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Abstract
Introduction: Induced demand is an important challenge in national healthcare systems, and 
can waste their resources. The likelihood of induced demand and the intensity of its effects 
are the results of an interaction between a wide range of factors. Therefore, this study was 
designed for structural modeling of the factors affecting induced demand.
Methods: This applied study was carried out using a descriptive-analytic design. First, the 
factors affecting induced demand were identified by a thorough literature review. Then, using 
interpretive structural modeling (ISM), the relationship between the factors was determined 
and categorized, and the final model developed. In addition, using MICMAC analysis, the 
types of variables have been identified with respect to their driving and dependency power.
Results: Lack of clinical guidelines, increased number of providers, weakness of education 
system, weakness of Health Supervisory System, poor supervision of insurance companies, 
improper payment system, providers’ insufficient knowledge, skills and clinical uncertainty, 
defensive medicine, patient preferences, information asymmetry, the collusion of service 
providers, and their incentives to earn more income were identified as the most important 
factors affecting management and control of induced demand.
Conclusion: Induced demand reduction requires finding the relationships between the key 
factors to provide a clear framework for determining the best controlling policies, thereby 
preventing the loss of healthcare resources. This study provided a new insight into the factors 
affecting induced demand leading to prioritization of decision-making and policymaking 
measures.
Keywords: Interpretive Structural Modeling, Induced Demand, MICMAC Analysis, 
Healthcare System
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Introduction

Healthcare system is among the most 
important service sectors and the main 
axis of social welfare and development (1). 

Financing and preventing increased costs are among 
the main challenges of healthcare systems around 
the world (2). Therefore, the factors determining 
health expenditures have received much attention 
by economists, planners and policymakers in the 
healthcare sector (3). Physician-induced demand is a 
factor affecting health expenditures (4).

Induced demand is defined as care or sale of 
unnecessary services to patients that is implemented 
by applying the power and order of specialists (5, 
6). With unlimited demands and limited resources, 

induced demand increases public share of treatment 
costs, undermines efficient resource allocation, 
reduces the cost-effectiveness of resources allocated 
to the healthcare sector, and causes imbalance of 
supply and demand for healthcare services, increases 
the health sector costs, and sometimes leads to the 
prevalence of medical complications in healthcare 
clients (7).

Shain and Roemer (8), and Roemer (9) conducted 
the first studies on induced demand by healthcare 
providers. They found a positive correlation between 
bed supply in hospitals and number of hospitalization 
days. Following studies by Roemer, theoretical 
analysis of induced demand in the health service 
market by Panahi et al., Sekimoto and Masako, 

Please cite this paper as:
Rostami V, Shojaei P, Bahmaei J. 
Interpretive Structural Modeling 
of the Factors Affecting Induced 
Demand for Health Services. J 
Health Man & Info. 2020; 7(2): 
107-116.



108 J Health Man & Info, April 2020, 7(2) 

Rostami V et al.

Yuda, Nassiri and Rochaix confirmed Roemer’s 
law (10-13). Fuchs also interviewed 46 prominent 
people in the US health economics (24 economic 
theorists and 22 physicians). About two thirds of 
health economists and physicians and three fourths 
of economic theorists believed in induced demand, 
arguing that physicians have the power to influence 
their patients to use services, and the majority of 
the respondents believed that physicians induced 
demands (14). In a study on complementary health 
insurance and induced demand in chemical warfare 
victims, Mahbubi et al. concluded that earning profits 
from insurance services induced unreal demands 
to patients (15). Crivelli et al. also confirmed the 
supplier-induced demand using regional data from 
26 districts in Switzerland (16). Similarly, Varhami 
showed that a 1% increase in the number of physicians 
led to 12% and 1% increase in demand for hospital 
and outpatient services, respectively (17). 

In summary, induced demand may impose 
many challenges on the healthcare system and more 
importantly on patients by affecting access to essential 
and required services, while the likelihood of an 
induced demand and significance of its effects are the 
result of interaction between a wide range of factors 
(7). Accordingly, the present study was designed 
for structural modeling of factors affecting induced 
demand to provide a clear framework for determining 
the best policies to control and manage induced demand 
and ultimately prevent the loss of healthcare resources.

Methods
This study was conducted in two phases in 2018. In 
the first phase, literature was thoroughly reviewed 
to identify factors affecting health provider-induced 
demand. Interpretive structural modeling was 
utilized in the second phase to investigate the 
relationships between the factors and determine the 
most effective variables. 

To identify the factors affecting induced demand, 
a scoping review was carried out on related articles, 
and extracted literature was then evaluated by content 
validity ratio (CVR). Content validity was used to 

identify and select the most important criteria for 
the process of the factors affecting induced demand 
for health services. For this purpose, a questionnaire 
including 34 extracted criteria was designed and the 
experts were asked to determine the importance of 
each of the criteria using a 3-point scale (“Necessary”, 
“Effective but not necessary”, and “Not effective”). 
Then, the CVR value was calculated according to the 
following formula:

where nE is the number of experts who selected 
“Necessary” choices, and N was the total number 
of the experts involved. Because the number of the 
specialists was 9, the criteria with a CVR greater than 
0.7 were accepted (18). Finally, 13 factors affecting 
induced demand were identified (Table 3).

Table 1 shows the search strategy used in this 
study. A total of 5428 articles were extracted after 
searching the intended databases. After excluding 
similar items, the titles of the articles were screened 
and 732 articles were selected for abstract review. 
Thereafter, a total of 182 papers were selected for full-
text examination. In the last step, a total of 74 articles 
were included for final analysis. All evaluations were 
performed by two reviewers and disagreements were 
examined by a third party (Figure 1).

In the second phase of the study, nine experts in 
health economics, health policy and health service 
management at Shiraz University of Medical Sciences 
were selected using purposeful non-random sampling 
to model factors affecting induced demand. The 
interpretive structural modeling (ISM) was used for 
investigating the relationships between the variables 
and determining their effectiveness through the 
following steps.

Determining of elements relevant to the problem. 
Starting point of ISM is the identification of elements 
relevant to the problem. In this research by using 
thorough review of literature, we can identify main 
factors of Influencing Induced Demand for Health 
Services.

Table 1: The search strategy in the database
PubMed, Scopus, Web of Science, Embase, Wiley, Cochrane, Sciencedirect, Google ScholarDatabase
Only studies with at least English abstracts were included in the study.
• All studies were included in the research question until the end of December 2018
• Search was by title, abstract and keyword articles

Limitation 

#1 AND #2Search strategy
“Induced Demand” OR “Supplier Induced Demand” OR “Provider Induced Demand” OR “Irrational 
Prescription” OR “Irrational Medical Imaging” OR “Irrational Order” OR “Irrational Request”

#1

Causes OR Determinant Or Factors OR “Determinant Factors” #2
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Creating a structural self-interactive matrix 
(SSIM) and completing it by all experts to determine 
the relationships between variables and creating an 
integrated structural self-interactive matrix based on 
mode in frequency of expert views.

Creating initial and final reachability matrix using 
data from integrated self-interactive matrix to define 
the relationships between the variables.

Determining the reachability set of each variable 
using the final reachability matrix for categorizing 
and modeling the variables.

Drawing a conceptual model derived from the 
final reachability matrix.

Drawing the driving power and dependence 
power diagram of variables (MICMAC).

 In this phase, structural self-interactive matrix 
was first developed and completed by experts based 
on the factors affecting induced demand. Variables 
in this matrix were listed in rows and columns, 
respectively. The mutual relationships between the 
variables were then determined by symbols shown 
in Table 2. The integrated structural self-interactive 
matrix was drawn in the second step using data 
obtained from experts and mode of frequency of 

expert views. Then, the initial reachability matrix 
was obtained by converting the structural self-
interactive matrix into a double value 0/1 matrix. To 
this end, if (i,j) is represented by V in the structural 
self-interactive matrix, (i,j) and (j,i) in the initial 
reachability matrix will be 1 and 0, respectively. If 
(i,j) is represented A in the structural self-interactive 
matrix, (i,j) and (j,i) in the initial reachability matrix 
will be 0 and 1, respectively. If (j,i) is denoted by x 
in the structural self-interactive matrix, (i,j) and 
(j,i) in the initial reachability matrix will be 1 and 
1, respectively. Moreover, if (i,j) is represented by 
O in the structural self-interactive matrix, (i,j) 
and (j,i) will be 0 in the initial reachability matrix. 
The final reachability matrix was obtained after 
obtaining the initial reachability matrix by entering 
the transferability in the relationship between the 
variables. The reachability matrix was obtained using 
Euler’s theorem in which the adjacency matrix was 
added to the single matrix. Then, this matrix was 
raised to the power of in the case of invariant entries. 
The reachability sets were then obtained for each 
variable using the final reachability matrix. After 
determining the reachability set for each variable, 
common elements were identified and these factors 
were then classified into different levels. According to 
the level of variables and the final reachability matrix, 
the initial model was drawn in the next step and the 
final model was obtained by removing transferability 
in the initial model. The driving power and 
dependence power diagram (MICMAC) was plotted 
in the last step. To draw MICMAC, the dependence 
of variables was obtained using the final reachability 
matrix through the input sum of 1 in each row of 
driving power and the input sum of 1 in each column. 
Accordingly, the variables were categorized into four 
classes based on the driving power and dependence 
power: (1) Autonomous variables with weak driving 
power and dependence power, (2) dependent variables 
with weak driving and dependence power, (3) linkage 
variables with high driving and dependence power 
and any change in them can affect the system, and 
(4) independent variables with high driving power 
and low dependence power. Therefore, the key factors 

Figure 1: PRISMA flow diagram for systematic review

Table 2: The contextual relationship for each variable
Context symbolSymbol

the relation from i to j but not in both directions
V

the relation from j to i but not in both directions
A

both direction relations from i to j and j to i
X

the relation between the elements does not appear to be validO
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with high driving power were identified to be used 
in developing appropriate policies for reducing the 
induced demand. 

Prior to inclusion of experts, the research 
objectives were explicitly explained to the experts 
and they participated in the study with full consent.

Results
After a thorough review of literature and evaluation 
by CVR, 13 factors affecting induced demand were 
identified and listed in Table 3. A structured self-
interactive matrix was developed using the identified 
factors and given to nine experts to obtain the required 
information. After completing the questionnaire, 
the corresponding structural self-interactive matrix 
shown in Table 4 was obtained. In the next step, the 
structural self-interactive matrix was converted into 
an initial reachability matrix (Table 5). After obtaining 
the initial reachability matrix, the final reachability 

matrix was obtained by adding transferability to 
the relationships between variables (Table 5). Using 
the final reachability matrix, the reachability set for 
each variable was obtained and reachability matrix 
was classified into different levels. As clearly seen, 
the factors affecting induced demand are classified 
into six levels (Table 6). In the next step, with respect 
to the variable levels and the final matrix, an initial 
model was drawn, and the final model was obtained 
by eliminating transferability in the initial model 
(Figure 1). The relationships between the criteria of 
various levels are apparent in the final model. Here, 
lack of clinical guidelines and increased number 
of providers are at the lowest levels. Weakness of 
education system, weakness of health supervisory 
system, poor supervision of insurance companies, 
and improper payment system were at the 5th level. 
The providers’ insufficient knowledge and skills and 
clinical uncertainty were at the 4th level and defensive 

Table 3: Identification of key factors in the induced demand
Factors 
Number

Factors Frequency (References) CVR

1 Incentives to earn more 8 (18-25) 0/83
2 providers’ insufficient knowledge and skills  7 (19, 21, 22, 24, 26-28) 1
3 Information asymmetry 19 (17, 19, 22, 24-27, 29-40) 1
4 Collusion of service providers 4 (19, 21, 24, 41) 0/94
5 Weakness of Health Supervisory System 7 (19, 22, 24, 25, 42-44) 0/79
6 Improper payment system 13 (4, 19, 22, 25, 26, 28, 30, 37, 45-49) 0/81
7 poor supervision of insurance companies 8 (19, 22, 24, 25, 27, 36, 50, 51) 1
8 Increase in the number of provider 16 (2, 4, 12, 19, 22, 24, 26, 43, 51-58) 0/78
9 Weakness of education system 7 (19, 22, 24, 25, 27, 35, 43) 1
10 Patient preferences 9 (24, 25, 27, 36, 43, 59-62) 0/75
11 Lack of clinical guidelines 12 (18, 22, 24, 25, 28, 54, 59, 63-67) 0/78
12 Defensive Medicine 9 (21, 24, 68-74) 0/83
13 Clinical uncertainty 7 (22, 24, 30, 43, 52, 60, 62) 0/76

Table 4: Structural self-interaction matrix
Factors 13 12 11 10 9 8 7 6 5 4 3 2 1
1 o o A o o o A A A X A o
2 o V A o A o A o A o o
3 o o o X o o o o o V
4 o o A o o A A A A
5 o V o V A A X V
6 o V A v V o X
7 o o A V o o
8 o o o V o
9 o V A o
10 o A A
11 o V
12 A
13
“X”: when i (row) and j (column) will influence each other; “O”: when i and j are unrelated; “A”: when i will be influenced by j; “V”: when 
i will influence j
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medicine was at the 3rd level; patient preferences and 
information asymmetry were at the 2nd level, and the 
collusion of service providers and their incentives to 
earn more income were at the 1st level. Despite the 
impact of all these indicators on induced demand, the 
factors with a higher level of interpretive structural 
modeling were strongly affected, while lower level 
factors strongly affected the induced demand.

In the last step, the driving and dependence power 
diagram of variables was drawn using the analysis of 
driving and dependence power (Figure 2). Therefore, 
the key factors with a greater impact were identified to 
be used in developing appropriate policies to reduce 
the induced demand. Lack of clinical guidelines, 
weakness of education system, inefficient monitoring 
system, weak insurance supervision, increased 
number of suppliers, and improper payment system 
are the key factors affecting induced demand with 
a great impact on the induced demand control and 
management.

Table 5: Final reachability matrix
Factors 1 2 3 4 5 6 7 8 9 10 11 12 13 Driving
1 1 0 0 1 0 0 0 0 0 0 0 0 0 2
2 1 1 1 1 0 0 0 0 0 1 0 1 0 6
3 1 0 1 1 0 0 0 0 0 1 0 0 0 4
4 1 0 0 1 0 0 0 0 0 0 0 0 0 2
5 1 1 1 1 1 1 1 0 1 1 0 1 0 10
6 1 1 1 1 1 1 1 0 1 1 0 1 0 10
7 1 1 1 1 1 1 1 0 1 1 0 1 0 10
8 1 1 1 1 1 1 1 1 1 1 0 1 0 11
9 1 1 1 1 1 1 1 0 1 1 0 1 0 10
10 1 0 1 1 0 0 0 0 0 1 0 0 0 4
11 1 1 1 1 1 1 1 0 1 1 1 1 0 11
12 1 0 1 1 0 0 0 0 0 1 0 1 0 5
13 1 0 1 1 0 0 0 0 0 1 0 1 1 6
Dependency 13 7 11 13 6 6 6 1 6 11 1 9 1 -----

Table 6: Iterations and level partitions
Factors Reachability set Antecedent Set Intersection Set Levels
1 1,4 1,2,3,4,5,6,7,8,9,10,11,12,13 1,4 I
2 2 2,5,6,7,8,9,11 2 IV
3 3,10 2,3,5,6,7,8,9,10,11,12,13 3,10 II
4 1,4 1,2,3,4,5,6,7,8,9,10,11,12,13 1,4 I
5 5,6,7,9 5,6,7,8,9,11 5,6,7,9 V
6 5,6,7,9 5,6,7,8,9,11 5,6,7,9 V
7 5,6,7,9 5,6,7,8,9,11 5,6,7,9 V
8 8 8 8 VI
9 5,6,7,9 5,6,7,8,9,11 5,6,7,9 V
10 3,10 2,3,5,6,7,8,9,10,11,12,13 3,10 II
11 11 11 11 VI
12 12 2,5,6,7,8,9,11,12,13 12 III
13 13 13 13 IV

Figure 1: MICMAC
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Discussion
Induced demand is a major challenge in the 
national healthcare system. National practices are 
compromised due to induced demand and national 
income is not allocated cost-effectively (19). Induced 
demand reduction requires finding the relationships 
between the key factors to provide a clear framework 
for determining the best controlling policies, thereby 
preventing the loss of healthcare resources. This 
study provided a new insight into the factors affecting 
induced demand for prioritization of decision-
making and policymaking measures. 

The results on interpretive structural modeling 
and MICMAC matrix indicated high driving 
and dependency power in terms of influence and 
effectiveness, lack of clinical guidelines, weakness 
of education system, weakness of health supervisory 
system, weak insurance supervision, increased 
number of suppliers, and improper payment 
system. A lower dependency power indicates the 
independence degree of these variables, so that a 
smaller power indicates a more independent variable. 
These variables in turn affect other factors influencing 
the induced demand.

Highly influential variables are referred to as key 
variables. They fall into one of the two groups of 
independent or linkage variables, given the lack of 
associated variables in this study. Therefore, lack of 
clinical guidelines, weakness of education system, 
inefficient monitoring system, weak insurance 
supervision, increased number of suppliers, and 
improper payment system are the key factors 
affecting the induced demand with a great impact 
on the induced demand control and management. 
Therefore, one should pay attention to the special 
role and place of these factors to control the induced 
demand.

The lack of clinical guidelines is another key factor 
affecting the induced demand. Clinical guidelines 
are a systematic set of the latest and most reliable 
scientific evidence describing the clinical approach 
to a patient classified according to priorities, 
effectiveness, and cost-effectiveness. It seems that 
lack of access to valid and evidence-based clinical 
guidelines to direct service providers regarding the 
limitations and boundaries of diagnostic tools for 
related diseases and preventing them from requesting 
ineffective diagnostic services for patients provides 
the grounds for offering unnecessary or expensive 
healthcare services to patients. Various studies have 
suggested clinical guidelines as an important factor 
in induced demand  (18, 22, 24, 25, 28, 54, 59, 63-67).

According to the results, increased number of 

skilled and expert staff is also a key factor affecting 
induced demand. Increased number of healthcare 
staff may lead to a supply-demand imbalance in 
the health market. They attract the patients even by 
providing unnecessary services to maintain their 
position in the healthcare market. Approving the 
above results, other studies confirmed increased 
number of skilled and expert staff of important 
factors affecting the induced demand  (4, 11, 12, 19, 
22, 24, 26, 43, 51-58).

Lack of clinical guidelines and increased number 
of skilled and expert staff as the basis of the final 
model derived in this study were at the lowest level. 
One should start from these variables and then 
extend to other ones to control the factors affecting 
the induced demand.

Weakness of educational models also affects 
induced demand. Weak educational models and 
inappropriate teaching and learning practices result 
in the lack of ability and skill in diagnosing illness 
and health problems. Consequently, physicians 
use induced demand as a tool for gaining more 
experience and information. Results of other studies 
also confirmed the weakness of educational models 
and inappropriate teaching and learning practices as 
important factors affecting induced demand (19, 22, 
24, 25, 27, 35, 43).

Weakness of health supervisory systems is another 
key factor affecting the induced demand. Monitoring 
the performance of service providers by competent 
authorities can control and reduce unnecessary 
medical services. Weakness in enforcement of 
regulatory rules is among the factors affecting the 
effectiveness of the regulatory system and can lead 
to disproportionate use of services. Other studies 
also confirmed the lack of accurate monitoring as an 
important factor affecting the induced demand  (19, 
22, 24, 25, 42-44).

Poor supervision of insurance companies in 
contribution payment is another key factor affecting 
the induced demand. Insurance companies are 
not capable of proper supervision over health-care 
providers. Usually, they do look at what the physician 
prescribes and never check the validity of their 
prescription. Supervision of insurance companies 
is limited to the quantity of liability services, and 
the quality is often neglected. Supervision by 
insurance companies is performed after providing 
healthcare services to the patients, leading to a gap 
in the permanent monitoring process. Failure to buy 
strategic healthcare services by insurance companies 
is another factor contributing to the inadequacy of 
this monitoring and control system. Other studies 
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also confirm the above results, indicating the role 
of insufficient supervision and control of insurance 
companies in contribution payment in induced 
demand (19, 22, 24, 25, 27, 36, 50, 51).

Improper payment system was identified as another 
factor affecting the induced demand. An inappropriate 
payment mechanism leads to more intention to 
induce unnecessary services. Because of the obvious 
excellence in medical knowledge about patients, 
physicians may induce demand in a variety of ways 
and use this power to increase their revenues. Various 
studies have suggested inefficient compensation 
system as an important factor affecting the induced 
demand (4, 19, 22, 25, 26, 28, 30, 37, 45-49).

According to the results, inadequate knowledge 
and skills of suppliers, defensive medicine, patient 
preferences, information asymmetry and collusion 
of the suppliers, and the desire for more revenues are 
more effective than the other factors. In other words, 
despite the role of multiple factors in creation and 
promotion of these variables, they less likely change 
and affect the induced demand control.

Clinical uncertainty was included in autonomous 
variables. They are among relatively non-related 
variables to the system with low influence, 
dependence, and relationship with other variables.

Conclusion
According to the results, lack of clinical guidelines, 
failure of the educational model, inefficient 
monitoring system, weak insurance supervision, 
increased number of suppliers, and inefficient payment 
system were identified as the most important factors 
affecting management and control of the induced 
demand. To overcome these barriers, managers and 
policymakers should focus on other factors that 
lead to the emergence of these barriers. This enables 
them to prioritize, design and implement control 
and intervention programs for the above-mentioned 
factors, thereby managing the induced demand.

Limitations
Despite all advantages of this method, ISM has its own 
limitations. Conceptual relationships between the 
variables always depend on the experts’ knowledge 
that affect the results.
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