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Introduction 
 
Increasing in total health expenditures has many 
factors such as income levels, technological pro-

gress, and population aging. Economists and pol-
icymakers emphasize the inefficiency of demand 

Abstract 
Background: We aimed to investigate the existence of unnecessary demand for angiography and the factors 
affecting it to provide evidence for decision makers. 
Methods: This longitudinal panel study was conducted in public hospitals in Tehran, Iran by using 2458 pa-
tients' records that were undergoing angiography for suspected coronary artery disease 2013-2015. To model-
ing the physicians' behavior based on physician-induced demand (PID), the patients were classified as appro-
priate, uncertain, and inappropriate and then Hierarchical Linear Modeling (HLM) model besides the physician 
ethic index was developed and finally the existence of PID showed based on three scenarios. 
Results: Angiographies were performed inappropriately in 23.8% of 2458 patients as well 46.7% were uncer-
tain, and 29.5% were appropriate. According to the HLM model, the physician-to-population ratio (δ0= -
0.161) and the interaction variable coefficient are higher than zero and significant (δ1 = 253). The results of 
the physician ethic index showed that most physicians were at a moderate rate, meaning that their utility was a 
combination of both pecuniary and non-pecuniary profits (0 < │εpδ  │<1). Considering the HLM model and 
the medical ethics index together has almost shown the condition of PID (the necessary condition δ1> 0 and 
the sufficient condition (1 ≤│εpδ│)) existed for about 26% of all studied physicians who had pure profit max-
imizer. 
Conclusion: To reduce induced demand and improve medical ethics adherence in cardiologist, policy makers 
should develop native guidelines, rules, and instructions besides policies related to education, and increasing 
patients' awareness.  
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side and supply side of the health market (1). 
This study emphasis on the supply side ineffi-
ciency as supplier induced demand (SID). 
In health care setting, SID refers to the notion 
that a physician uses his or her informational 
power to create induced demand to increase the 
utilization of health care, which are unnecessary 
from the point of view of an informed patient (2, 
3). The physicians who act as the agent for a pa-
tient can directly control the use of inputs in 
health care sector, so their decisions will influ-
ence the quantity, quality, and cost of the health 
care system (4). Provision of unnecessary services 
puts a significant financial burden on patients and 
the health system and can drive vulnerable peo-
ple, especially the poor in poverty. On the other 
hand, due to unnecessary services, the patient's 
health may deteriorate (4, 5). 
Physician-induced demand can occur in all types 
of health care services; one of them can be cardi-
ovascular disease (CVD). As “CVD was the first 
leading cause of mortality and a million disability 
adjusted life years(DALYs) led to 46% of all 
deaths and 20%-23% of the burden of disease in 
Iran” (6); early diagnosis and treatment of 
patients can be so important to prevent of deaths 
and disabilities. Since the coronary angiography is 
the most accurate method to show the severity of 
disease and considered as the gold standard to 
examine the degree of lumen obstruction (7), it 
was used in almost all cases although a consider-
able number of them may be inappropriate (8). 
Coronary angiography is an invasive test and im-
poses a high cost on the health system, it should 
be done on appropriate patients who may have a 
high likelihood of significant coronary artery dis-
ease (CAD) in clinical findings and non-invasive 
tests like stress tests and echo. Physicians are 
more likely to refer patients to angiography based 
on financial incentives; as the payment system to 
physicians in Iran is based on salary and per case 
and almost 95% of the population are insured (9), 
the motivation for inducing demand can be 
increased.  
Therefore, we aimed to investigate the probability 
of existence and the factors affecting the high 

rate of unnecessary induced demand for angi-
ography. 
 
Materials and Methods 
 
This longitudinal panel study was conducted in 
public hospitals in Tehran, Iran by using 2458 
patients' records that were undergoing angi-
ography for suspected coronary artery disease 
2013-2015. At first step a checklist according to 
the cardiologists comments (whom were not the 
same cardiologists participating in the study) was 
developed to collect data of patients undergoing 
coronary artery catheterization and their physi-
cian and then the data for 2458 patients were ex-
tracted and classified the patients by using ap-
propriate use criteria, that it’s results were pub-
lished in our previous article (10). It showed that 
approximately 99% of patients in the inappropri-
ate division had never undergone prior stress 
testing either without symptoms with a 
low/moderate risk score or low likelihood of 
CAD in clinical assessment. Overall, angio-
graphies were performed inappropriately in 
23.8% of 2458 patients as well 46.7% were uncer-
tain and 29.5% were appropriate (10). 
 
Econometric model of SID 
After classifying the patients, we modeled physi-
cians' behavior. Necessary but not sufficient con-
dition to prove the existence of induced demand 
is established through the positive correlation 
between per capita utilization of health services 
and the number of physicians, payment method, 
or patient insurance coverage. We needed to 
show the increased supplier-demand that made 
more profit for their as a sufficient condition. An 
improved model of the Greaten and Sorensen by 
employing the Hierarchical Linear Model (HLM) 
was used as the necessary condition (11). The 
Jagher and Jaggers Physician's Ethics Index 
(2000) was used to meet the sufficient condition 
(12, 13). 
For running HLM, according to Label, we con-
sidered inappropriate and uncertain cases as un-
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necessary items in a group and defined appropri-
ate ones in the necessary group (14). 
 
First level (patients) 
Appropriatenessij = β0j + β1sexij +  β2ageij + 
β3educationij + β4addressij + β5risk scoreij + 
β6insuranceij + β7jdensityj + εij (1) 
Here, appropriateness is the classification of an-
giography (appropriate, uncertain, and inappro-
priate) of patient i and physician j. The risk score 
is a global risk of a patient (computed using age, 
sex, cholesterol, blood pressure, and smoking 
status). The density is the virtual variable of the 
number of patients per doctor (one doctor per 
200 patients per year) in each hospital. 
Subtitles i and j are also defined as follows: 
i = 1, …, nj) nj Number of patients of physician j 
j = 1, …, m  ) Number of reviewed physicians 
Second level(physicians): 
 β0j = r0 + r1hospitalj + r2agej + r3sexj + 
r4educationj + r5expriancej (2) 
 β7j = δ0 + δ1contractj (3) 
Therefore, the reduced form equation is as fol-
lows: 
appropriatenessij = r0 + β1sexij +  β2ageij + 
β3educationij + β4addressij + β5risk scoreij + 
β6insuranceij + r1hospitalj + r2agej + r3sexj + 
r4educationj + r5expriancej + δ0densityij + 
δ1(contractj * densityij) + εij (4) 
The effect of physician density consists of two 
dimensions. One is the effect of increasing access 
to a physician, and the other is the pressure of 
physicians to raise patients' demand, which stems 
from an increase in their competitive pressure 
(induced demand effect). 
If β6> 0, the physician provides more services for 
patients with health insurance coverage; 
If δ0 <0, there is an access effect for consumers 
in areas with higher densities; 
If δ0 ≥ 0, the access effect for consumers in high-
er-density areas does not exist. 
Statistically significant δ1 coefficient means that 
non-salaried physicians provide more additional 
services for their patients than salaried physician 
(salaried by Ministry of Health and Medical Edu-
cation) in denser areas (more competitors). A ze-

ro value of δ1 indicates that salaried physicians do 
not change the number of services. If δ1 <0, non-
salaried physicians provide fewer services to their 
patients in areas with a high density of physicians. 
Jagher and Jaggers created an Index for Ethics in 
medicine using first-order conditions and the im-
plicit function theory as follows:  
 │εpδ│= 

Ø"#!
Ø"#!$%

 

Where γ = WU + WP PU / WY PU is the shadow 
benefit as the altruistic marginal benefit of treat-
ment of the last patient, Ø is the price of each 
unit of service set by the doctor and the function 
of the physician's cost per service. 
If │εpδ│ ≥   1, physician is a pure profit maximiz-
er and is looking for a pecuniary benefit; 
If 0 < │εpδ│ <1, physician’s utility is a combina-
tion of the utility of both pecuniary and non-
pecuniary profits; 
 If │εpδ│= 0, the physician is purely altruistic and 
prefers the utility of patients to his or her utility. 
The most important part of this study is the 
combination of physician ethics index coefficient, 
β6, patient insurance coverage coefficient, and δ1 
coefficient of interaction term of physicians’ den-
sity and physicians' contract, which is as follows: 
The effect of physician induced demand  
If │εpδ│≥ 1 and δ1> 0 or β6> 0, physicians act 
like for-profit firms and seek to maximize their 
pecuniary profits, and salaried physicians provide 
additional services in areas with higher densities, 
or patient insurance coverage has increased the 
use of services. Establishing these conditions 
means that there is a possibility of induced de-
mand by physicians. 
Practice style difference 
If 0 =│εpδ│ and δ1> 0 or β6> 0, non-salaried 
physicians provide more services to their pa-
tients, or patient insurance coverage increases the 
use of services. It is not due to the effect of in-
duced demand, but that is because of a difference 
in the practice style of non-salaried physicians, 
meaning that physicians, in this case, are not 
seeking higher incomes. 
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Results 
 
As we can see Fig. 1 shows the frequency distri-
bution of patients with suspected coronary artery 
disease that undergone coronary angiography 
based on three categories: appropriate, uncertain, 
or inappropriate in hospitals. Hospital "C" had 

the highest frequency of inappropriate rate ac-
cording to the number of patients, and hospital 
"A" had the lowest rate. According to the guide-
lines recommendations, hospital B (a Cardiology 
& Heart Surgery center) had the highest appro-
priate CAD. 

 

 
 

Fig. 1: Interhospital variation in diagnostic catheterization rates for patients with suspected coronary artery disease 
 
Table 1 shows the estimates of supply and de-
mand-side determinants using the Hierarchical 
linear modeling (HLM) approach. Age and global 
risk score variables were the most crucial varia-
bles that significantly affect the demand side. The 
condition that affected the proportion of inap-
propriate angiographies at the patient level was 
younger patient age, meaning that the younger 
the patients, the less likely they were to have in-
appropriate angiography. The negative age-
related coefficient (-0.039, -0.084) shows the in-
verse correlation between age and angiographic 
appropriateness variable. Another component 
was the patient's global risk score (0.126). Re-
garding the factors related to the supply-side, the 
most important factors influencing unnecessary 
angiographies were the physician's age with posi-
tive effect (0.070), the physician type of employ-
ment with negative effect (-0.112), and the physi-
cian-to-population ratio (-0.161). Considering the 
significance of the coefficients, the younger the 
physicians, the greater the likelihood of perform-
ing inappropriate angiographies. Salaried physi-
cians have carried out less inappropriately angio-
graphies than non-salaried ones.  

On the other hand, by increasing the patient-to-
physician ratio, the likelihood of inappropriate 
angiographies decreases. Other variables such as 
medical history, physician gender, and education 
had not significantly affected the dependent vari-
able. 
Three key coefficients are patient's health insur-
ance, patient to physician ratio, and patient-to-
physician ratio multiplied by the type of physician 
employment. Since the patient's health insurance 
coefficient is not significant. 
The patient to physician ratio indicates the re-
sponses of patients and physicians to the in-
creased access. The interaction coefficient of the 
patient-to-physician ratio multiplied by the type 
of physician employment determines the re-
sponse of non-salaried physicians to the in-
creased density (increased competition). The sig-
nificant negative physician to population ratio 
(δ0= -0.161) means that as the density increases, 
the number of inappropriate angiography cases 
decreases. Because the density of physicians has 
increased, there has been an increase in easy ac-
cess for patients. 
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Table 1: Estimation of the physician (supplier) induced demand model in the HLM approach 

 
Variable Parameter Standard 

Error 
CI t P-Value 

Intercept 0.054 0.462 (-0.852, 0.960) 0.118 0.001 * 
Age(yr) <55 -0.039 0.034 (-0.108, -0.028) -1.140 0.054 * 

55-64 -0.084 0.033 (-0.149, -0.019) -2.537 0.011 * 
65-74 -0.026 0.035 (-0.095, 0.042) -0.761 0.447 
>75 a0 - - -  

Sex Female 0.647 0.452 (-0.239, 1.534) 1.432 0.152 
 Male -     

Education <11 yr -0.005 0.023 (-0.051, 0.041) -0.212 0.832 
11 yr -0.003 0.103 (-0.087,0.123) 0.186 0.724 

>11 yr a0 - - - - 
Area of residence developed -0.040 0.034 (-0.107, 0.026) -1.181 0.238 

Relatively 
developed 

0.000 0.043 (-0.086,0.085) -0.018 0.986 

developing -0.014 0.029 (-0.073,0.043) -0.494 0.622 
undeveloped -0.020 0.029 (-0.078,0.037) -0.703 0.489 

others a0 - - - - 
Total risk score high 0.126 0.030 (0.066, 0.187) 4.115 0.000 * 

medium 0.036 0.029 (-0.021,0.095) 1.234 0.217 
low a0 - - - - 

Insurance coverage Yes -0.049 0.041 (-0.130, 0.030) -1.209 0.227 
No a0 - - - - 

Type of hospital specialized 0.059 0.035 (-0.009, 0.128) 1.690 0.091 
general a0 - - - - 

Age of physician ≤40 0.039 0.073 (-0.104, 0.182) 0.786 0.375 
41-50 0.070 0.059 (-0.054,0.186) 6.086 0.014* 
51-60 0.029 0.040 (-0.050,0.110) 0.730 0.466 
≥61 a0 - - - - 

Sex of physician male -0.042 0.040 (-0.121, 0.036) -1.047 0.295 
female a0 - - - - 

Education of 
physician 

specialty -0.033 0.031 (-0.095, 0.028) -1.054 0.292 
subspecialty a0 - - - - 

Experience 10 yr ≥ 0.008 0.052 (-0.095, 0.111) 0.152 0.879 
10 yr ≤ a0 - - - - 

Contract employed -0.112 0.162 (-0.136, 0.135) -1.996 0.055 ** 
unemployed a0 - - - - 

Density -0.161 0.138 (-0.174, 0.087) -1.967 0.054 * 
Contract× Density 0.253 0.134 (0.073, 0.361) 0.550 0.042** 

Goodness-of-fit Akaike Information Criteria : 692.029 0.000 
Schwarz’s Bayesian Criteria: 604.320 0.000 

a0 means that lowest group is considered as base.  
* 0.05 is considered significant 
** 0.10 is considered significant 

 
The value of the interaction variable coefficient is 
greater than zero and significant (δ1 = 253), so 
non-salaried physicians compared to salaried 
ones have done angiographies that are more in-

appropriate. The goodness of fit of this estimate 
indicates a proper specification of the model.  
The average response rate for each physician, 
which determines the probability of performing 
inappropriate angiographies for each physician, is 
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shown in Table 2. More than 30% of the angio-
graphies were carried out as inappropriate for 

most physicians. In general, nearly 40% of all an-
giographies were reported as inappropriate. 

 
Table 2: Probability of inappropriate CAD for each physician 

 
Physician code Probability of 

inappropriate 
CAD (%) 

Standard deviation Physician code Probability of 
inappropriate 

CAD (%) 

Standard deviation 

1 27.5 0.07 15 28.7 0.06 
2 26.8 0.06 16 27.3 0.05 
3 33.8 0.06 17 33.1 0.07 
4 29.1 0.06 18 33.7 0.05 
5 33 0.06 19 32.3 0.07 
6 27.2 0.06 20 33.3 0.06 
7 29.1 0.04 21 37.3 0.04 
8 30 0.06 22 31.8 0.06 
9 30 0.05 23 33.5 0.05 
10 35.2 0.06 24 26.4 0.05 
11 28.6 0.05 25 35.4 0.05 
12 27.5 0.06 26 28.7 0.06 
13 33.9 0.08 27 30.3 0.05 
14 30.2 0.12 Total 39.3 0.25 
 
The physician ethics index varied among differ-
ent physicians in proportion to the number of 
their patients. According to the classification, 

most physicians were at a moderate rate, meaning 
that their utility was a combination of both pecu-
niary and non-pecuniary profits (Table 3). 

 
Table 3: Physicians Ethics Index for Cardiologists 

 
Physi-
cian 
code 

Physi-
cian 
ethic 
index 

Appropriateness of Angiography Physi-
cian 
code 

Physi-
cian 
ethic 
index 

Appropriateness of Angiography 
Appro-
priate 

Uncer-
tain 

Inappro-
priate 

Appro-
priate 

Uncer-
tain 

Inappro-
priate 

1 0 54 97 42 15 -0.04 27 39 16 
2 0 103 190 93 16 -0.01 27 36 27 
3 -0.01 22 30 17 17 -0.01 18 13 14 
4 0 35 65 29 18 1.66 13 23 9 
5 -0.02 22 36 20 19 3.55 21 40 10 
6 -0.02 8 13 11 20 -0.03 14 23 13 
7 -0.05 17 42 15 21 1.06 23 44 8 
8 -0.06 15 39 23 22 -1.01 26 48 25 
9 -0.03 11 4 4 23 -1.01 42 57 37 
10 -0.04 15 21 11 24 0 23 35 14 
11 0 47 91 39 25 3.14 16 19 16 
12 0 27 41 26 26 0.29 4 6 1 
13 -0.06 36 55 14 27 1.07 25 38 17 
14 0 30 38 34      
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As the condition for the probability of existence 
physician induced demand which mentioned in 
methodology (the necessary condition δ1> 0 and 
the sufficient condition (1 ≤│εpδ│), the results 
showed that physicians who had codes 18, 19, 21, 
22, 23, 25, and 27 are the profit inclination physi-
cians (about 26% of all studied physicians). 

On the other hand, if = │εpδ│ = 0 and β6> 0 or 
δ1> 0, non-salaried physicians provide more ser-
vices to their patients, due to the differences in 
practice style. This was true for 22.3% of physi-
cians (codes 1, 2, 4, 11, 12, 14 and 24) (Table 4). 

 
Table 4: Classification of physicians based on physician ethics index 

 
Physician Ethic Index Physician code Percentage 
Profit maximizing physician(|εpδ| ≥ 1) 18, 19, 21, 22, 23, 25, 27 25.9 
Moderate physician(0 < | εpδ|<1) 3, 5, 6, 7, 8, 9, 10, 13, 15, 16, 17, 20, 22, 26 51.8 
Altruistic physician(|εpδ| = 0) 1, 2, 4, 11, 12, 14, 24 22.3 

 
Discussion 
 
According to the model, the most crucial de-
mand-side variables were patients' age and total 
risk score. That is, the younger the patients, the 
less likely they were to have inappropriate angi-
ography. The finding could be explained in two 
ways: the first explanation is that younger people 
have more medical information than elderly indi-
viduals do, so physicians are less likely to encour-
age them to undergo such invasive operations. 
The second explanation is that because the risk 
of heart disease is lower in young people, inap-
propriate use of coronary angiography is relative-
ly low.  
Numerous studies on physician-induced demand 
have examined the patient's age factor and have 
empirically demonstrated a positive relationship 
between aging and provision of unnecessary ser-
vices. By increasing the age of patients, physi-
cians increased the number of home visit and 20 
min or more counseling services (15, 16). As 
women get older, the rate of unnecessary cesare-
an section has grown (17, 18). 
The coefficient of total risk score showed that 
patients with high scores were more likely to un-
dergo inappropriate angiography. This factor 
could have led to the request for angiography, 
which could have been inappropriate and only 
for-profit inclination or as a matter of necessity. 
Increase in cesarean delivery rate was attributable 

to non-clinical factors, and women's health status 
has played a small role (19). 
The most important supplier side variables were 
age, type of physician’s recruitment, and patient 
to physician ratio. The younger the physicians’, 
the more likely they were to have inappropriate 
angiographies. Since young physicians have just 
entered the market, they are more likely to re-
spond to monetary incentives by performing 
more angiography procedures; it may also be due 
to their low experience. The results of other stud-
ies about physicians’ age were different; the older 
the physicians, the income had less impact  (20). 
However, for primary care physicians, more visits 
were significantly associated with an increase in 
physician age (21). The lowest share of the un-
necessary requests for MRI was related to physi-
cians with over 20 years of experiences (22). 
Regarding the type of physicians’ employment, 
salaried physicians have performed less inappro-
priate angiographies than non-salaried ones. 
These physicians may be reluctant to perform 
inappropriate procedures due to feeling more 
confident at a position and fixed salary. The ratio 
of salaried physicians in the hospital had a signifi-
cantly positive effect on induced demand (23). 
On the other hand, by increasing the physician-
to-patient ratio in each hospital, the probability 
of inappropriate tests decreased. In this case, an 
increase in the number of physicians has led to 
better access to patients. The role of physician 
density in different specialties was examined and 
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found that obstetricians and psychiatrists had in-
creased the number of their services in response 
to the increase in density (24). 
Based on the mentioned scenarios, beside the 
23.8%, which considered as an inappropriate, 
percentage of uncertain angiographies could also 
be categorized as inappropriate. Overall, about 
40% of angiographies were inappropriate, and 
according to the sufficient condition based on 
the physician ethics index, most of the physicians 
behaved moderately, their utility depends on al-
truistic and pecuniary profits, while others were 
profit maximizers. By combining the results of the 
physician ethics index and estimation of the in-
duced demand model, we interpreted the physi-
cians' behavior based on two different groups. 
A group of physicians who were altruistic accord-
ing to the medical ethics index was excluded. Of 
the 27 physicians included in the study, 7 acted 
like for-profit enterprises and sought to maximize 
their pecuniary profits (1- ≤│εpδ│and δ1> 0). 
Non-salaried physicians in areas with a higher 
density also provided additional services, which 
could show the existence of physician-induced 
demand. 
Although the combination of the ethics index 
and induced demand model was used in limited 
studies (24, 25), this method consider necessary 
and sufficient conditions in formulation, so it has 
enough strength to calculating physicians induced 
demand which can be used in different clinical 
fields.  
 
Conclusion 
 
To reduce unnecessary angiographies, using non-
invasive tests before surgery, developing native 
guidelines, rules, and instructions that oblige phy-
sicians to observe the principles set out in the 
guidelines seems necessary. On the other hand, 
the policy-makers should pay more attention to 
increased monitoring of performance and setting 
revenue caps. To improve the adherence of phy-
sicians to medical ethics, more training is re-
quired to make a convincing commitment to the 
medical education system. Besides, policies relat-

ed to education and increasing patients' aware-
ness can play an efficient role in reducing induced 
demand. 
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