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Abstract  The study examines the factors associated with diarrhea prevalence in Yola of Adamawa State. Using Poisson 
regression model, while Quasi-Poisson and Negative Binomial were used to handle over dispersion. Pearson Chi-Square and 
Deviance was used to check for the goodness of fit. Data was extracted from the medical records of Adamawa State Specialist 
Hospital and Valli Clinic Yola. The variables on which the data were collected included sex, age group, year and hospital type. 
AIC of model 3 was selected as the least with AIC of 355.29. This model examines the interaction between hospital type and 
year of occurrence independent of age of patient, year and their gender. We found that male children are more likely to be 
infected with diarrhea compare to females. The study also revealed that as the children advanced in age, the rate of been 
infected with diarrhea decreases. The hospital type indicates that more patients infected with diarrhea visited Specialist 
hospital than Valli Clinic. The rate of infection increases every year but reduce in 2015 compared to 2014.   
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1. Introduction 
Diarrhea is the second leading cause of deaths among 

children younger than 5 years, with approximately 4 billion 
cases occurring each year in this age group (UNICEF/WHO, 
2009). Tobin, Isah and Asogun (2014) studies diarrhea 
incidence and home management practice of a rural 
community in Edo State Nigeria and concluded that nursing 
mothers knowledge on diarrhea is on the decline and that 
diarrhea become more complicated with insufficient fluid 
intake. Desalegn, Kumie and Tefera (2011) stated that 
factors associated with diarrhea in children include Acute 
Respiratory infection (ARI), maternal history of recent 
diarrhea, maternal education, source of water, (e.g. obtaining 
water from storage container by dipping), availability of 
latrine facilities, living in a house with fewer number of 
rooms, not breast feeding, duration of breast feeding, and age 
of the child. Oyinloye, Jatau, Aminu and Ella (2016) survey 
the presence of norovirus and astrovirus antigen in Diarrhea 
stools of children in Borno State Nigeria. The study suggest 
that norovirus prevalence of 8% and astrovirus prevalence of 
5% contribute significantly to diarrhea disease of childhood 
in Borno State, Nigeria. Furthermore, according to the sex 
stratification sample it revealed male susceptibility rate 
(6/130) to be greater  than female susceptibility  rate. Risk  
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factors that predispose children to diarrhea include poor 
sanitation, poor social and economic status and malnutrition 
(Andu, Omilabu, Peenze and Steele, 2002). It was reported 
that in most South Asian countries, that poverty, high 
population density, low status of women, poor antenatal case, 
high rates of low birth weight, unfavorable child caring 
practices and poor access to health care are the underlying 
risk factors associated to the diarrhea which have contributed 
to the development of protein-energy malnutrition (PEM), 
(WHO, 2010).  

With the different roles played by factors that have been 
considered in previous studies on diarrhea, we carried out 
this study with a view to see how hospital-type and year of 
disease occurrence as a factor could be considered in 
diarrhea prevalence among infants of Adamawa State. 

2. Methodology 
Data for this work were obtained from the Adamawa State 

Specialist Hospital, Yola and Valli Clinic, Yola, Adamawa 
State Nigeria between 2013 to 2015. Data collected on 
infected patients includes age, gender, hospital type and year 
of occurrence. 

2.1. Poisson Regression Model 

The Poisson regression is a member of a class of 
generalized linear models (GLM), which is an extension of 
traditional linear models where Poisson regression is often 
used to analyze count data. It can be used to model the 
number of occurrences of an event of interest or the rate of 
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occurrence of an event of interest, as a function of some 
independent variables. For example, the rate of insurance 
claim, number of doctor visits, incidence of diseases, crime 
incidence, number of days a child is absent from school. 
Colony counts of bacteria, the number of people affected 
with HIV/AIDs, the number of deaths from fatal accident can 
be modelled using Poisson regression, (McCullagh and 
Nelder, 1989). 

In Poisson regression it is assumed that the dependent 
variable Y, number of occurrence of an event, has a Poisson 
distribution given the independent variables 1 2, ,... pX X X .  

Pr(Y=y) = 𝑒𝑒
−µ µ𝑦𝑦

𝑦𝑦!
,  y = 0,1,2, 

Where E(Y) = µ  and Var(Y) = µ. This is called the 
equidispersion property of the Poisson distribution.  

The log of the mean µ is assumed to be a linear function of 
the independent variables, that is, 

1 1 2 2 ...o p pIn X X Xµ β β β β= + + + +             

where Y ∼P(µ) 
or equivalently, 

( )1 1 2 2 ...o p pX X X
e
β β β β

µ
+ + + +

=  

This is the model for analyzing normal count data. 
Sometimes, the response may be in the form of events of 

certain type that occur over time, space or some other index 
of size. When a response count Y has index (such as 
population size) equal to t , the sample rate of occurrence is 

/Y t . The expected value for rate is / .tµ  Thus, for 
analysis rate data, the model can be written as, 

1 1 2 2 ...o p pIn X X X
t
µ β β β β  = + + + + 

 
 

This model has equivalent representation as, 

1 1 2 2 ...o p pIn In t X X Xµ β β β β− = + + + +  

The adjustment term –Int, on the left-hand side of the 
equation is called an offset. 

2.2. Estimation of Parameters Using Maximum 
Likelihood Estimation (MLE) 

Estimation of parameters in Poisson regression relies on 
maximum likelihood estimation (MLE) method. Maximum 
likelihood estimation seeks on answer question of what 
values of the regression coefficients are most likely to have 
given rise to the data. To discuss the maximum likelihood 
estimation for Poisson Regression. Let iµ  be the mean for 
the ith  response, for i=1,2,…,n. Since the mean response is 
assumed to be a function of a set of explanatory variables. 

1 2, , ..., nX X X , the notation ( ),iXµ β  is used to denote 

the function that relates the mean response i iand Xµ  
(the values of explanatory variables for case i) and β (the 
values of regression coefficients). Now consider the Poisson 

regression model in the following form: 

( ) ( ), ,, X
i iX e βµ µ β= =           (1) 

Then, from Poisson distribution, 

( )
( ) ( ),,

,
!

iY X
iX e

P Y
Y

µ βµ β
β

−  =      (2) 

The likelihood function is given by 
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The next thing to do is taking natural log of the above 
likelihood function. Then, differentiate the equation with 
respect to β and equate the equation to zero. The log 
likelihood function is given as, 

( ) ( ) ( )
1

, , , ( !)
N

i i i i i
i

In L Y Y In X X In Yβ µ β µ β
=

  = − −  ∑ (4) 

( )[ ]; 0InL Y β
β
∂

=
∂

            (5) 

The solution to the set of Maximum Likelihood given 
above must generally be obtained by iteration procedure. 
This procedure will estimate the values of β. Maximum 
likelihood estimation produces Poisson parameters that are 
consistent, asymptotically normal and asymptotically 
efficient. (See Agreti P.147)  

2.3. Overdispersion Test 

In the Poisson regression analysis, there is an assumptions 
of equidispersion that the mean value of the variance must 
meet. However, this assumption is rarely fulfilled. Detecting 
over dispersion can be seen from the value of deviance/df or 
chi-square/df. If the value of the deviance/df or chi-square/df 
is greater than 1, it can be seen to be a case of overdispersion 
whereas if it is less than 1 then there is under dispersion. 

2.4. Negative Binomial Regression Analysis 

The negative binomial regression model is derived by 
rewriting Poisson regression model such that, 

o i i iIn Xµ β β ε= + +  

The negative Binomial regression distribution has the 
form. 

( )
( )
( ) ( ) ( )

1
1 1

1 1 1!

y
y

P Y y
y

α
µα α

µ µα α α

   Γ +
   = =
   Γ + +   
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Where ( ).Γ  is a gamma function. This results in the 
likelihood function. 

( )
( )
( ) ( ) ( )

1

1

1 1

1 1 1!

y
N

i
i

y
L Y

y

α
µα α

µ µα α α−

   Γ +
   =
   Γ + +   

∏  

Maximum likelihood estimation is used to estimate 
parameters in negative binomial. In addition, the 
interpretation of regression coefficients for negative 
binomial regression is the same as for Poisson regression. 

3. Results  
The number of infants infected with diarrhea was 

modelled using Poisson regression and the results are 
presented in the Table 1. The Table contains various models 
considered and their Akaike Information Criterion (AIC). 

 

The Table 1 shows that the best model which fit the infants 
infected with diarrhea from 2013 to 2015 is model 3 because 
it has the smallest AIC. The model 3 examines the 
interaction between hospital type and year of occurrence is 
independent of age of patient and their gender.  

Table 2 shows the results for the selected model 
(interaction between hospital type and year of occurrence is 
independent of age of patient and their gender) using Poisson 
Regression Model. From the table, babies between 1-3 years 
and 4-5 years are 0.7058 and 0.2424 times as likely to 
experience diarrhea incidence as those below 1 years. Also, 
Specialist hospital seem to record more cases of babies 
admitted for diarrhea cases than Valli clinic. These incidence 
seem to be on the increase between 2013 and 2015. 

To check the goodness of fit of the model, the following 
hypotheses are required. 

:oH  the model has a good fit versus  

1 :H  the model has lack of fit 

Table 1.  The Poisson Regression Models for the Number of Infants with Diarrhea from 2013 to 2015 with their AIC’s 

Model 
Number 

Possible Models 
Generated Equations AIC’s 

1. Main Effect Only ( ) 1 2 3 4= + + + +In y Age Gender Hosp Yearα β β β β  380.60 

2. Possible Interaction 
( ) 1 2 3

4 5 ( * )

= + + +

+ +

In y Age Gender Hosp

Year Age Gender

α β β β

β β
 383.93 

3 Possible Interaction 
( ) 1 2 3

4 5 ( * )

= + + +

+ +

In y Age Gender Hosp

Year Hosp Year

α β β β

β β
 355.29 

4 Possible Interaction 
( ) 1 2 3

4 5 ( * )

= + + +

+ +

In y Age Gender Hosp

Year Age Year

α β β β

β β
 375.70 

5. Saturated Model 

( ) 1 2 3

4 5 6

7 8

( * ) ( * )

( * ) ( * * )

= + + +

+ + +

+ +

In y Age Gender Hosp

Year Age Gender Age Year

Gender Year Age Gender Year

α β β β

β β β

β β

 433.78 

Table 2.  The Parameter estimate of Selected Poisson Regression Model for number of infants Infected with Diarrhea from 2013 to 2015 

Predictor Estimate Standard Error Z-value P-Value Odd Ratio 

Intercept -3.25352 0.10399 -31.287 2e-16 0.0386 

Male (Ref)      
Female -0.05942 0.06717 -0.885 0.37633 0.9423 

< Age 1 Year (Ref)      

1 – 3 years -0.34846 0.07822 -4.455 8.4e-06*** 0.7058 
4 – 5 years -1.41697 0.16407 -8.636 2e -16*** 0.2424 
Valli (Ref)      

Specialist Hosp. 0.62403 0.33017 1.890 0.05875 . 1.8664 
2013 (Ref)      

2014 1.00189 0.11164 8.974 2e-16*** 2.7234 

2015 1.10337 0.11351 9.721 2e-16*** 3.0143 
Interaction      

(Specialist*2014) 1.05373 0.33252 3.169 0.00153** 2.8683 

(Specialist*2015) 0.20256 0.35409 0.572 0.56728 1.2245 

Significant code: 0 ‘***’ 0.001 ‘**’  0.01 ‘*’  0.05 ‘.’ 0.1  ‘   ‘   1 
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Table 3.  Summary Result of Infants infected with Diarrhea (Categorical) 
Using Poisson Regression 

Criterion Value 

Pearson Chi-Square 251.7801 on 27 degree of Freedom 

Deviance 190.8718 on 27 degree of Freedom 

Dispersion Parameter 9.3252 

Table 3 shows the Pearson Chi-square of 251.7801 and 
deviance of 190.8718 both on 27 degree of freedom 

following the critical value of chi-square distribution ( 2χ ) 
with 27 degree of freedom with 40.113 at 5% level of 
significance which is Pearson Chi-Square and deviance 
value are greater than the critical value of 40.113. However, 
the assumption of equal variance to the mean in Poisson 
distribution has been violated since the dispersion parameter 
is not approximately equal to 1. The dispersion parameter of 
the above model is 9.3252 which is far greater than 1, an 
indication of over dispersion in the data. This means that the 
parameters of the model have been overestimated and the 
standard errors have been under estimated which will not 
give a true reflection of model which could provide 
appropriate mean number of infants with diarrhea from 2013 
to 2015. To address this error, Quasipoisson model and 
Negative Binomial regression was used to modify the model 
to nullify the effect of overdispersion in the data and the 
result is shown in the Table 4. 

Table 4 shows that Quasipoisson model maintain the same 
dispersion parameter with Poisson regression model but 
changes the standard error and reduced number of significant 
value compare to Poisson regression model as shown in  
table 4. It is clear that the Negative Binomial Regression 

model is actually the best model which fit the numbers of 
infant infected with diarrhea because the dispersion 
parameter has reduced from 9.325263 which was given by 
the Poisson Regression model and Quasipoisson model to 
1.2969. Also the Pearson Chi-Square of Negative Binomial 
Regression is given as 35.0153 compared to the critical value 
of 40.113 on 27 degree of freedom, which indicate that 
Negative Binomial Regression Model has a good fit. 

3.1. Interpretation of Coefficient 
From table 4, it is noted that the risk factors age 

categorized into 1-3 years, age 5-4 years, year 2014 and 2015 
are significant at α=5% with their respective significance 
values equal to 0.031391, 0.021392, 9.5e-06 and 0.000387. 
The odd that female children will suffer from diarrhea is 
about 0.05741 0.9442e− =  times that of males, indicating 
that the males are more likely to suffer from diarrhea than 
female. Children under 1 year seem to be the most hit from 
diarrhea than those between 1-3 years and 4-5 years which 
are 0.62179 0.5370e− =  and 1.01989 0.3606e− =  times as 
likely to have diarrhea as those under 1 year. Clearly, the 
chance of being affected with diarrhea reduces as the babies 
advance in age. For Valli Clinic compared to Specialist 
hospital has odds of 0.31753 1.3737e = , which indicate that 
patient infected with diarrhea visited Specialist Hospital 37% 
more than Valli Clinic. For year 2013 compared to 2014  
and 2015 recording odds of 1.57712 4.8411e =  and 

1.25608 3.5116e =  which are greater than that of 2013, 
indicating that patient with diarrhea increased in 2014 and 
2015 but there was a slight reduction in 2015 compared to 
that of 2014.  

Table 4.  The Parameter estimate of Using Quasipoisson Model for numbers of infant infected diarrhea 

 
Quasipoisson Model Negative Regression Model 

Estimated 
Coefficient 

Standard 
Error 

P-Value 
Estimated 

Coefficient 
Standard 

Error 
P-Value 

Intercept -3.25352 0.31756 8.42e-11* -3.17990 0.31228 2e-16* 

Male (Ref)       

Female -0.05942 0.20512 0.77425 -0.05741 0.21100 0.785561 

> 1 Year (Ref)       

1 – 3 year -0.34846 0.23887 0.15615 -0.62179 0.28893 0.031391* 

4 – 5 years -1.41697 0.50102 0.00872* -1.01989 0.44324 0.021392* 

Valli (Ref)       

Specialist Hosp. 0.62403 1.00824 0.54115 0.31753 0.55812 0.569410 

2013 (Ref)       

2014 1.00189 0.34093 0.00667* 1.57712 0.35615 9.5e-06* 

2015 1.10337 0.34662 0.00365* 1.25608 0.35392 0.000387* 

Interaction       

Specialist*2014 1.05373 1.01543 0.30861 0.80964 0.58421 0.165789 

Specialist*2015 0.20256 1.08131 0.85280 0.45430 0.59675 0.446487 

 Dispersion Parameter 9.325263  Dispersion Parameter 1.2969  

* Significant at 5%   
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4. Conclusions 
The Poisson Regression did not accurately fit the data on 

diarrhea due to the overdispersion effect. The Negative 
Binomial Model give a better fit. From this, it can be said 
that diarrhea is still a prevalent disease amongst children 
below 5 years. Younger babies suffer more. In the year 
2013-2015, Adamawa State has recorded high incidence and 
prevalence of the disease among infants; as such diarrhea is 
still a critical morbidity issue in the State especially among 
male children. 
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