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ABSTRACT 
This study considered the use of beta-binomial regression on non–cohort data to analyze patient-
reported outcomes as compared to the conventional method of multiple linear regression. The 
results indicated that the beta-binomial regression performed better than the multiple linear 
regression irrespective of the number of covariates used. 
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INTRODUCTION 
A Patient Reported Outcome (PRO) according to Najera-Zuloaga (2017) ‘‘is any report on the 
status of a patient's health condition that comes directly from the patient, without interpretation of 
the patient's response by a clinician or anyone else’’ (p.1). Furthermore, Najera-Zuloaga (2017) 
noted that PRO measurements are progressively being used as main outcome measures in clinical 
studies to better understand essential health outcomes. Dobrozsi and Panepinto (2015) also noted 
that PROs can enhance information on the well being of patients and their families.  This opinion 
by Dobrozsi and Panepinto (2015) is corroborated by Chang (2017) who opined that PROs have 
become very important in disease monitoring and control and in the assessment of treatment 
effectiveness in subjective discomfort and psychological distress. Speight and Barendse (2010) 
noted again that PROs have become integral to objective outcome evaluation as evidenced in the 
combination of PROs with other objective indicators by the U.S. Food and Drug Administration 
(FDA) since 2006. Additional details of PROs, its measurement and administration, as well as the 
concept of Health-Related Quality of Life (HRQoL) can be seen in Goldsmith (1972); Hunt et. al. 
(1985); Croog et. al. (1986); McDowell and Newell (1987); Wilson and Cleary (1995); Montazeri 
(2008) and (2009); Au et. al. (2010); Fisch et. al. (2012); and Buckner et. al. (2014). 
Generation of data using PROs is based on the successful identification of the nature of the PROs 
involved. This can help to facilitate an improved treatment for patients with chronic sicknesses. In 
this study, we examined whether beta-binomial regression would give meaningful clinical 
interpretation than the multiple linear regression in a situation when there is no cohort data (i.e. 
patients are not being studied over successive years) and the covariates are mainly asthma and 
chronic obstructive pulmonary disease (COPD) with the age and duration of the illness of the 
patients already documented. 
 

SHORT FORM-36 HEALTH SURVEY 
The SF-36 Health Survey according to Najera-Zuloaga et. al. (2019) ‘‘measures generic HRQoL 
concepts and provides an objective way to measure HRQoL from the patients' point of view by 
scoring standardized responses to standardized questions’’. Stansfeld et. al. (1997) noted that the 
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reliability and validity of the SF-36 Health Survey have been tested widely. Najera-Zuloaga et. al. 
(2019) noted additionally that:  
‘‘the SF-36 questionnaire has 36 items, with different answer options. It was 
constructed to represent eight health dimensions, which are: Physical functioning 
(PF), Role physical (RP), Bodily pain (BP), General health (GH), Vitality (VT), 
Social functioning (SF), Role emotional (RE) and Mental health (MH). Each item 
is assigned to a unique health dimension. Each of the eight multi-item dimensions 
contains two to ten items. The first four dimensions are mainly physical, whereas 
the last four measure mental aspects of HRQoL’’. 
 
Ware et. al. (1994) discussed the standardization of the scoring system applicable to the SF-36 
questionnaire. They opined that each score is calculated with an algorithm based on the original 
items assigned to each dimension. For each dimension, the answers to the items are first recoded 
and then added in a weighted sum fashion. The resulting raw scores according to Najera-Zuloaga 
et. al. (2019) are then ‘‘transformed to standardized scale scores from 0 to 100, where a higher 
score indicates a better health-status’’. 
 

DATA DESCRIPTION AND METHODOLOGY 
Chronic Obstructive Pulmonary Disease and Asthma are very common diseases around the 
world; some well-designed studies have found a measured prevalence of these diseases to be high 
and it is expected to increase over the years. However, patients with these diseases tend to have 
worsening quality of life. In other to carry out this research work, a Short-Form 36 questionnaire 
was developed and administered across different hospitals in Oyo-state, Nigeria. However, 100 
responded questionnaires were used for this research work. The selected covariates and essential 
descriptive statistics obtained on them are shown in Table 1 below. The means ranged from 0.53 
to 75.00 while the standard deviations (SDs) ranged from 0.50 to 39.66. 

Table 1: Descriptive Statistics of Selected Covariates               

                   N=100                                                   Mean           SD 

                                                           
                       Age          44.66         14.59 
  Duration (years)        1.46           0.50  
  Asthma                                                              0.47           0.50 
  COPD          0.53           0.50 
  SF-36: 
  Physical functioning       61.94          26.41 
  Role-physical        36.68          33.10 
  Bodily pain        60.30          27.29 
  General health                                                  67.70          27.72 
  Vitality                    40.80          19.66 
  Social functioning       75.00          24.10 
  Role-emotional                   67.98          39.66 
  Mental health        62.04          26.66 
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ANALYSIS WITH MULTIPLE LINEAR REGRESSION (MLR) 
Normal fitting of the eight domains of HRQoL was performed using unbiased estimates of the 
parameters of the normal distribution. Therefore, the model is given by 

                   =      i = 1, ... ,N      j = 1, ... ,8                                                                                 T

ij i j ijy x  
      (1) 

where
y ij  represent the response, for subject  i = 1, ... ,N  on domain j = 1, ... ,8; ix

 is a vector 

of length k (k-vector) of explanatory variables observed on subject ;i 1 = ( , ... , )T

j j jk  
 are k-

vectors of unknown regression coefficients on domain j = 1, ... ,8  and the ij
 are uncorrelated, 

normally distributed random variables with mean zero and constant variance across subjects 

throughout the range of fitted values for each domain j = 1, ... ,8.  i.e. 

2~ N(0, ),ij ij  representing the deviation of the response from the model prediction 
T

i jx 
 for 

each  j = 1, ... ,8.           Thus, model (1) assumes that the dependent variable, HRQoL score, is 

continuous and also implies that the dependent variable is normally distributed. Assumptions for 

Multiple Linear Regression (MLR) were checked graphically and by the use of the Kolmogorov-

Smirnov goodness-of-fit test. The Kolmogorov-Smirnov goodness-of-fit test was used to assess 

for normality in the residuals.  

 

RESULTS AND DISCUSSION FROM THE MLR ANALYSIS 

Figure (1) shows the histograms for the eight HRQoL domains of the SF-36 questionnaire. The 
expected curve of the probability density function under the assumption of a normal distribution 
is overlaid to the histograms in Figure (1). Goodness of fit to a normal distribution was rejected 
for seven out of the eight domains of HRQoL with α = 0.05. Vitality was the only domain where 
the normal distribution was not rejected. Normal quantile-quantile plots of the residuals of the 
finally selected multiple linear regression models for the eight domains of the SF-36 
questionnaire are shown in Figure (2). They should be close to a straight line if the residuals were 
normally distributed, which in general are not. Table (1) and (2) show the estimates of the 
coefficients and the statistical significance under the Wald test in the Multiple Linear Regression 
approach with all the covariates in the model for each of the eight HRQoL domains divided in 
physical and mental aspects of HRQoL. 
From Tables 2 and 3, we can notice that if MLR approach is used in order to find the effect of 
covariates on HRQoL, it has a less significant covariates while in Table 2 where the estimates of 
the coefficients and p-values of the MLR were obtained only the Bodily pain and Role-physical 
have significant covariate with respect to Age at α = 0.05. Finally, in Table 3, we have Vitality as 
the only one with significant covariate (COPD). In terms of clinical interpretation, in physical 
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HRQoL, physical functioning and covariate (Asthma), MLR shows an estimated coefficient of -
1.4, indicating that a patient with symptom suggestive of Asthma is expected to have a score 
smaller in more than 1 point (out of 100) in his or her physical functioning than a patient without 
it. A patient with symptoms suggestive of COPD is expected to have score smaller in 1 point in 
her physical functioning than a patient without this symptom. An increase in 5 years in the 
patient's duration of the illness is expected to decrease her physical functioning in almost 2 points 
(5 * -0.464 = -2.32). Also, in Mental HRQoL, vitality, MLR shows an estimated coefficient of 2.3 
in covariate (COPD), indicating that a patient with symptom suggestive of COPD is expected to 
have a score 2.3 points larger than patient with Asthma. 
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Figure 1: Observed probability (bars) and expected probability under Normal   

                distribution (curve) for the eight domains of the SF-36 questionnaire 
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Figure 2: Normal quantile-quantile plot of residuals of the finally selected Multiple 

Linear Regression model for the eight domains of the SF-36 questionnaire 
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Table 2: Estimates of the coefficients and P-values associated to Multiple Linear Regression   

            Model for each of the four physical HRQoL domains of the SF-36 questionnaire data 

 

 
HQRoL Covariates   ̂              ˆ( )SD   t value        ( | |)pr t  

PF Intercept 25.996 3.807 6.828 <0.001 
Age -0.050 0.035 1.425 0.157 

Duration -0.464 0.451 -1.030 0.305 
Diagnosis Asthma -1.404 3.053 -0.460 0.647 

COPD 0.896 3.024 0.296 0.768 
RP Intercept 2.113 0.739 2.858 0.005 

 Age
*
 0.017 0.007 2.528 0.013 

 Duration 0.045 0.088 0.513 0.609 

 Diagnosis Asthma -0.751 0.593 -1.267 0.208 

 COPD -0.912 0.587 -1.553 0.124 

BP Intercept 10.781 1.803 5.979 <0.001 

 Age
*
 -0.043 0.017 -2.608 0.011 

 Duration -0.422 0.214 -1.051 0.296 

 Diagnosis Asthma -0086 1.446 -0.059 0.953 

 COPD 0.220 1.432 0.154 0.878 

GH Intercept 20.532 2.956 6.945 <0.001 

 Age -0.021 0.027 -0.764 0.447 

 Duration -0.304 0.350 -0.869 0.387 

 Diagnosis Asthma 0.791 2.371 0.334 0.739 

 COPD 2.142 2.348 0.912 0.364 
Abbreviations used are: physical functioning (PF), role-physical (RP), bodily pain (BP), general 

health (GH), and Chronic Obstructive Pulmonary Disease (COPD). Significant covariates in 
model selection are showed with * 
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Table 3:  Estimates of the coefficients and P-values associated to Multiple Linear 

                        Regression Model for each of the four mental HRQoL domains of the SF-36 

Questionnaire data 

 
HQRoL Covariates   ̂              ˆ( )SD   t value        ( | |)pr t  

VT Intercept 6.062 1.274 4.759 <0.001 
Age -0.011 0.012 -0.907 0.367 

Duration -0.247 0.151 -1.640 0.104 
Diagnosis: Asthma 1.557 1.022 1.524 0.131 

COPD
*
 2.306 1.012 2.279 0.025 

SF Intercept 6.731 0.741 9.083 <0.001 

 Age -0.013 0.007 -1.886 0.062 

 Duration 0.103 0.088 1.172 0.244 

 Diagnosis: Asthma -0.441 0.594 -0.743 0.460 

 COPD -0.242 0.589 -0.410 0.683 

RE Intercept 4.814 0.930 5.178 <0.001 

 Age -0.006 0.009 -0.723 0.472 

 Duration -0.020 0.110 -0.184 0.855 

 Diagnosis: Asthma 0.611 0.746 0.820 0.415 

 COPD 0.451 0.738 0.610 0.543 
MH Intercept 19.599 1.858 10.550 <0.001 

 Age -0.024 0.017 -1.416 0.160 

 Duration -0.154 0.220 -0.702 0.484 

 Diagnosis: Asthma -0.480 1.490 -0.322 0.748 

 COPD -0.767 1.476 -0.520 0.604 
Abbreviations used are: vitality (VT), social functioning (SF), role-emotional (RE), mental health 

(MH), and Chronic Obstructive Pulmonary Disease (COPD). Significant covariates in model 
selection are showed with * 
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ANALYSIS WITH BETA-BINOMIAL REGRESSION 

Beta-binomial regression, as a particular case of logistic regression with random effects 

considering a beta-binomial marginal distribution, was used in order to analyse the influence of 

patients' and disease's characteristics on HRQoL. Therefore, the model is given by                                     

( ) = ,  i = 1, ... ,N,  j = 1, ... ,8T

ij i j j ilogit x u                                                               (2) 

where ij presents the true probability of success in each set of jn  binomial trials for the 

subject i = 1, ... ,N . In this particular case, ij represents the probability of obtaining one point on 

the jth  HRQoL domain for subject 1,  ... ,Ni  . 

in deviances of two nested models. Significance level was stated at   = 0.05. As in model (2), 

ix  is a k-vector of explanatory variables observed on subject i  and 1( ,  ... , )T

j j jk    are k-

vectors of unknown regression coefficients on the HRQoL domain. The constant 1,  ... ,8.j   

The constant j is the unknown positive parameter for the random effect on the jth  HRQoL 

domain and the iu ’s are independent and identically distributed random variables with mean zero 

and variance one. Estimates of p and   have been obtained by the maximum-likelihood method 

and are shown in Table 4. Beta-binomial fitting of the eight domains of HRQoL was performed 

estimating the parameters of the distribution by maximum likelihood. Table 5 shows the 

estimation of the parameters for the beta-binomial distribution for each of the eight HRQoL 

domains. The expected curve of the probability density function under the assumption of a beta-

binomial distribution is overlaid to the histograms in Figure (3). Goodness-of-fit to a beta-

binomial distribution, conducted by 
2   tests was not rejected for any of the dimensions Analysis 

was performed for each of the eight HRQoL domains and all the covariates were tested for 

significance. Model selection was performed using the 
2  test for difference in deviances of two 

nested models. Significance level was stated at   = 0.05. 
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Figure 3:  Observed probability (bars) and expected probability under the beta- 

binomial distribution (curve) for the eight domains of the SF-36 questionnaire 
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Table 4: Estimation of the parameters of the BB ( n , p , ) distribution 

HQRoL n
 

p̂  ̂        

Physical functioning          21 0.6308 0.5583 
Role-physical 5 0.3218 1.8013 

Bodily pain 27 0.6201 0.5418 
General health 39 0.7043 0.7744 

Vitality 21 0.4039 0.2762 
Social functioning 9 0.7664 0.8159 

Role-emotional 4 0.6924 5.6340 
Mental health 26 0.6125 0.5415 

Abbreviations used are: possible score range ( n ), probability parameter ( p̂ ) and dispersion 

parameter ( ̂  ) 

Table 5: Estimates of the coefficients, standard deviations and p-values associated to 

the beta binomial regression model for each of the four physical HRQoL domains of 

the SF-36 Questionnaire data 

 
HQRoL Covariates   ̂              ˆ( )SD   t value        p-value

 

PF Intercept 1.027 0.982 1.046 0.298 
Age -0.013 0.008 -1.505 0.136 

Duration
*
 -0.100 0.107 -2.137 0.035 

Diagnosis: Asthma -0.312 0.826 0.377 0.707 

COPD -0.624 0.818 0.763 0.447 

Scale parameter       -0.666 0.138   

RP Intercept -1.797 0.726 -2.476 0.015 

Age
*
 0.031 0.011 2.815 0.006 

Duration
*
 -0.272 0.312 -0.872 0.002 

Diagnosis: Asthma
*
 -0.025 0.008 -3.059 0.005 

COPD -0.544 0.237 -2.296 0.025 

Scale parameter       0.494 0.150   

BP Intercept 1.536 0.969 1.586 0.116 

Age
*
 -0.025 0.008 -2.941 0.004 

Duration -0.196 0.104 -1.887 0.062 
Diagnosis: Asthma 0.309 0.817 0.379 0.706 

COPD 0.510 0.806 0.633 0.528 

Scale parameter       -0.736 0.136   

GH Intercept 1.523 1.041 1.464 0.147 

Age
*
 -0.020 0.009 -2.175 0.032 

Duration 0.002 0.119 0.017 0.986 

Diagnosis Asthma -0.135 0.869 -0.156 0.876 
COPD 0.592 0.850 0.696 0.488 

Scale parameter       -0.359 0.140   

Abbreviations used are: physical functioning (PF), role-physical (RP), bodily pain (BP), 
general health (GH), and Chronic Obstructive Pulmonary Disease (COPD).Significant 

covariates in model selection are showed with * 
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Table 6: Estimates of the coefficients, standard deviations and p-values associated to the 

beta-binomial regression model for each of the four mental HRQoL domains of the SF-36 

Questionnaire data 

HQRoL Covariates   ̂              ˆ( )SD   t value        p-value
 

VT Intercept -1.390 0.778 -1.787 0.077 
Age -0.007 0.006 -1.084 0.281 

Duration
*
 -0.242 0.088 -2.742 0.007 

Diagnosis: Asthma
*
 1.493 0.675 2.212 0.029 

COPD
*
 1.848 0.668 2.766 0.007 

Scale parameter       -1.475 0.151   

SF Intercept 3.188 0.966 3.200 0.002 

Age
*
 -0.022 0.010 -2.251 0.027 

Duration 0.164 0.114 1.430 0.156 

Diagnosis: Asthma
*
 -1.623 0.770 -2.108 0.038 

COPD -0.915 0.749 -1.222 0.225 

Scale parameter       -0.302 0.149   

RE Intercept 1.041 1.543 0.675 0.501 

Age -0.013 0.013 -1.002 0.319 

Duration -0.107 0.158 -0.673 0.502 
Diagnosis: Asthma 0.653 1.336 0.489 0.626 

COPD 0.459 1.310 0.350 0.727 

Scale parameter       1.710 0.197   

MH Intercept 1.592 0.887 1.794 0.076 

Age -0.012 0.008 -1.505 0.136 
Duration -0.091 0.104 -0.874 0.384 

Diagnosis Asthma -0.411 0.703 -0.584 0.561 

COPD -0.375 0.692 -0.542 0.589 

Scale parameter       -0.645 0.136   

Abbreviations used are: vitality (VT), social functioning (SF), role-emotional (RE), mental health 
(MH), and Chronic Obstructive Pulmonary Disease (COPD). Significant covariates in model 

selection are showed with *. 
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RESULTS AND DISCUSSION FROM THE BBR ANALYSIS 
From Tables 5 and 6 we can notice that almost all the dimensions have significant covariate 
except role-emotional and mental health. From clinical point of view, for physical functioning, 
the presence of symptom suggestive of Asthma increases by 1.4 the odds of having a smaller 
HRQoL score (i.e 1/e (̂-0.312) = 1.4). The presence of symptom suggestive of COPD increases 
by 1.9, the odds of having a smaller HRQoL score (1/e (̂-0.624) = 1.9). An increase of 5 years in 
the patient's duration of the illness is expected to increase her odds of having a smaller physical 
functioning score by a factor 1.6 ( i.e 1/(e (̂5*-0.100) = 1.6)). Results were also clinically 
meaningful in the mental health dimension. The odds ratio of a patient without symptom 
suggestive of Asthma over a patient with it was 1.52 (1/e (̂-0.411) = 1.52) likewise that of COPD 
was 1.45 (1/e (̂-0.375) =1.45). 
 
CONCLUSION 
The study was aimed at finding the suitability of BBR for modeling non-cohort data and to check 
whether BBR approach will give an improved clinical interpretation than the MLR via-a-vis the 
significant covariates. Asthma and chronic obstructive pulmonary disease were found to be the 
major significant covariates. This implies that irrespective of the covariates, BBR is expected to 
give a better clinical interpretation than the MLR. 
 
RECOMMENDATION 
This study conforms to the suitability of Beta-Binomial Regression (BRR) methods for SF-36 
cohort data. The BBR is also recommended therefore for use in cases where non-cohort data sets 
are the only available option. 
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