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Abstract 

This study examined the reported appendicitis cases at Federal Hospital Kaura Namoda, 

Zamfara State using the time series approach. The objectives of the study include: to determine 

the time series component present in monthly reported cases of appendicitis in Nigeria; and to 

forecast the occurrence of the disease for the next two years. The least-square method of 

estimating trend was used to determine the trend. The reported cases of appendicitis process 

were found to be stationary over time. The result of the two-year forecast revealed that the 

number of appendicitis cases has an increasing trend during the First Quarter of the year 

(January to March) which happens to be the major dry season of the State. However, the trend 

of appendicitis cases tends to decline over the years.  
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1. Introduction 

Appendectomy is the most commonly performed emergency operation worldwide with a 

lifetime risk of appendicitis of 8.6% in males and 6.7% in females (Flum and Koepsell 2002). 

The diagnosis of acute appendicitis is mainly based on clinical findings (Humes and Simpson, 

2006). Although it is often possible to make a clinical diagnosis, there are groups of patients in 

which clinical diagnosis is difficult and these patients provide some degree of diagnostic 

uncertainty. Studies reporting mortality associated with appendicitis have shown a significant 

increase in mortality associated with perforation. The perforation rate is reported to increase 

by 5% over 12 hours 36 hours after the onset of symptoms; therefore, appropriate diagnosis 

and treatment are required. High rates of negative appendectomy (operation without 

histological confirmation of appendicitis) have been reported with some groups such as females 

of reproductive age with rates up to 26%. A delayed or misdiagnosis, therefore, has both 

clinical and economic consequences (Flum and Koepsell, 2002) and this has led to considerable 

research to identify clinical, laboratory and radiological findings that are diagnostic of 

appendicitis and the development of clinical scoring systems ( some computer-assisted) to 

guide the doctor in formulating the correct diagnosis. Thus reducing the delay in diagnosis and 

decreasing the rates of negative appendectomy. It is shown that, despite the introduction of new 

specialized tests, the diagnosis of appendicitis has not improved at the population level. 

 

Appendicitis is the leading cause of emergency surgical admission in most hospitals in Nigeria. 

It accounts for around 15-40% of all emergency surgeries performed in most centres in the 

country. All age groups can develop the disease, including a fetus in utero, but the incidence is 

higher in the second and third decade of life. Acute appendicitis classically occurs as abdominal 

pain, which is initially periumbilical, then localizes in the right iliac fossa. It is associated with 
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low-grade fever, loss of appetite, nausea, and vomiting. This classic presentation occurs in only 

50% of cases (Craig, 2007). Depending on the location of the appendix, there may be dysuria 

and a change in bowel habit. This different presentation makes diagnosis difficult, and this is 

truer in children and the elderly where the diagnosis may be lost. The objectives of the study 

includes: to determine the time series component present in monthly reported cases of 

appendicitis in Nigeria; to determine the best model that rightly fit the appendicitis cases in 

Nigeria; and to forecast the occurrence of the disease for the next two years.  

 

2. Literature Review 

According to Alvarado (1986), scoring system can be used to confirm the diagnosis of 

appendicitis. The scoring system takes into account signs, symptoms, and laboratory results in 

suspected cases of acute appendicitis. Several studies have found that the Alvarado scoring 

system has high sensitivity and accuracy in diagnosing appendicitis. According to 

Arnbjörnsson (1982), acute appendicitis has been shown to occur before the colon and rectal 

cancer. Several studies offer evidence that low fibre intake is involved in the pathogenesis of 

appendicitis.  

 

Pittman-Waller et al., (2000) revealed that early diagnosis and prompt surgery are the keys to 

the effective management of acute appendicitis. Diagnosis is mainly clinical. However, the 

picture of acute appendicitis may not be classic and, in such situations, an early intervention 

policy to avoid perforation can lead to highly negative laparotomy rates or misdiagnosis. 

 

Wagner et al., (1996) argued that the main causes of morbidity and mortality are perforation 

and gangrene. However, current management protocols and the use of antimicrobial drugs have 

brought overall mortality to near zero and major complications are gradually decreasing. 

Wound infection (simple wound infection or intra-abdominal abscess) is the most common 

postoperative complication typically in patients with perforated appendicitis. 

 

3. Materials and Methodology 

3.1 Data Collection 

This study used secondary data from record transcription as a data collection method. This is a 

method of obtaining the desired information from already available data records. Therefore, all 

the information needed in this study was gleaned from the annual patient records at the Kaura-

Namoda Federal Hospital, Zamfara.   

 

3.2 Method of Data Analysis  

Considering that the data is a time sequence data collected at regular interval (monthly), the 

statistical tool adopted by the researcher for the analysis is time series analysis. Time series 

examines statistical data with respect to the number of observations, recorded in accordance 

with the time of occurrence. Time series is the collection of quantitative observations that are 

evenly spaced in time and measured successively.  

Time series refers to that body of principles and techniques which deals with analysis of the 

observed data Xt, (t=1, 2,…, n) in order to gain an understanding of the underlying dynamics of the 

process Xt, t ∊ z 
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3.2.1 Approaches To Time Series Analysis: 

The three major approaches to time series analysis are: 

a) Analysis in Frequency Time Domain: Here a function called autocorrelation function 

is used to describe the evolution of the process through time. 

b) Analysis in Frequency Domain: in this approach, a function called the spectral density 

function which describes how the variations in time series may be accounted for by 

cyclical component at different frequencies is used. 

c) Simple Descriptive Technique: This is a traditional approach which involves the 

decomposition of the series into four components. Namely: 

i. The Trend (Tt) 

ii. The Seasonal Variation (St) 

iii. The Cyclical Variation (Ct) 

iv. The Irregular Component (It)  

 

Simple descriptive technique consists of plotting the data and looking for trend, seasonal 

variation and cyclical variation. Hence, time series is a function of the trend, season variation, 

cyclic variation and irregular fluctuation or variation. i.e: 

Xt = F (Tt, St, Ct, It) 

 

3.2.2 Component Of Time Series: 

These explain the movements and direction of the observation used in forecasting time series 

in future. The components include: 

i. Trend 

ii. Seasonal variation 

iii. Cyclical variation 

iv. Residual or irregular influences 

 

The first three are reoccurring components while the last is none recurring. It follows no regular 

pattern of activity and does not have any statistical regulatory. Hence, it is an irregular 

influence. The components interact to account for the variations in the value overtime. 

i. Trend: 

This refers to general direction in which the graphs of a time series appear to be going over a 

long period of time. This general direction could be either downward or upward movement of 

a time series. Trends give a picture of the general tendency in the development process. It 

suggests whether a business is expanding or contracting in the long run. There are different 

methods of calculating trend, but only one of these will be used in this research work: the least 

squared method. 

ii. Seasonal variation 

This accounts for regular patterns of variability within certain time periods, such as a year. The 

variability does not always correspond with the seasons of the year. There can be for example, 

within-week, within-day seasonal behavior. 

iii. Cyclical variation 

This refers to the long term oscillations or swings about the trend. This cycles as they are 

sometimes called may or may not be periodic. An important example of cyclical movement are 



 
 

 
62 

 

COOU Journal of Physical Sciences 4 (1), 2021 

Website:www.coou.edu.ng 

the so called business recession, depression and recovery. If short periods of time are involved, 

the cyclical component can be ignored. 

iv. Residual or irregular influences 

These are sometimes referred to as erratic fluctuations of a time series. They are usually of 

short duration and follow no regular or systematic patterns. Sometimes they produce long 

lasting effects. They may be unpredictable or may result from isolated special occurrence as 

good or bad news, wars, strikes, etc. 

 The cyclical and irregular components are not easily described by mathematical 

models. They are sometimes referred to as residual variations. 

3.2.3 Time Series Models 

The three models used in time series analysis are: 

a) Additive model: This is based on the assumption that the four components are 

independent of each other. 

Xt  =  Tt + St + Ct + It                                                                                                   (1) 

 

b) Multiplicative model: Here, it is assumed that the four components of a time series are 

not necessarily independent and they can affect one another. 

Xt  =  Tt * St * Ct * It                                                                                                    (2) 

 

c) Mixed model 

Xt  =  Tt * St * Ct + It                                                                                                    (3) 

 

3.2.2 Least Square Method of estimating Trend  

This method is most widely used in finding the trend and it is considered as the best method 

since one can easily forecast for the future. The linear trend equation is given as: 

 

Yt = α + βt + ɛ                                                                                                                           (4)                                                                            
 

Where,  

Yt = the estimated trend value for a given period t 

α = Y intercept of the trend line when t = 0 

β = the gradient or slope of the trend line. i.e the change in Yt per unit of time. 

t = time unit 

ɛ = coefficient of error 

α = ȳ – βt                                                                                                                                   (5) 

β = 
𝑛∑𝑥𝑦−∑𝑥∑𝑦

𝑛∑𝑥2− (∑𝑥)
 

The line of the equation is then 

Yt = ᾱ + βt                                                                                                                                 (6) 
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3.3 Data Presentation  

Table 1: Summary of the Number of Monthly Reported Appendicitis cases for 

2011 to 2017  

MONTHS 

YEARS 

2011 2012 2013 2014 2015 2016 2017 

January 7 8 4 8 5 4 2 

February 4 6 5 6 4 3 3 

March 7 8 3 4 3 2 1 

April 9 4 6 5 2 4 2 

May 5 9 4 4 4 5 1 

June 3 7 5 2 5 0 1 

July 9 9 1 7 5 3 1 

August 6 9 4 5 3 5 3 

September 7 7 5 5 0 3 2 

October 6 5 6 4 5 1 3 

November 9 8 7 7 4 2 2 

December 6 4 6 3 6 3 1 

Total 78 84 56 60 46 35 22 

 

Table 2: Summary of the Number of Quarters Reported Appendicitis cases for  

2011 to 2017  

QUARTERS 
YEARS 

2011 2012 2013 2014 2015 2016 2017 

1st Quarter 18 22 12 18 12 9 6 

2nd Quarter 17 20 15 11 11 9 4 

3rd Quarter 22 25 10 17 8 11 6 

4th Quarter 21 17 19 14 15 6 6 

Total 78 84 56 60 46 35 22 

 

4. Data Analysis and Result 

4.1 Result of STATIONARITY TEST of the Appendicitis Series from 2011 to 2017 

The series was tested to ascertain if stationary or not by conducting Kwiatkowski-Phillips-

Schmidt-Shin (KPSS) test with 

H0: The series is stationary  

Ha: The series is non-stationary 

 

Table 3: Summary Result of the Kwiatkowski-Phillips-Schmidt-Shin test 

Null Hypothesis: SERIES is stationary  

Exogenous: Constant   

Bandwidth: 4 (Newey-West automatic) using Bartlett kernel 

          
    LM-Stat. 
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Kwiatkowski-Phillips-Schmidt-Shin test statistic  0.610586 

Asymptotic critical values*: 5% level   0.463000 

  10% level   0.347000 

     
     
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 6)  

  

   

 

The result of the analysis obtained in table 3 found a p-value of 0.61 which is greater than the 

significant level α =0.05. This result indicates that the series was stationary and adequate for 

making future forecast.  

 

4.2 Result of Least Square Estimation of Trend  

The result of the Least Square estimation of the trend using the Minitab Package found the 

model to be:  

 

Yt = 22.49– 0.609637t                                                                                                           (7) 

 

 
 

Figure 1: Trend Line Graph of Appendicitis Cases from 2011 – 2017 (Quarterly) 

 

 

Table 4: Estimation of Seasonal Variation using Ratio to Moving Average Method 

            Seasonal Variation 

Year Quarter Value Y 

4 Quarters 

MAT 

8 

Quarters 

MAT Moving Average Multiplicative Model 
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2011 1 18 - - - - 

  2 17 78 - - - 

  3 22 82 160 20 110 

  4 21 85 167 20.88 100.5747126 

2012 1 22 88 173 21.63 101.7105871 

  2 20 84 172 21.5 93.02325581 

  3 25 74 158 19.75 126.5822785 

  4 17 69 143 17.88 95.07829978 

2013 1 12 54 123 15.38 78.02340702 

  2 15 56 110 13.75 109.0909091 

  3 10 62 118 14.75 67.79661017 

  4 19 58 120 15 126.6666667 

2014 1 18 65 123 15.38 117.0351105 

  2 11 60 125 15.63 70.37747921 

  3 17 54 114 14.25 119.2982456 
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  4 14 54 108 13.5 103.7037037 

2015 1 12 45 99 12.38 96.93053312 

  2 11 46 91 11.38 96.66080844 

  3 8 43 89 11.13 71.87780773 

  4 15 41 84 10.5 142.8571429 

2016 1 9 44 85 10.63 84.66603951 

  2 9 35 79 9.88 91.09311741 

  3 11 32 67 8.38 131.2649165 

  4 6 27 59 7.38 81.30081301 

2017 1 6 22 49 6.13 97.87928222 

  2 4 22 44 5.5 72.72727273 

  3 6 - - - - 

  4 6 - - - - 
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Table 5: Seasonal Indices 

Quarter 1 Quarter 2 Quarter 3 Quarter 4 Total 

96 91 113 100 400 

 

The result obtained in figure 1 showed a decreasing trend of the appendicitis cases over the 

study period.  

Also, a critical examination of the result obtained in table 5 reveals a noticeable seasonal 

influence on appendicitis cases during the 3rd and 4th quarter. Observation shows that seasonal 

influence is highest in Quarter 3 (113) and then followed by Quarter 4 (100). The season has 

the least influence in Quarter 2. 

 

Using the fitted trend equation (7), it was found that the estimated number of appendicitis cases 

will be about 2 cases at the first quarter of 2019 and approximately a case at the last quarter of 

2019 (see table 6).  

 

Table 6: Result of two-year Forecast (2018 and 2019) of Appendicitis Cases 

Year Quarter (t) Value (Y) 

2018 29  4.62 

  30  3.81 

  31  4.06 

  32  3.00 

2019 33  2.28 

  34  1.59 

  35  1.30 

  36  0.55 

 

5. Conclusion 

This study examined the reported appendicitis cases at Federal Hospital Kaura Namoda, 

Zamfara State using the time series approach. The least-square method of estimating trend was 

used to determine the trend. The reported cases of appendicitis process were found to be 

stationary over time. The result of the two-year forecast revealed that the number of 

appendicitis cases has an increasing trend during the First Quarter of the year (January to 

March) which happens to be the major dry season of the State. However, the trend of 

appendicitis cases tends to decline over the years. Based on the findings made in this research 

work, the researcher wishes to recommend the following:  

 

i. The State Government and Non-Governmental Organizations should rise to the fighting 

against the occurrence of appendicitis.  

ii. Owing to the Sahara desert’s relentless march towards most states of the North, 

including Zamfara State evident in the arid dryness and ruthlessly gushing winds, 

Public health workers should embark on educative programmes to keep the disease 

under control by enlightening the community to avoid intake of Stony Rice, Sandy 

Garri, and unripe guava’s seed which the body cannot digest. 
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iii. Adequate water supply is made available by the Government to the residents of the 

state.  

iv. Future researchers on appendicitis can be guided by this work as a template to a more 

detailed investigation into a comparison of the impact of geographical difference on the 

inhabitant. 
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