophylaxis from the age of 2 months to 5 years, and
parents should have the option to continue prophylaxis for patients older than 5 years; for patients with Hb SC,
penicillin prophylaxis has been stated to be probably wise. In addition to antibiotic prophylaxis, children with
SCD issues should be up to date on routinely recommended vaccines, such as pneumococcal and H. influenza
type b vaccines (Hib). Children with SCD should get both the 13-valent pneumococcal-conjugated vaccine
(PCV13) and the 23-valent polysaccharide vaccine starting at the age of 2-6 months. (NIH, 2002).
Adamkiewicz, et al. (2008) established that people with SCD, as well as parents of children with SCD, need to
know how to avoid complications and maintain their health. Dehydration prevention, avoiding exposure to
excessive cold or heat, infection prevention, good nutrition, recognizing and seeking immediate medical
attention for symptoms such as fever, and pain evaluation and management are just a few of them. (Wethers,
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2000). As a result, information and awareness-related activities should be included in successful public health
interventions for lowering morbidity and death among people with SCD.

Complication prevention knowledge and practice should be enhanced in areas such as follow-up of infants with
favourable NBS results and provider contacts. Direct counselling, information material distribution, and
reference to other sources are all possibilities for giving such information. Nearly all caregivers believed the
written educational materials provided to children with SCD and their families were useful in a study (Mahat et
al., 2007). Comprehensive SCD treatment clinics, for example, can provide disease-specific comprehensive care
spanning a variety of medical skills and services (Grosse, et al., 2009). The number of specialized facilities, on
the other hand, is restricted, and access to them is insufficient across the country. A medical home supervised by
a primary care practitioner or a chronic care model may be more suited to provide primary and preventative
care. (Grosse, et al., 2009). Day hospitals have also been reported to be an effective and helpful method of
delivering health care, particularly for the treatment of sickle cell crisis and pain episodes (Raphael, et al, 2008).

Several variables contribute to the disease's return in Nigeria and Africa as a whole. In Africa, poverty has a role
in the occurrence of sickle cell traits. Many of the world's poorest people, according to Pattanayak, et al. (2003),
live in locations with a high incidence of sickle cell disease. Many people lack access to appropriate health care
due to financial constraints. The economic status of a vulnerable country plays a role in defining preparedness
and control measures in the event of an outbreak. (Sudhakar & Subramani, 2007). There appears to be limited
information on the occurrence of SCD in Africa to enable community health experts and other health
practitioners to give relevant counselling services to the general public regarding SCD. This study is designed to
apply statistical modelling in forecasting the cases of SCD in Nigeria between 2016 and 2022.

As a statistical tool, time series analysis examines previous data and models it to produce forecasts for the
future. Past observations of a phenomenon must be acquired to make any prognosis regarding the future. As a
result, a time series can be defined as a collection of observations across time. The values Y1, Y 2..eeeeeuneeene. Y n
of variable Y at times ti, to..ccccoeeneee. t, can be written mathematically as; Secular trend, seasonal variation,
cyclical variation, and irregular variation are all examples of motions in time series. As a result, time series
analysis has shown to be a useful method for predicting macroeconomic variables. According to Chen and Hong
(2012), econometric models are not superior to time-series techniques when fundamental changes occur in an
economy. In this study, four trend models will be used to evaluate the movement in Nigeria; there have been
epidemics of sickle cell disease. The linear trend model, quadratic trend model, exponential trend model, and S-
curve model were used to determine the best model that matches the sickle cell disease outbreaks in Nigeria and,
more importantly, to produce sickle cell disease forecast cases understudied.

Eke et al., (2015) compared three time-series models. This study fitted three time series trend models on
Nigeria's Gross Domestic Product, viz: a linear trend model, a quadratic trend model, and an exponential trend
model, using annual data from 1982 to 2012. The exponential trend model was found to have the lowest MAPE
and best fit the data. The exponential trend model was used to construct a five-year forecast for Nigeria's Gross
Domestic Product, revealing that the country's GDP will grow over the following five years. Lin et al., (2009)
also used time series analysis to study the link between falciparum malaria in endemic provinces and imported
malaria in non-endemic regions of China. An autoregressive integrated moving average model was used to fit
the predictor variable at first. According to AIC and goodness-of-fit criteria, the seasonal ARIMA (1, 1, 1) and
(0, 1, 1) models for malaria incidence matched the data the best of all the models examined. Briet, et al. (2008)
created a short-term malaria prediction model for Sri Lanka. The ability of exponential moving average models,
autoregressive integrated moving average models with seasonal components, and seasonal multiplicative
autoregressive integrated moving average (ARIMA) models to predict the number of malaria cases one to four
months ahead was compared using monthly time series of district malaria cases. The best model for forecasting
and forecasting error differed significantly between districts. For example, in Ampara, the best model for
predicting horizon was an ARIMA (2, 1, 1) with seasonality via a harmonic with one year and a harmonic with a
six-month length for one month. The ARIMA (0, 1, 2) model with seasonality through a first-order seasonal
autoregressive and a first-order seasonal moving average component proved optimal for the district of Ampara
over longer forecasting horizons.
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Contreras, et al (2003) used an ARIMA model to create a model for forecasting next-day power prices in
mainland Spain and California markets. Their programme was able to predict the 24 market-clearing prices for
the following day. The ARIMA model is a useful tool for forecasting time series. The time series analysis was
used in the forecasting of malaria epidemic outbreaks in Nigeria by Nkpordee and Wonu (2018). The Nigerian
National Bureau of Statistics, Social Statistics, provided secondary data for the study. The study used the Box-
Jenkins (1976) approach to develop a suitable mathematical model by taking into account the ACF and PACF
correlograms. With a 16-month lead, ARIMA (1, 0, 1) model was used to forecast monthly reported cases of
malaria, resulting in a series with a progressive rise and decline. The study also looked at the monthly average of
malaria cases recorded. The study suggested that the government should ensure that insecticide-treated nets,
pesticides, anti-malaria drugs, and other products are available in rural communities in Nigeria.

Problem Specification

Poverty, unemployment, lack of education, lack of social support networks, and other disparities, for example,
can all have an impact on the health and well-being of people. These factors may limit efforts to improve
healthcare services. Despite the disease's severe impacts, some Nigerians do not fully comprehend the
importance of a sickle cell disease-free environment in fostering economic development and poverty reduction.
Sickle cell disease may have had a major impact that has not been quantified, which could persuade legislators,
policymakers, programme managers, and development partners to commit the necessary attention and resources
to combat this horrible disease. This study intends to fill the knowledge gaps about SCD trend behaviour in
Nigeria to ascertain whether there is a decline or rise in the prevalence of the disease.

Purpose of the Study
The purpose of this study is to look at a trend analysis of genetic disorders in Nigeria, with a case study of sickle
cell disease as a case study (SCD). The following are the study's particular objectives:
1. determine the parameter estimates (oo, o1 and ap) in the relevant models (i.e. linear, quadratic,
exponential and s-curve trend models).
2. for each model, obtain the trend analysis plot for the sickle cell disease instances.
3. calculate the individual model's model accuracy measurements (MAPE, MAD, and MSD).
4. compare the results of the four trend models and choose the one with the lowest MAPE, MAD, and
MSD as the best model for determining the sickle cell disease cases' trend.
5. using the best-fit trend model determined in step 4 above, forecast the trend of Nigerians with sickle
cell illness

Materials and Methods

Research Design: The design for this study was a cross-sectional research design that focused on trend analysis
of genetic disorder in Nigeria: A study of SCD.

Nature and Sources of Data: The collected and used data for this study was secondary statistical data extracted
from survey information performed in Nigeria on sickle cell disease epidemic from records department of
annual sickle cell disease cases in Nigeria matching the data length of 49 based on an aged group from 2010 to
2016. Long-term sickle cell disease cases in Nigeria data from the Nigeria SCDC Data - 2016, Average Number
of Hospital Admissions were used. Appendix A contains the information.

Data Analysis: The parameters that make up the models are obtained using the MINITAB (16.0) application.
The researcher used this software to estimate the parameters for Linear, Quadratic, Exponential, and S-cure
models to make record evaluation easier. The MINITAB (version 16.0) programme was used to forecast the
development of sickle cell illness in Nigeria after establishing the trend model with the greatest fit.

Model Specification: This research will use the linear trend model, quadratic trend model, exponential trend
model, and S-cure model. Let Z , be the time series, then

The Linear Trend Model

The linear trend model is used by default in trend analysis:

Z, =a,tot+yu, 0
The average change from one period to the following time t is represented in this model.
Model for linear forecasting:
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Z, =a,+aot

(@)
The Quadratic Trend Model:
2

Z, =a,+tot+a,t” + 3)
Quadratic forecasting model:
Z, =a, +at+a,t’ @)
The Exponential Trend Model:

t
Zt =a0(a1) +1th (5)
Exponential forecasting model:

t
Z, =q, (0!1) (6)

The S-curve Trend Model:
The S-curve model fits the Pearl-Reed logistic trend model. This is how the case when the series follows an S-
shaped curve is described. The following is the model:

10¢

7 =
t iao +a,a, ) @)

where
oy .
= Estimated Z intercept
A _ Estimated linear effect on Z

@2 — Estimated quadratic effect on Z

Models Accuracy Measures

To find the best fit, the model with the fewest accuracy measurements will be used (MAPE, MAD and MSD).
The best model is one that reduces the criterion to the bare minimum. Several criteria for selecting various
models, such as Mean Absolute Percentage Error (MAPE), Mean Absolute Deviation (MAD), and Mean
Squared Deviation (MSD), have been proposed in recent years (MSD). A couple of these standards are as
follows:

Mean Absolute Percentage Error (MAPE): Because this is a percentage, it measures the correctness of fitted
time series values and expresses accuracy as a percentage of the error.

SN2, -2)]Z,
MAPE = X100 (Z, #0) ®
n

where Z, is the number of observations, Z, is the number of fitted values, and is the actual values at time t.

Mean Absolute Deviation (MAD): The precision of time series values that have been fitted is measured with
this metric. It expresses precision in the same way as data does. This also aids in theorizing the error.

z‘(zt _Zt)
_ =1
MAD = » ©)

where Z[ , Z, and n as defined in Equation (8)

Mean Squared Deviation (MSD): Regardless of the model, the denominator, n, is used to determine this. MSD
values can now be compared across models. As a result, MSD is more vulnerable to forecast inaccuracy than
MAD.
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Z ‘(Zt T Zt) i
MSD = +=L

n (10)

where Z: , Z, and n as defined in Equation (8)

RESULTS

The Actual Data's Time Series Plot:

The sickle cell disease cases in Nigeria (2010-2016) were displayed in a time series plot in fig. 1 below. The
graph depicts seasonal variation in the early period (seasonality of order 7) and upward trend movement. This
implies we'll model the data by fitting a general time series trend model to figure out which model best fit the
data set for predictions.

Time Series Plot of SCD

1200 -
1000 -
800 -

8

& 6004
400 -

200 -

Index

Fig.1 Time series plot of the actual data

The Linear Trend Model:

_ _ *
Equation (2)'s predicted linear trend model is written as Z, =843.8-7.55510%¢ .
The linear trend model does not fit the data, as shown by the graphic in fig.2.

Trend Analysis Plot for SCD
Linear Trend Model
Yt = 843.8 - 7.55510*t
1200 1 Variable
—@— Actual
—m— Fits
1000
Accuracy Measures
MAPE 67.5
800+ MAD 261.6
MSD 92614.9
[=]
A 600 -
400 -
200 +
O = T T T T T T T T T T
1 5 10 15 20 25 30 35 40 45
Index

Fig.2 Trend analysis plot of the linear trend model
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Table 1: Accuracy Measures of Linear Trend Model

Accuracy Measures

MAPE 67.5
MAD 261.6
MSD 92614.9

Data in Table 1 shows that MAPE has a value of 67.5 in the linear trend model's accuracy metrics, while other
values are relatively large.
The Quadratic Trend Model:

Z, =855-8.8t+0.026t°

Equation (4)'s predicted quadratic trend model is written as
model, as depicted in fig.3, does not suit the data.

. The quadratic trend

Trend Analysis Plot for SCD
Quadratic Trend Model
Yt = 855 - 8.8*t + 0.026*t**2
1200 Variable
—®— Actual
—— Fits
1000 -
Accuracy Measures
MAPE 67.5
800 - MAD 261.4
MSD 92593.7
8
S 600
400 -
200
0_ T T T T T T T T T T
1 5 10 15 20 25 30 35 40 45
Index
Fig.3 Trend analysis plot of the quadratic trend model
Table 2: Accuracy Measures of Quadratic Trend Model
Accuracy Measures
MAPE 67.5
MAD 261.4
MSD 92593.7

Data in Table 2 shows that MAPE has a value of 67.5 in the quadratic trend model's accuracy metrics, while
other measures are relatively large.
The Exponential Trend Model:

_ * t
Equation (6)'s projected exponential trend model is written as Z, =773.472%(0.98698)
The exponential trend model does not suit the data, as shown by the graphic in fig. 4.
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Trend Analysis Plot for SCD
Growth Curve Model
Yt = 773.472 * (0.98698* *t)

1200+ Variable
—@— Actual
1000 =
Accuracy Measures
MAPE 59
800 - MAD 268
Ly |
. - MSD 100347
(=]
9 6004 "=
o i
400 [

200

T T T
1 5 10 15 20 25 30 35 40 45
Index

Fig.4 Trend analysis plot of the exponential trend model
Table 3: Accuracy Measures of Exponential Trend Model

Accuracy Measures

MAPE 59
MAD 268
MSD 100347

The exponential trend model's accuracy measurements in Table 3 demonstrate that MAPE has a value of 59,
while other values are relatively substantial.
The S-curve Trend Model:
7 - 10*
The estimated s-curve trend model of equation (7) is given as ~* ~ (1 8.7369 +0.00193279 * (1.21 864)t )

. The s-curve trend model matches the data with slight variance, as seen in Figure 5.
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Trend Analysis Plot for SCD
S-Curve Trend Model
Yt = (10*%*4) / (18.7369 + 0.00193279*(1.21864* *t))

1200+ Variable
—@®— Actual
—m— Fits
1000 -
Curve Parameters
Intercept 533.650
800 Asymptote 533.705
Asy m. Rate 1.219
8 600 + Accuracy Measures
w MAPE 56
MAD 305
400 4 MSD 130465

i 5 10 15 20 25 30 35 40 45
Index

Fig.5 Trend analysis plot of the s-curve trend model

Table 4: S-curve Trend Model Accuracy Measures

Accuracy Measures

MAPE 56
MAD 305
MSD 130465

Table 4 shows that MAPE has a value of 56 in the s-curve trend model's accuracy metrics, while other values
are relatively substantial.

Comparison of the Accuracy Measures:

Table 5: Comparing the Accuracy Measures

Model MAPE MAD MSD
Linear 67.5 261.6 92,614.9
Quadratic 67.5 261.4 92,593.7
Exponential 59.0 268.0 100,347.0
S-curve 56.0 305.0 130,465.0

When comparing the accuracy of the measurements of these four models in Table 5, the MAD and MSD for all
of them are quite large. However, when comparing the four accuracy metrics, the s-curve model has the least
MAPE measure of 56, indicating that sickle cell disease cases in Nigeria do not follow a linear trend model;
rather, they follow an s-curve trend model. The s-curve trend model will be used to calculate a six-year
projection of sickle cell disease cases.

Six Years Forecast of the Sickle Cell Disease Cases in Nigeria

The s-curve trend model forecast of sickle cell disease cases in Nigeria shows that the number of sickle cell
disease cases will decline, as shown in Table 6 below.

Period 2017 2018 2019
Forecast 176.212 153.702 132.998

2020
114.244

2021
97.491

2022
82.711
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Trend Analysis Plot for SCD
S-Curve Trend Model
Yt = (10%*4) / (18.7369 + 0.00193279*(1.21864* *t))
1200 - Variable
—@— Actual
—— Fits
1000 Forecasts
Curve Parameters
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Asym. Rate 1.219
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Fig.6 Trend analysis plot of the s-curve trend model with Forecasted values

Discussion of Finding

The growth behaviour of sickle cell disease cases in Nigeria was analyzed using four time-series models, which
were compared in this study. The four models encompassing Linear, Quadratic, Exponential, and S-curve were
not all supposed to be able to reflect the long term trend of sickle cell disease cases in Nigeria by comparing and
analyzing the model accuracy metrics of MAPE, MAD, and MSD values of each model. The S-curve trend
model, on the other hand, was in the best agreement with the actual long-term sickle cell disease cases in
Nigeria, as measured by MAPE, MAD, and MSD values. The real sickle cell disease patients were detected
using an s-curve trend model, which was established by the MAPE value (Mean Absolute Percentage Error). In
a previous study, Nkpordee and Wonu (2018) applied time series analysis was used in the forecasting of
malaria epidemic outbreaks in Nigeria. The Box-Jenkins (1976) approach was used to develop a suitable
mathematical model by taking into account the ACF and PACF correlograms. The ARIMA (1, 0, 1) model was
used to forecast monthly reported cases of malaria, resulting in a series with a progressive rise and decline. The
study also looked at the monthly average of malaria cases recorded.

CONCLUSION

It was established that of all three model accuracy methodologies tested, the quadratic and s-curve trend models
compete favourably. The s-curve trend model, on the other hand, had the lowest Mean Absolute Percentage
Error (MAPE) and best fit the data (2010-2016). The s-curve trend model was used to produce a six-year
projection of sickle cell disease cases in Nigeria and revealed that the number of sickle cell disease cases in the
country (Nigeria) will decline during the following six years, from 2017 to 2022. The implication of the findings
of this study is positive because the decline in the number of cases of SCD is an indication of a reduction in the
problems associated with SCD. The pregnancy and childbirth psychological effects, lower educational
achievement and difficulty in finding a job as well as other vital considerations related to genetic counselling
can be optimally done with public health efforts with the available findings. These are significant factors that
should be included in public health initiatives aimed at preventing SCD.

Recommendations
The following recommendations were made based on the findings of the study:
1. A national public health agenda with the requisite public health services as its base is required in
addressing the issues and concerns raised in this study to increase public awareness of SCD.
2. Poverty, unemployment, lack of education, insufficient social support networks, and related disparities
should be given serious consideration as variables to improve the health and well-being of people.
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3. Important health-related programmes and policies that are focused on or coordinated with
socioeconomic and environmental aspects should be more effective.
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