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Background & Aim: One of the basic assumptions in simple linear regression models is the 
statistical independence of observations. Sometimes this assumption is not true for study 
subject and consequently the use of general regression models may not be appropriate. In this 
case, one of the leading methods is the use of multilevel models. The present study utilizes 
multivariate logistic regression model using a multilevel model to exhibit the chance of 
having elbow, wrist and knee disorders over the past year based on elbow, wrist and disorders 
during the past week. 
Methods & Materials: This study is a cross-sectional study that was carried out from April 
2015 to May 2016 in Mobarakeh Steel Company, Isfahan. The study population includes 300 
male employees of Mobarakeh Steel Company, with a mean age of 41.40±8.17 years and an 
average working experience of 16.0±7.66 years. Data were analyzed using SPSS (version 24) 
and MLwiN software. 
Results: Based on this study, results obtained from single variable and multivariable 
regression were different.  
Conclusion: Based on this study, it can be suggested that multivariable regression cause a 
better and more accurate deduction compared to single variable method. 
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Introduction 
The aim of statistics is the development and 

application of methods for extraction of valuable 
results from data sources and experiences. This 
science is divided into two main statistics groups 
including descriptive and inferential. The aim of 
inferential statistics is to discuss the effects of 
descriptive variables on response variables 
through modeling. Different statistical modeling 
can be described in generalized linear model 
format. A generalized linear model is composed 
from three components, including random, 
systematic and link function. Random component 
can be defined as distribution of variables’ 
response which is continuous or discrete and the 
mean of random component can be considered as 

a function of covariates. The systematic 
component is a relationship between the mean of 
dependent variable with covariates 
(x_1,x_2,...,x_p) and link function, correlation 
between the mean of random and systematic 
components. In most of medical applications and 
studies the desired answer variable is defined as 
zero and one. For example, if the individual age 
is supposed as an independent variable, whether 
he/she has cardiovascular disease or not, the 
dependent (response) variable can be zero (with 
heart failure) or one (without heart failure). If n 
number of individuals are examined, data of 
(x_1,y_1),(x_2,y_2),…,(x_n,y_n) will be 
obtained in which x_i is considered as age and y_i 
is zero or one. Logistic regression is, therefore, 
used in this condition. Odds ratio, which is 
defined as a ratio of occurrence probability to lack 
of occurrence probability, is designed in logistic 
regression. However, general logistic regression 
cannot be used in multivariate response. For 
instance, it has been supposed that a researcher 
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wants to evaluate the effect of shift working, work 
experience and education on musculoskeletal 
disorders incidence (1–3). Musculoskeletal 
disorders depend on work patterns. It is not 
specific to the industry or specialty and may be 
seen in all industries and professions. Symptoms 
of this disease are mainly observed in areas of the 
lower back, neck and upper extremities of the 
body (4, 5). According to NIOSH (National 
Institute for Occupational Safety and Health), 
which is done just for occupational patients, 
Work-related Musculoskeletal Disorders are 
ranked second after respiratory illnesses (6). 
Symptoms of the disease are reported for back, 
neck and upper limbs. If the author wants to 
consider correlations, a simple logistic regression 
for back problems, additional simple logistic 
regression for neck and one another for upper 
limbs is needed. Indeed, three logistic regression 
models are used for one hypothesis. Use of three 
models instead of one model increases first type 
error. Furthermore, consideration of relationships 
between these three variables in three separate 
regressions is impossible.  For this purpose, see 
the Figure 1. 

Multilevel model 
One of the basic assumptions in simple linear 

regression models is the statistical 
independence of observations (7). Sometimes 

this assumption is not true for study subject and 
consequently, the use of general regression 
models may not be appropriate. This status 
occurred for multilevel of cluster data that contain 
intergroup relation structures (8, 9). Appropriate 
model for the analysis of these data is multilevel 
models (10, 11). Since multilevel models consider 
correlation between observations, they provide 
more accurate results than compared to simple 
linear regression analysis (10, 12). In follow-up 
studies, there is the possibility of data loss which 
can lead to loss of information and missed values. 
The presence of missed values may decline 
accuracy of calculated statistical indicators and 
subsequently increase the complexity of model 
and statistical methods. Since results from 
incomplete data can result in bias, these data 
analysis should be done in appropriate way (8, 9, 
13). Multilevel model is a suitable method 
because it does not require data with balanced 
structure (11, 12). Multilevel models are a kind of 
analytical models that include variables measured 
at hierarchy different levels. Indeed, they include 
a class of models that use hierarchical linear 
regression. These models consider hierarchical 
structure of data. Multilevel models are also 

Figure 1.  Comparison of the relationships between three variables in three separate regressions (A, B, C) and multivariate 
logistic regression (D) 
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known as random coefficients model, variants 
component model, and hierarchical linear model 
(14, 15). For example, it has been supposed that 
there are binary variables (ݕଵ, ,ଶݕ (ଶݕ  with a 
predictor variable (ݔଵ). For the fitness of the three 
variables logistic regression model, the following 
Equation can be used: ቐ݈ݐ݅݃݋(ݕ௜ଵ) = ଴ଵߚ	 (௜ଶݕ)ݐ݅݃݋ଵ௜݈ݔଵߚ	+ = ଴ଶߚ	 (௜ଷݕ)ݐ݅݃݋ଵ௜݈ݔଶߚ	+ = ଴ଷߚ	  ଵ௜ (1)ݔଷߚ	+

Data structure in this form, which has known 
as ܹ݅݀݁ structure, is shown in Table 1. 

It has been also supposed that if the correlation 
matrix ܻ = ሾݕଵ, ,ଶݕ ߩଷሿ is summarized as follow: ൥1ݕ ߩ 1ߩ ߩߩ ߩ 1൩ 

Data structure can be converted to that in 
Table (2), which is known as ݃݊݋ܮ  structure. 
Considering the long structure, Equation fitness 
form of Equation (1) can be converted to that in 
Equation (2):  ݈ݐ݅݃݋൫ݕ௜௝൯ = ଴ଵߚ	 + +ଵ௜ݔଵߚ ଴ଶߚ) +ଶܫ(ଵ௜ݔଶߚ	+ ଴ଷߚ) +ଷܫ(ଵ௜ݔଷߚ	+  ݑ

(2) 

where ܫଶ = ቄ1					݆ = .݋						20 ݓ and ܫଷ = ቄ1				݆ = .݋					30 ݓ
also assume that with a conception of ݑ	0)ܰ~	, ߩ :can be calculated with following formula ߩ ௨ଶ). With this assumption the value ofߪ = 	 ௨ଶߪ௨ଶߪ ଶ3ߨ	+  

Methods  
This is a cross-sectional study which was 

carried out from April 2015 to May 2016 in 
Mobarakeh Steel Company, Isfahan. Study 

population contained 300 male employers in 
Mobarakeh Steel Company, Isfahan. The 
inclusion criteria were as follow:  
 Being official employment or Contract
 At least one year of services in the factory
 Lack of absence within the last 6 months
 At least 20 h activity each week
 History of limb fractures during the last

year 
 Severe damage
 History of physiotherapy and surgery

during the last 6 months. 
Individuals who had fever, chronic infection, 

acute inflammatory reactions, and limb fractures 
during the study, as well as unwilling participants 
were excluded from the study. In this study, three 
questionnaire tools, examination and figures were 
used for data collection. Nordic questionnaire was 
applied to evaluate musculoskeletal disorders in 
different organs of employers. The validity and 
reliability of this questionnaire, which has been 
confirmed in different studies, were performed by 
the researcher (16–18). The physical status of 
employers including Gait status, Posture in 
standing and working modes, and muscular-

Table 2. Long structure ࢞૚ࡵ ࢅ ࢞ࢋࢊ࢔࢏૛ ࡵ૜࢞૚ ∗ ૚࢞૛ࡵ ∗ ૜ࡵ
2 1 1 0 0 0 0 
2 2 0 1 0 2 0 
2 3 1 0 1 0 2 
6 1 0 0 0 0 0 
6 2 1 1 0 6 0 
6 3 1 0 1 0 6 
3 1 1 0 0 0 0 
3 2 1 1 0 3 0 
3 3 0 0 1 0 3 
4 1 0 0 0 0 0 
4 2 0 1 0 4 0 
4 3 1 0 1 0 4 
8 1 1 0 0 0 0 
8 2 0 1 0 8 0 
8 3 0 0 1 0 8 
7 1 1 0 0 0 0 
7 2 1 1 0 7 0 
7 3 1 0 1 0 7 
9 1 1 0 0 0 0 
9 2 0 1 0 9 0 
9 3 0 0 1 0 9 
7 1 0 0 0 0 0 
7 2 1 1 0 7 0 
7 3 1 0 1 0 7 
5 1 1 0 0 0 0 
5 2 0 1 0 5 0 
5 3 0 0 1 0 5 
9 1 0 0 0 0 0 
9 2 1 1 0 9 0 
9 3 1 0 1 0 9 

Table 1. Wide structure ࢞૚ ࢟૚ ࢟૛ ࢟૜ 
2 1 0 1 
6 1 1 0 
3 0 1 1 
4 1 0 0 
8 0 0 1 
7 1 1 1 
9 0 0 1 
7 1 1 0 
5 0 0 1 
9 1 1 0 
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skeletal system evaluation through observation, 
touch, range of joints movements, and also 
assessment of strength and flexibility of muscles. 
The abdominal muscle and vertebrae strength 
were evaluated using Kendall method, while the 
strength of other muscles was evaluated by 
standard muscle measurement technique (MMT). 
Laboratory and paraclinical examinations were 
also provided in case there were pathological 
findings during clinical assessment of each 
person. QEC method was applied to evaluate the 
level of muscular-skeletal disorders (19, 20). Data 
were analyzed through IBM’s SPSS (Version 24) 
and ܰ݅ݓܮܯ Software. 

Results 
In this study, 300 workers from Mobarakeh 

Steel Company, Isfahan with a mean age of 
41.40±8.17 years and a work experience of 
16.0±7.66 years were included. In this research, a 
variable of chronic problem in each week was 
used as an independent variable for prediction of 
the presence of problem chance in one year. 
Therefore, the presence of chronic problem over 
the last year in elbow, wrist, and knee was a 
functional problem within the last one week. In 
the both single and multivariable models, effect 
of knee failure in last week on knee failure in last 
year was rejected. However, a chance of 15.4 and 
73.9 times were found to be significant for elbow 
and wrist problems in single variable (Table 3). 
These results for multivariable showed a chance 
of 28 for the wrist problem. Furthermore, in 
multivariate condition, effect of elbow problem in 
last week on the last year was rejected.  

Discussion and Conclusion  
Since results obtained from single variable and 

multivariable regression were different, it can be 
suggested that multivariable regression cause a 
better and more accurate deduction compared to 
single variable method. 
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