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Modeling the Number of Attacks in Multiple Sclerosis
Patients Using Zero-Inflated Negative Binomial Model
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Abstract
Background and aims: Multiple sclerosis (MS) is an inflammatory disease of the central nervous system.
The impact of the number of attacks on the disease is undeniable. The aim of this study was to analyze the
number of attacks in these patients.
Methods: In this descriptive-analytical study, the registered data of 1840 MS patients referred to the MS clinic
of Ayatollah Kashani hospital in Isfahan were used. The number of attacks during the treatment period was
defined as the response variable, age at diagnosis, sex, employment, level of education, marital status, family
history, course of disease, and expanded disability as the explanatory variables. The analysis was performed
using zero-inflated negative binomial model via Bayesian framework in OpenBUGS software.
Results: Age at diagnosis (CI: -0.04, -0.20), marital status (CI: -0.56, 0.002), level of education (CI: -0.81,
-0.26), Job (CIHousewives vs Employee=[0.04, 0.64], CIUnemployee vs Employee=[-1.10,0.008])), and course of disease (CI:
-0.51, -0.08) had a significant effect on the number of attacks. In relapsing-remitting patients, the number of
attacks was partial significantly affected by expanded disability status scale (EDSS) (CI: -0.019, 0.16).
Conclusion: Aging, being single (never married), high education, and not having a job decrease the number
of attacks; therefore, lower age, being married, primary education, and being a housewife increase the
number of attacks. An interventional or educational program is suggested in order to prevent the occurrence
of further attacks in high-risk groups of patients and to increase their chances of recovery.
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Introduction
Multiple sclerosis (MS) is a chronic inflammatory
disease relevant to the central nervous system. In this
illness, neural messages are led more slowly than usual.1
In recent years, the number of MS patients has been
increasing so much in Iran that the MS Association
of Iran has announced that there are 70 000 cases of
this disease among Iranians. The association has also
declared that Isfahan province has the highest number
of MS patients among all the provinces in Iran. This
disease is more common among 20 to 45-year-old
women and is subject to change with the passage of
time. The relapsing-remitting is the most common
course of MS. Approximately, 0.1% to 0.2% of the
population in Europe and North America have MS
2
. In the United States, there are 250 000-350 000
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MS patients.3 It has been reported that in western
countries, there is one MS patient per 1000 people.4
The patients experience attacks during the illness.
The attack occurs either when the previous symptoms
of the illness worsen or when new symptoms appear
suddenly and/or gradually. The attack lasts for least 24
hours, but it could sometimes continue for months.
The number of attacks and the time interval between
them vary from patient to patient.5,6 The overall aim
of treating this illness is to prevent attacks as much as
possible, reduce the frequency of the attacks, increase
the time interval between two attacks, and eventually
prevent the progress of the disease and the disability
resulting from the disease.7
This study aimed to analyze the factors affecting
the frequency of attacks in MS patients. Since the
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frequency of attacks is count data, a count model must
be applied to analyze the data. There are two standard
count models: the Poisson regression model and the
negative binomial regression model. If the variance
is higher than the mean of response variable, there is
the problem of “overdispersion”, where the negative
binomial model is more applicable than the Poisson
model.8
Most of the count data in medical studies have a high
zero frequency, i.e. the number of zeros is more than
expected in a standard count model, which is called
zero-inflated response. One of the suggested models
to resolve this problem is the zero-inflated model.9
Considering that there are both problems of high zero
frequency and overdispersion in this study, the zeroinflated negative binomial is used.
The zero-inflated model was introduced by Lambert
through Poisson count distribution in 1992. The zeroinflated model is a two-part mixed model in which
the first part is the zero inflation ratio and the second
part is the complete Poisson count distribution, or
complete negative binomial distribution is defined as
follows:

Materials and Methods

This descriptive-analytical study was conducted on
the data collected from the files of 1840 patients who
referred to the MS clinic of Ayatollah Kashani hospital
of Isfahan. All patients who had MS were examined
by a doctor and were included in the study. Their
information was recorded. Patients suspected of MS
were excluded from this study.
The data needed for this study were extracted by
IMED software in which the longitudinal information
of the patients had been recorded. The number of
attacks during the treatment period was regarded as the
response variable. The age at diagnosis, gender, marital
status, job, educational level, family history, the course
of disease, and the expanded disability status scale
(EDSS) were regarded as explanatory variables in the
zero-inflated negative binomial count model.
To estimate the parameters and obtain results, the
Bayesian analysis was applied. In this method, by
constructing the likelihood and the prior distribution
that the researcher has considered, the posterior
distribution of zero-inflated negative binomial model is
formed. Since the researcher had little prior knowledge
of the model’s parameters, non-informative priors were

p0 + (1 − p0 ) f D ( 0|θ ) y =
0
f ZID ( Y ) = 
taken into account. A normal distribution with mean
y=
1, 2,…
(1 − p0 ) f D ( 0|θ )
zero and variance 1000 was thus used for the regression
coefficient parameters of the model. Moreover, for the
fD(0│θ) is the mass function of the probability of the
prior distribution of the proportion parameter, the
distribution of D and p0 parameter of the zero-inflated
Uniform distribution in (0, 1) interval was considered,
ratio. The mean and the variance of the zero-inflated
with the Gamma distribution with parameters of (1, 1)
model are respectively obtained as follows9:
considered for the dispersion parameter. The posterior
distribution of zero-inflated negative binomial count
E (Y )= (1 − p0 ) E (YD )
model has a complicated and unknown form. As a
result, for the inference of parameters of the posterior
2
distribution, MCMC simulation methods were used.
Var (Y ) =
(1 − p0 ) Var (YD ) + p0 ( E (YD ) 
In this method, by successive sampling from full
conditional posterior distributions, Markov chains
were produced whose convergence indicates that they
In the current study, the probability mass function
can be taken as samples of posterior distribution, and
D is considered based on the negative binomial
inference about parameters could be done based on
distribution. This model shows what factors influence
them. To make sure of such convergence, different
the increase or decrease in the number of patients’
methods of recognizing the convergence of chains like
attacks. Furthermore, the impact of each independent
autocorrelation graphs, density function graphs, and
variable on the number of attacks can be assessed. To
the Brook-Gelman-Rubin method were employed.10
this end, a logarithm of response variables is linked
Posterior summaries for the model parameters were
to explanatory variables. The statistical model is as
computed based on 40 000 samples after a 5000
follows:
burn-in period. To enhance accuracy and precision of
parameter estimation and to reduce autocorrelation,
log ( µi )= α + βi xi ; i =1, …. , n
1 out of 10 produced samples was selected for the
posterior estimation. The relevant programming was
The aim of this study was to analyze the number
carried out in OpenBUGS software; for recognizing the
of attacks in MS patients with the zero-inflated and
convergence, BOA package was implied in R software.
hurdle models.
Since some independent variables such as EDSS and

(
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educational level contained missing data and omitting
them would cause loss of data and a reduction in the
model’s power, MICE replacement method was applied
to estimate the missing data, whose information was
used in modeling. To estimate the missing values, VIM
(Visualization and Imputation of Missing Values)
and MICE (Multivariate Imputation by Chained
Equations) packages were applied in R software.
Results

In summary, out of the 1840 patients, 1467 (79.7%)
were female and 1336 (72.6%) had relapsing-remitting
MS. Their age at diagnosis ranged from 9 to 73 with
a mean of 34.13 ± 9.86 years. EDSS of patients ranged
from 0 to 9 with a mean of 2.74 ± 2.17. Their followup period ranged from 34 to 86 months with a mean
of 61.6 ± 14.11 months. Additionally, 1288 (70%) of
patients were married and 722 (39.2%) of them had
university education. Other characteristics of patients
and mean number of attacks of patients are presented
in Table 1.
The number of the patients’ attacks, as the response

variable, had a lower bound of 0 and an upper bound
of 6 with a mean of 0.27 ± 0.67 attacks, while the
median and mode of the number of attacks were both
0, showing a high frequency of 0 and a strong skewness
in the data (Figure 1). Skewness coefficient of the
frequency of attacks was equal to 3.37 with a variance
of 0.43; therefore, the variance is 1.59 times as high as
the mean, which suggests overdispersion in the number
of attacks. The overdispersion was 19.5% which in turn
made the overdispersion test of the response variable
significant (P < 0.001).
The posterior summaries of the zero-inflated negative
binomial count model including point estimation, with
90% credible interval, for modeling the number of
attacks in MS patients are presented in Table 2. During
the follow-up period, patients with relapsing-remitting
MS have different variations; therefore, in consecutive
periods, the disability can be increased or decreased or
remain unchanged. Considering this, a separate count
model was employed to study the effect of EDSS on
the number of attacks in relapsing-remitting patients.
The posterior summaries of EDSS parameter in zero-

Table 1. Mean Number of Attacks in MS Patients (Response Variable) Based on Independent Variables
Variable

Sex

Age (y)

Marital status

Level of education

Job

Family history

Course of disease

EDSS

Follow-up (month)

Level

Number of Patients

Number of Attacks

Number

%

Mean±SD

Male

373

20.3

0.26 ± 0.70

Female

1467

79.7

0.27 ± 0.64

<20

77

4.2

0.22 ± 0.45

20-40

1287

69.9

0.30 ± 0.70

40-60

452

24.6

0.21 ± 0.56

>60

24

1.3

0.12 ± 0.45

Single

472

25.7

0.23 ± 0.61

Married

1288

70

0.28 ± 0.68

Other (divorced, widow)

80

4.3

0.26 ± 0.57

Elementary

467

25.4

0.34 ± 0.76

High school

651

35.4

0.31 ± 0.67

University

722

39.2

0.19 ± 0.55

Employed

500

27.2

0.22 ± 0.67

Housewife

1019

50.4

0.31 ± 0.67

Unemployed (jobless, retired)

92

5

0.16 ± 0.50

Student

229

12.4

0.24 ± 0.60

Yes

339

18.4

0.28 ± 0.67

No

1501

81.6

0.27 ± 0.65

RR

1336

72.6

0.25 ± 0.63

SP

504

27.4

0.32 ± 0.70

0-3.5

1233

92.3

0.27 ± 0.65

3.5-6.5

102

7.6

0.05 ± 0.29

30-50

539

29.3

0.27 ± 0.57

50-70

800

43.5

0.27 ± 0.68

>70

501

27.2

0.27 ± 0.71
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Table 2. Posterior Summaries of the ZNB Model for Modeling the Number of Attacks in MS Patients
Parameters

Marital status

Job

Education

Mean

Median

Standard Deviation

5%

95%

Intercept*

-4.981

-4.999

0.446

-5.706

-4.221

Age*

-0.0328

-0.0328

0.0078

-0.0458

-0.202

Sex (female)

-0.3117

-0.3062

0.2071

-0.6602

0.0241

Family history

0.0851

0.08403

0.1453

-0.151

0.3238

Single*

-0.2792

-0.2795

0.1702

-0.5599

0.0022

Divorced

0.1808

0.1833

0.2989

-0.3109

0.6694

Housewives*

0.3197

0.3165

0.1926

0.0038

0.6392

Unemployed*

-0.5445

-0.5399

0.3273

-1.105

0.0076

Student

0.1263

0.1260

0.2403

-0.2680

0.5186

High school

-0.1222

-0.1218

0.1456

-0.3607

0.1162

University*

-0.5331

-0.5314

0.1658

-0.8077

-0.2605

Course of disease*

-0.2983

-0.2995

0.1316

-0.5133

-0.0819

Inflated ratio*

0.2357

0.2345

0.1321

0.02868

0.4515

Dispersion*

0.9252

0.7946

0.4576

0.4792

1.814

Deviance *

2383

2383

5.271

2376

2393

Significant at 0.1
Baseline marital status: married; Baseline job: employee; Baseline education: < high school
*

90%, EDSS has a significant effect on the frequency of
attacks in relapsing-remitting patients.
Discussion

Figure 1. Frequency of Attacks in MS Patients in Follow-up Time.

inflated negative binomial count model including
point estimation, with 90% credible interval, for
modeling the number of attacks in relapsing-remitting
MS patients are illustrated in Table 3.
According to confidence intervals of zero-inflated
negative binomial model parameters, independent
variables of age, being single vs. married, having an
academic degree or not, employment status (including
housewives), being unemployed (retired or jobless),
and course of the disease had a significant impact
on the increase or decrease in the number of attacks
during the treatment period. There was no significant
relationship between family history and the number
of attacks. According to the confidence interval of
4
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In this study, some factors influencing the number of
attacks in MS patients were identified. The patients
who were surveyed had referred to the MS clinic of
Kashani hospital in Isfahan for follow-up treatment.
Most of these patients were female (79.7%) aged 2040 (69.9%), married (70%), with university education
(39.2%), housewives (50.4%), belonging to relapsingremitting course of the disease (72.6%), and with mild
EDSS (92.3%).
The results showed that age, marital status,
educational level, employment, and disease course
affected the increase or decrease in the frequency of
attacks. Older patients, the single, and those with
university education experienced fewer attacks. Single
patients had 0.75 times fewer attacks than married ones
do, which was probably due to marital life difficulties.
Patients with university education who underwent
treatment experienced 0.59 times fewer attacks
compared to those with elementary school education.
It can thus be said that education plays a big part in
detecting the illness, its process, and controlling it,
with well-educated people experiencing fewer attacks
indicating their partial recovery. The frequency of
attacks in housewives was 38% as high as the employed
patients; household chores are regarded as physically
demanding activities which may have undesirable
impacts on the disease and eventually cause more

Jamalian et al
Table 3. Posterior Summaries of EDSS Parameters in ZNB Model for Modeling the Number of Attacks in RR MS Patients
Parameter

Mean

Median

Standard Deviation

5%

95%

Intercept*

-5.120

-5.132

0.2524

-5.504

-4.69

0.07

0.0708

0.0544

-0.019

0.16

Inflated ratio*

0.3204

0.3227

0.1611

0.0467

0.566

Dispersion*

0.8274

0.6749

0.5009

0.3558

1.815

Deviance*

1723

1723

2.477

1721

1728

EDSS*

Significant at 0.1

*

attacks. Unemployed patients (jobless or retired) had
0.58 times fewer attacks than the employed patients;
therefore, the kind of job and activities impact the
frequency of attacks. Since this disease is accompanied
by physical disability, choosing the appropriate job
and having the incentive to work influence the disease.
As jobless or retired patients do not have work stress
or do taxing activities, they experience fewer attacks.
Patients with progressive conditions experience 0.74
times fewer attacks than those with relapsing-remitting
conditions, suggesting that the disease usually starts
with an attack in patients with progressive conditions
and as time passes, the expanded disability deteriorates
in turn. However, in relapsing-remitting patients, there
are sudden attacks after which the patients experience a
quiet period and are partially fine before the occurrence
of another attack whose symptoms and intensity can
be different from the previous ones. In summary, the
frequency of attacks is higher in relapsing-remitting
patients. In these patients, the number of attacks has
a direct relation with the extent of disability; therefore,
those with higher EDSS experience more attacks.
Most of the patients surveyed in this study were
women. Similarly, MS is more common among women
in other studies conducted in different countries. For
instance, in a survey carried out on 1463 patients in
Italy, 67.2% of patients were women.11 In another
study in Canada, 2837 patients were studied, 70.4% of
whom were women.12 Accordingly, it can be said that
MS is 2 or 3 times more common in women than in
men. Additionally, 72.6% of the patients in this study
belonged to the relapsing-remitting category. A similar
study in the United States and Canada showed that 8590% of the patients belonged to this category.13
In count data, especially those with a high frequency
of zeros, it is essential to apply zero-inflated count
model to obtain efficient and reliable estimates. In
this study, the response variable of count data had a
high frequency of zeros and significant overdispersion.
Hence, the zero-inflated negative binomial count
model was applied to analyze the data. One of the
limitations of this study was the inequality of the

patients’ follow-up period, so to correct the results,
each patient’s follow-up period was considered as an
offset variable in the zero-inflated negative binomial
count model.14
Searching the data banks indicated that no studies
have ever been conducted regarding the factors
affecting the number of attacks, making this study the
first in this area.
Conclusion

Given the fact that patients recognized at an earlier
age, married vs. single patients, those with elementary
education vs. the ones with an academic degree,
employed and housewife patients vs. unemployed
ones, and those with relapsing-remitting conditions
experienced more attacks in their follow-up treatment,
they should be instructed and certain treatment plans
be administered to reduce the frequency of attacks and
consequently increase their chances of recovery.
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