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Abstract
Background: Cardiovascular disease (CVD) is the most 
prevalent comorbid condition among patients with diabetes. The 
objective of this study is to determine the incremental healthcare 
resource utilization and expenditures (HRUE) associated with 
CVD comorbidity in diabetic patients. 
Methods: In a cross-sectional study, patients receiving 
antidiabetic drugs were identified using the 2014 database of the 
Iran Health Insurance Organization of East Azerbaijan province 
(Iran). The frequency of HRUE was the main outcome. Outcome 
measures were compared between diabetic patients with and 
without CVD comorbidity during 2014-2016. The generalized 
regression model was used to adjust for cofounders because of a 
highly skewed distribution of data. Negative binomial regression 
and gamma distribution model were applied for the count and 
expenditure data, respectively. 
Results: A total of 34,716 diabetic patients were identified, of which 
21,659 (63%) had CVD comorbidity. The incremental healthcare 
resource utilization associated with CVD compared to non-
CVD diabetic patients for physician services, prescription drugs, 
laboratory tests, and medical imaging was 5.9±0.34 (28% increase), 
46±1.9 (46%), 12.9±0.66 (27%), and 0.16±0.40 (7%), respectively 
(all P<0.001). Similarly, extra health care costs associated with 
CVD comorbidity for physician services, prescription drugs, 
laboratory tests, and medical imaging were 10.6±0.67 million IRR 
(294.4±18.6 USD) (50% increase), 1.44±0.06 million IRR (40±1.6 
USD) (32%), 8.36±0.57 million IRR (232.2±15.8 USD) (58%), 
0.51±0.02 million IRR (14.1±0.5 USD) (24%), and 0.29±0.02 
million IRR (8±0.5 USD) (22%), respectively (all P<0.001).
Conclusion: CVD comorbidity substantially increases HRUE 
in patients with diabetes. Our findings draw the attention 
of healthcare decision-makers to proactively prevent CVD 
comorbidity in diabetic patients. 
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What’s Known

• Cardiovascular disease (CVD) is 
the most prevalent comorbidity among 
diabetic patients.
• In developing countries, data on 
diabetes with CVD comorbidity and 
the associated healthcare resource 
utilization and expenditures (HRUE) 
are scarce. 

What’s New

• Overall, 63% of patients treated 
for diabetes received concomitant 
cardiovascular medications.
• In all categories of healthcare 
services, comorbid conditions in 
patients with CVD substantially increase 
the HRUE of patients with diabetes.

Original Article

Introduction

Diabetes mellitus (DM) is the most prevalent disorder with a high 
cost of care and a major public health issue worldwide. Globally, 
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in 2013, more than 380 million adults suffered 
from DM resulting in approximately 1.3 million 
deaths.1, 2 It is projected that the number of DM 
patients will rise to more than 590 million by 
2035.1 The highest prevalence of DM is reported 
in the Middle East and North Africa.1 Iran has 
the second-highest number of DM patients in 
the Middle East. An Iranian national survey 
conducted in 2011 reported that DM had affected 
over four million Iranians,2 a two-fold increase in 
40 years.3 By 2030, it is estimated that around 
9.2 million Iranians will suffer from DM.4 In 
2009, the total health care costs for Iranian DM 
patients were about 3.64 billion U.S. dollars 
(USD), consisting of direct (1.71 billion USD) 
and indirect (1.93 billion USD) costs.4

Cardiovascular disease (CVD) has a strong 
association with DM and is very common among 
people with diabetes.5 During recent decades, 
there has been a substantial increase in the 
incidence of CVD with diabetes. A systematic 
review reported that, globally, CVD has affected 
about 32.2% of all people with type-2 diabetes, 
but the true estimate could be as high as 60%.5 
It has also been reported that CVD is the main 
cause of mortality in people with diabetes.6 
Some studies have shown that the incidence 
of CVD with diabetes has strongly contributed 
to the need to assess healthcare utilization and 
costs incurred by patients with diabetes.7, 8

Understanding various aspects of healthcare 
resource utilization and expenditures (HRUE) is 
important for healthcare policymaking, resource 
allocation process, and reducing the burden of 
this comorbidity. There have been few studies, in 
various medical settings, examining incremental 
HRUE in comorbid conditions in diabetic patients 
with CVD.7, 9 However, very few have addressed 
this issue in the context of low- and middle-
income countries, where 85% of deaths are due 
to non-communicable diseases. Since HRUE is 
country-specific information, its generalizability 
is questionable. A previous study estimated 
incremental HRUE in diabetic patients with CVD 
complications based on the direct attributable 
costs of the disease.10 Such an approach 
underestimates the true incremental HRUE 
associated with comorbidity.8 It is therefore 
important to use the net incremental cost of all 
HRUE irrespective of the underlying disease.

Despite the high prevalence of CVD in people 
with diabetes, only a limited number of studies 
have been conducted in Iran. Available studies 
have primarily investigated multimorbidity using 
self-report and epidemiological data rather 
than its association with HRUE.11 In the present 
study, for the first time, the prevalence of CVD 
with diabetes in Iran during the fiscal year 2014 

is examined. In addition, a comparison is made 
between HRUE over three years in diabetic 
patients with and without CVD comorbidity in a 
large outpatient population. 

Materials and Methods

In a cross-sectional study, the database of the 
Iran Health Insurance Organization (IHIO) was 
used to identify patients with diabetes in 2014, 
and the frequency of HRUE during 2014-2016 
was examined. The study protocol was approved 
by the Research Ethics Committee of Tabriz 
University of Medical Sciences, Tabriz, Iran (code: 
IR.TBZMED.REC.1397.559). With a specific 
focus on the population of East Azerbaijan 
province (Iran), the records of all medical claims 
related to outpatient services were retrieved. 
East Azerbaijan is the fifth most populous 
province in Iran with approximately four million 
people, representing 5% of the total population 
of Iran.12 The East Azerbaijan Health Insurance 
Organization (EAHIO) serves approximately 
2.3 million people and has a business contract 
with roughly 90% of healthcare providers in the 
province.13 As part of their service, they refund 
over 50% of the costs incurred by patients for 
physician services, laboratory tests, medical 
imaging, and prescription drugs. 

All patients registered as diabetic in the 
IHIO database during 2014, prescribed 
hyperglycemic agents (e.g., insulin) twice within 
the year, and aged ≥18 years were included 
in the study. Pharmacy claims data were also 
used as a measure of the population’s chronic 
disease status.14, 15 Using the stratified sampling 
method, diabetic patients were assigned to two 
groups, namely patients receiving and those not 
receiving CVD medications. 

Outcome Measures
The primary outcome of interest was the mean 

difference in direct HRUE per capita, both overall 
and by the type of healthcare service, between 
the two groups during 2014-2016 adjusted 
for demographic characteristics of patients. 
Outpatient services included services rendered 
in a physician’s office, emergency department, 
medical imaging center, medical laboratory, 
pharmacy, other outpatient services covered by 
the insurance, and costs incurred by patients. 
Total expenditure was adjusted for 2016 inflation 
using the overall medical care component of 
the consumer price index (MCPI).16 To compare 
expenditure data with other studies, the average 
US dollar to Iranian rial exchange rate in 2016 (1 
USD equal to 36,000 IRR) was used [http://old.
nasimonline.ir/Content/Detail/2066919]).
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Key Explanatory Variables
Explanatory variables included age, sex, 

types of insurance funds, and chronic conditions. 
The most prevalent chronic conditions included 
diabetes, CVD, inflammatory bowel disease 
(IBD), chronic obstructive pulmonary disease 
(COPD); acid-related disorders, cancer, dementia, 
hyperlipidemia, migraine, thyroid disorders, 
schizophrenia and bipolar disorders; and 
depression, anxiety, and sleep-related disorders. 
For each of these conditions, pharmacy claims 
data from the insurance database were used to 
identify the corresponding patients. This approach 
has been proposed as a reliable indicator of 
underlying chronic conditions, for which patients 
are being treated.14 In consultation with a panel of 
medical experts, specific drugs prescribed at least 
twice to patients for a specific chronic condition 
were used as an indicator of comorbidity. The 
other explanatory variable was related to the 
internal categorization of funds by IHIO, namely 
health insurance policy for government employees 
(fund two), the general public (fund three), private 
sector and specific public institutions (fund four), 
self-employed individuals (fund six), and rural and 
tribal populations (fund nine). Each category is 
designed to cover certain groups of people with 
specific reimbursement arrangements. 

Statistical Analysis
Data analysis was performed using STATA/

MP 14 (StataCorp LP, College Station, TX, 
USA). All continuous and categorical covariates 
were presented descriptively and expressed as 
means±SD, and proportions. The difference 
in baseline characteristics between diabetic 
patients with and without CVD comorbidity was 
examined using t test for continuous variables 
and the Chi squared test for categorical 
variables. Unadjusted difference in HRUE 
between the cohorts was determined using t test. 
The generalized linear regression model (GLM) 
was used to adjust for the potential confounding 
variables and to account for the common highly 
skewed distribution of the HRUE data.17 This 
model is an effective alternative to ordinary 
least squares regression that corrects for 
heteroscedasticity and avoids re-transformation 
bias on log-transformed expenditures.18 A 
negative binomial distribution was defined for 
the frequency of healthcare resource utilization. 
In order to analyze expenditure data, a two-
part regression model was applied consisting 
of logistic models of all incurred costs and of a 
gamma model with log-link in the second part 
to model positive costs.19 STATA software was 
used to execute the two-part regression model 
allowing the calculation of predictions and 

marginal effects and their standard errors from 
the combination of the first and second parts.20 
We reported the exponents of regression 
coefficients from the models representing a 
factor by which the groups differed in terms of 
costs (eform function in stata). For example, 
a covariate with an exponentiated coefficient 
of 1.25 is associated with a 25% increase in 
expenditure.21 

The method of recycled predictions (also 
called predictive margins) was then used to 
obtain the incremental arithmetic mean cost/
utilization between cohorts, rather than simply 
comparing the costs incurred by patients with 
diabetes with and without CVD. This approach 
is gaining increasing attention and is commonly 
used to calculate differences in absolute costs 
and utilization between groups in generalized 
linear models,12, 22 as it presents the results 
of regression in a meaningful scale. We did 
not apply a matched control design because 
the method of recycled prediction controls for 
covariates. The predictive margin technique 
avoids the problem of covariate imbalance 
through the counterfactual prediction technique. 
Confidence intervals were calculated based on 
1000 bootstrap replications using the percentile 
method. The goodness of fit of the regression 
models was examined using the Hosmer-
Lemeshow test (STATA command: estat gof).

Results

Based on the IHIO database, during 2014, a 
total of 481,733 people filed insurance claims for 
the prescription of at least one drug. Of these, 
34,176 cases were identified as diabetic patients, 
indicating a prevalence of 5.15% (95% CI: 5.09-
5.20) of the total outpatient population. Among 
these, 21,659 (63.37%) were identified with 
CVD comorbidity. Characteristics of all diabetic 
patients with and without CVD comorbidity 
are presented in table 1. Overall, compared to 
diabetic patients without CVD, those with CVD 
were older with significant variations in acid-
related disorders, schizophrenia and bipolar 
disorders, COPD, dementia; hyperlipidemia, 
thyroid disorders, and depression, anxiety, and 
sleep-related disorders. 

Healthcare Resource Utilization
Unadjusted differences in the frequency of 

healthcare resource utilization in diabetic patients 
with and without CVD comorbidity are shown in 
table 2. The median of all HRUE categories, 
particularly in the case of prescription drugs, 
was significantly higher in diabetic patients with 
CVD than those without CVD comorbidity. 
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Table 3 presents the incidence rate ratio 
of prescribed healthcare services for diabetic 
patients with and without CVD comorbidity, 
adjusted for demographic characteristics and 
other comorbidities in the fitted regression 
model. Diabetic patients with CVD comorbidity 
received approximately 30% extra healthcare 
services (ratio=1.3, P<0.001) than those, who 
did not suffer from CVD comorbidity. The 
increase in incidence rate ratio was 28% in 
physician services (ratio=1.28, P<0.001), 46% in 
prescribed drugs (ratio=1.46, P<0.001), 27% in 
laboratory tests (ratio=1.27, P<0.001), and 7% in 
medical imaging (ratio=1.07, P<0.001). 

Healthcare Expenditures
The unadjusted mean total expenditure is 

presented in table 2. The mean of total direct 
costs for diabetic patients with CVD comorbidity 
was 32 million IRR (888.9 USD) compared to 
21.2 million IRR (588.9 USD) for those without 
CVD comorbidity, representing 51% higher 
medical expenditures. 

The results of the regression models on 
healthcare expenditures are shown in table 4.  
Adjusting for confounding variables, the 
presence of CVD comorbidity showed a 
significant positive effect on both the probability 
of having at least one IRR expenditure and 
the amount of total expenditures for those with 
positive expenditures. In this regression model, 
having CVD comorbidity was associated with 
an increase in total expenditure by 50%. The 
costs were significantly higher in older patients, 

Table 1: Demographics and clinical characteristics of the study cohorts
Variables Diabetic patients without 

CVD (n=12,517)
Diabetic patients with 
CVD (n=2,659)

P value 

Demographic 
characteristics

Age (years; mean±SD) 50.59±15.99 63.48±11.80 <0.001a

Female (n, %) 7,841 (62.64) 13,975 (64.52) <0.001b

Male (n, %) 4,676 (37.36) 7,684 (35.48) <0.001b

Insurance fund (n, %) Insurance fund 2 5,367 (42.88) 11,810 (54.53) <0.001b

Insurance fund 3 782 (6.25) 1,887 (8.71) <0.001b

Insurance fund 4 711 (5.68) 784 (3.62) <0.001b

Insurance fund 6 3,117 (24.90) 4,442 (20.51) <0.001b

Insurance fund 9 2,540 (20.29) 2,736 (12.63) <0.001b

Other comorbidities (%) IBD 0.21 0.32 0.052b

Acid-related disorders 11.07 19.81 <0.001b

Schizophrenia and 
bipolar disorders

4.35 5.07 0.002b

Cancer 0.41 0.48 0.307b

COPD 5.08 8.67 <0.001b

Dementia 0.22 0.76 <0.001b

Hyperlipidemia 22.40 58.01 <0.001b

Migraine 0.06 0.03 0.197b

Depression, anxiety, and 
sleep disorders

15.58 26.86 <0.001b

Thyroid disorders 3.21 4.03 <0.001b

at test, bPearson’s Chi squared test, IBD: Inflammatory bowel disease, COPD: Chronic obstructive pulmonary disease, Statistical 
significance (P<0.005)

Table 2: Unadjusted healthcare resource utilization and expenditure outcomes
Categories Diabetic patients without 

CVD 
Diabetic patients with 
CVD 

P valuea

Healthcare resource utilization (median, IQR)
Physician services 18 (9-30) 26 (16-40) <0.001
Prescription drugs 43 (23-70) 81 (52-118) <0.001
Laboratory tests 32 (11-64) 53 (24-88) <0.001
Medical imaging 1 (0-3) 1 (0-3) <0.001
Total 103 (53-165) 170 (110-242) <0.001
bExpenditure (mean, IQR)
Physician services 4.0 (1.4-5.2) 6.1 (2.6-7.7) <0.001
Prescription drugs 14.5 (2.2-11.4) 22.0 (5.6-20.7) <0.001
Laboratory tests 1.6 (0.3-2.3)) 2.2 (0.7-3.0) <0.001
Medical imaging 4.5 (1.5-5.8) 7.1 (2.8-9.1) <0.001
Total 21.2 (0.57-21.5) 32.0 (11.5-34.5) <0.001
aMann-Whitney U test, bExpenditure in million IRR, IQR: Interquartile range, Statistical significance (P<0.005)
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men, insurance fund two, and patients with other 
chronic comorbidities (except for migraine and 
schizophrenia/bipolar disorders). 

The total three-year incremental costs for 

diabetic patients with CVD was 10.6±0.67 million 
IRR (294.4±18.6 USD) (95% CI: 8.6-11 million 
IRR, P<0.001). A similar effect was observed for 
all types of healthcare services. The marginal/

Table 3: Regression coefficients (incident rate ratios) from negative binomial regression model on utilization, categorized by 
healthcare services (2014-2016)
Covariates Physician

services
Prescription 
drugs

Laboratory 
tests

Medical 
imaging 

Overall 
utilization

Cohort (reference: Non-CVD comorbidity) 1.28*** 1.46*** 1.27** 1.07*** 1.3***

Age 1.09*** 1.01 1.08*** 1.10*** 1.16***

Sex (reference=female) 0.95*** 0.92*** 0.96** 0.79*** 0.96***

Insurance fund (reference: Fund 2)
Insurance fund 3 1.22*** 1.3*** 0.99 1.02 1.17***

Insurance fund 4 0.81*** 0.93* 0.66*** 0.56*** 0.81***

Insurance fund 6 0.86*** 0.91*** 0.79*** 0.72*** 0.85***

Insurance fund 9 0.50*** 0.60*** 0.44*** 0.48*** 0.52***

Other comorbidities
IBD 1.50*** 1.48*** 1.20 1.50** 1.40***

Acid-related disorders 1.30*** 1.44*** 1.1*** 1.32*** 1.30***

Schizophrenia and bipolar disorders 1.18*** 1.32*** 0.91*** 0.94 1.15***

Cancer 1.59*** 1.86*** 2.14*** 2.47*** 1.90***

COPD 1.28*** 1.41*** 1.02 1.29*** 1.25***

Dementia 0.93 0.99 0.8** 1.10 0.92
Hyperlipidemia 1.17*** 1.27*** 1.37*** 1.11*** 1.28***

Migraine 1.20 1.36 1.11 0.70 1.23
Depression, anxiety, and sleep disorders 1.25*** 1.32*** 1.12*** 1.20*** 1.23***

Thyroid disorders 1.10** 1.14*** 1.35*** 1.15*** 1.20***

*P=0.05; **P=0.01; ***P<001; The P value for Hosmer-Lemeshow test is 0.23

Table 4: Regression coefficients of the two-part model on healthcare expenditures adjusted for covariates by health service 
category.
Covariates Part 1: Probability of observing a 

positive versus zero expenditures 
(logistic regression modela)

Part 2: Amount of expenditures for those with positive 
expenditures (GLM with the log-link and gamma 

distributionb) 
Physician
services

Laboratory 
tests

Medical 
imaging 

Physician
services

Drugs c Laboratory 
tests

Medical 
imaging

Total

Cohort (reference: Non-
CVD comorbidity)

1.27*** 1.35*** 1.12*** 1.32*** 1.59*** 1.23*** 1.26*** 1.50***

Age 1.01** 1.03 1.01*** 1.02*** 1.04*** 1.01*** 1.03*** 1.02***

Sex (reference=female) 0.52*** 0.70*** 0.76*** 1.01 1.12*** 1.02 0.95** 1.09***

Insurance fund (reference: Fund 2)
Insurance fund 3 0.90 0.80** 1.04 1.1*** 1.1 0.97 1.03 1.09*

Insurance fund 4 0.39*** 0.43*** 0.49*** 0.8*** 0.95 0.72*** 0.74*** 0.89*

Insurance fund 6 0.60** 0.62*** 0.67*** 0.93*** 1.12*** 0.84*** 0.88*** 1.03
Insurance fund 9 0.16*** 0.27*** 0.43*** 0.67*** 0.92* 0.54*** 0.76*** 0.8***

Other comorbidities
IBD 1.68* 2.1 2.18** 1.56*** 3.05*** 1.12 1.2 2.5***

Acid-related disorders 1.01 1.08 1.44*** 1.23*** 1.14*** 1.1*** 1.1*** 1.17***

Schizophrenia and bipolar 
disorders

5.4* 0.78** 0.88* 1.1*** 1.03 0.9*** 0.98 1.03

Cancer 2.5*** 1.9*** 3.9*** 1.83*** 19.73*** 2.4*** 2.75*** 3.27***

COPD 1.5 0.9 1.42*** 1.23*** 1.53*** 1.05* 1.20*** 1.41***

Dementia 0.5 0.45*** 1.20 1.01 1.43* 0.92 0.90 1.24
Hyperlipidemia 3.5*** 2.44*** 1.23*** 1.21*** 1.32*** 1.21*** 1.13*** 1.29***

Migraine 1.03 1.20 1.4 1.22*** 0.70 1.06 0.60 0.84
Depression, anxiety, and 
sleep disorders

2.07* 1.35*** 1.40*** 1.24*** 1.23*** 1.1*** 1.13*** 1.22***

Thyroid disorders 1.4 3.07*** 1.22** 1.11*** 1.25*** 1.4*** 1.1* 1.25***

*P=0.05; **P=0.01; ***P<0.001; The P value for Hosmer-Lemeshow test is 0.19; aOdds ratio; bExponentiated coefficients; cThe 
first part is skipped due to patients with positive drug expenditures; GLM: Generalized linear model 
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incremental healthcare expenditure was 
1.44±0.06 million IRR (40±1.6 USD) for physician 
services (32% increase), 8.36±0.57 million IRR 
(232.2±15.8 USD) for drug prescriptions (58% 
increase), 0.51±0.02 million IRR (14.1±0.5 
USD) for laboratory costs (24% increase), and 
0.29±0.02 million IRR (8±0.5 USD) for medical 
imaging (22% increase) (all Ps<0.001).

The marginal effect of CVD comorbidity in 
patients with diabetes on healthcare resource 
utilization (A) and expenditures (B) per healthcare 
category is shown in figure 1. 

Discussion 

It is known that comorbidities, such as CVD 
in diabetic patients, will result in a substantial 
increase in HRUE. However, an accurate 
estimate of the increase in the context of low- 
and middle-income countries is not known. This 
information is important in the assessment of 
healthcare policies, resource allocation, and 
planning.

Based on the IHIO database, our results 
showed that 63% of patients receiving drugs 

to treat diabetes were concurrently prescribed 
medications for CVD. In line with our results, 
several studies have reported the same 
percentages for such comorbidities. Referring 
to the Australian National Health Survey 2004-
2005, a previous study also reported that over 
60% of patients with diabetes had at least one 
form of CVD comorbidity.23 Another study in 
Germany reported that 64% of the patients with 
diabetes had concurrent CVD complications.24 
A study in Saudi Arabia reported that over 
78% of diabetic patients only suffered from 
hypertension.25 In contrast, some other studies 
have reported a lower prevalence of CVD 
comorbidity with diabetes,26, 27 which could be 
attributed to the absence of hypertension as a 
separate classification of CVD complications. 
According to a recent systematic review,8 most 
studies have classified hypertension as part of 
CVD rather than a separate comorbid condition. 
In line with the results of a previous study, we 
found that diabetic patients with CVD were 
about 13 years older than those without CVD 
comorbidity.28 

Our results showed that after adjusting for 
various covariates, CVD comorbidity in patients 
with diabetes was associated with increased 
use of healthcare resources. We estimated the 
adjusted mean overall healthcare expenditure for 
diabetic patients with CVD at 32 million IRR per 
patient, almost 50% higher than diabetic patients 
without CVD (21.4 million IRR). Furthermore, in 
line with the results of other studies, the mean 
overall records of healthcare utilization in 
diabetic patients with CVD was 178 entries per 
patient compared to 132 entries in those without 
CVD (34% increase). In a retrospective analysis 
of the Medicaid insurance claims in the state 
of West Virginia in 2002, Mody and colleagues 
reported that diabetes with CVD comorbidity 
resulted in 39% higher healthcare expenditure 
per patient.9 Similarly, Erwin and colleagues 
reported a 58% increase in total expenditure 
in elderly patients with type 2 diabetes with 
at least one CVD complication compared to 
those without.29 Compared to our results, some 
studies have reported much higher estimates 
for the incremental costs of CVD comorbidity 
in patients with diabetes. For example, health 
insurers in the United States reported that 
among the claims of 7,109 diabetic patients 
in managed care organizations, patients with 
CVD comorbidity had up to 150% higher direct 
medical costs than those without.30 Such higher 
percentages in adjusted marginal health care 
costs can be attributed to the fact that estimates 
were based on total healthcare expenditures, 
including inpatient costs. One should remember 

Figure 1: The figure demonstrates the marginal effect of CVD 
comorbidity in patients with diabetes on healthcare resource 
utilization (A) and expenditure (B), categorized by healthcare 
service. Light colors: Healthcare resource utilization patterns 
for diabetic patients with CVD comorbidity; Dark colors: 
Healthcare resource utilization patterns for diabetic patients 
without CVD comorbidity; Percentages: The difference in 
marginal effects among diabetic patients with and without 
CVD comorbidity.
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that hospitalization is the most expensive part of 
healthcare expenditures in diabetic patients with 
CVD comorbidity.

We found that the incremental HRUE 
associated with diabetic patients with CVD 
comorbidity widely varied among the main 
categories of outpatient care. Higher expenditure 
on prescription drugs was the prime contributor to 
the overall incremental healthcare expenditure. 
Our results showed that 8.6 (81%) of the 10.6 
million IRR of total incremental expenditure 
was due to prescription drugs. Moreover, after 
adjusting for several covariates, the number of 
prescribed drugs in diabetic patients with CVD 
was almost 60% higher than those without CVD 
(figure 1). This is indicative of the intensive 
pharmaceutical treatment of CVD as well as 
the overall management of diabetic patients 
with CVD comorbidity. The second highest 
contributor to the overall incremental healthcare 
expenditure was due to the services provided by 
physicians, accounting for 1.4 million IRR (13%) 
of the total 10.6 million IRR. 

The extra HRUE for treating patients with 
concurrent diabetes and CVD underlines the 
immediate need for effective and efficient 
management of such patients. This puts a 
heavy financial burden on healthcare systems, 
especially in the Middle East, where an increase 
in the number of patients with such comorbidities 
is anticipated in the coming decades.1 

Healthcare systems that are fragmented and 
primarily able to deal with only a single disease 
at a time are not tailored to respond to multiple 
episodes of care and are unprepared to manage 
multimorbidity. It has been reported that patients 
with multimorbidity often receive fragmented, 
inefficient, incomplete, ineffective, and duplicative 
health care.31, 32 This is the result of poor 
coordination among healthcare services, which 
often undermines synergy between interventions 
and can even put patients at risk. Some developed 
countries have recently initiated certain actions to 
develop evidence-based guidelines addressing 
the co-management of diabetes and CVD.33 In 
contrast, developing countries such as Iran are 
yet to address this issue. 

Effective management of the multimorbid 
nature of diabetes requires the adoption of a 
multi-dimensional strategy. Healthcare systems 
should adopt a more comprehensive approach 
instead of focusing on a single disease, whereby 
care is coordinated by a single or a team of 
healthcare providers with the primary focus 
on the difficulties and needs of patients with 
multimorbidity. Such a comprehensive approach 
will satisfy the treatment needs of patients and 
reduce the burden of the concurrent presence of 

chronic conditions, e.g., CVD in diabetic patients. 
Our findings highlight the importance of 

managing medication usage among diabetic 
patients with CVD comorbidity. As mentioned 
earlier, over 80% of the total incremental 
outpatient healthcare expenditure was due 
to prescription drug costs. Considering the 
marginal effect of CVD comorbidity on the 
number of drugs used, we can conclude that the 
higher expenditure is to a large degree driven by 
a higher volume of prescriptions. This situation 
may trigger an increase in the dangers of 
polypharmacy among patients. An association 
between diabetes and polypharmacy can be 
detected early, but morbidity can exacerbate 
potential dangers and increase the risk of 
drug adverse effects.34, 35 Therefore, taking 
multimorbidity into account, a comprehensive 
assessment of the prescribed drugs is required 
for each patient. 

To the best of our knowledge, this is the 
first population-based study in a low- and 
middle-income country that comprehensively 
examined excessive HRUE of CVD in patients 
with diabetes. By using data from a large and 
continuous administrative database, we avoided 
the drawbacks of alternative data sources (e.g., 
self-reports) such as recall bias, non-response 
bias, attrition, and under-representation of high-
cost cases. An additional strength of the present 
study was in developing a comprehensive list of 
other chronic conditions and the use of robust 
statistical techniques (GLM, recycled predictions 
method) in estimating an incremental increase in 
HRUE. Nonetheless, there are several limitations 
to our study. First, although the use of pharmacy 
claims data is recommended as an alternative 
indicator to identify diseases,36, 37 the data lacks 
information on the definitive diagnosis. However, 
this approach is customary and used in several 
other studies. Secondly, the IHIO database 
lacks important confounding variables (e.g., 
socio-economic status, educational level, and 
accessibility to care) for HRUE. Moreover, this 
database does not include information related to 
inpatient healthcare services, which is a major 
contributor to HRUE. Lastly, in the absence of 
relevant information in the IHIO database, we 
could not adjust our estimates for the duration 
and severity of comorbidity. 

Conclusion

In contrast with the implicit assumption made by 
the Iranian healthcare system, it is shown that the 
concurrence of diabetes and CVD is common in 
Iran and that the associated outpatient HRUE is 
substantial. The incremental increase in HRUE 
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is primarily due to prescription drugs followed 
by physician services. Our findings draw the 
attention of healthcare decision-makers to 
proactively prevent CVD comorbidity in diabetic 
patients. Further research is required to examine 
the potential effect of this comorbidity on other 
aspects of healthcare services such as quality 
and continuity of care.

Acknowledgment

We would like to thank the authorities of the 
East Azerbaijan Health Insurance Organization 
for granting access to their insurance claims 
database. The study was supported by Tabriz 
University of Medical Sciences, Tabriz, Iran 
(grant number: 60752). The sponsor had no role 
in the design of this study, its execution, analysis, 
interpretation of the data, the decision to submit 
results, nor in the preparation of the manuscript.

Conflict of Interests: None declared.

References

1 Guariguata L, Whiting DR, Hambleton I, 
Beagley J, Linnenkamp U, Shaw JE. Global 
estimates of diabetes prevalence for 2013 
and projections for 2035. Diabetes Res 
Clin Pract. 2014;103:137-49. doi: 10.1016/j.
diabres.2013.11.002. PubMed PMID: 
24630390.

2 Esteghamati A, Etemad K, Koohpayehza-
deh J, Abbasi M, Meysamie A, Noshad S, 
et al. Trends in the prevalence of diabetes 
and impaired fasting glucose in associa-
tion with obesity in Iran: 2005-2011. Diabe-
tes Res Clin Pract. 2014;103:319-27. doi: 
10.1016/j.diabres.2013.12.034. PubMed 
PMID: 24447808.

3 Collaboration NCDRF. Worldwide trends in 
diabetes since 1980: a pooled analysis of 
751 population-based studies with 4.4 million 
participants. Lancet. 2016;387:1513-30. doi: 
10.1016/S0140-6736(16)00618-8. PubMed 
PMID: 27061677; PubMed Central PMCID: 
PMCPMC5081106. 

4 Javanbakht M, Mashayekhi A, Baradaran 
HR, Haghdoost A, Afshin A. Projection of 
Diabetes Population Size and Associated 
Economic Burden through 2030 in Iran: Evi-
dence from Micro-Simulation Markov Model 
and Bayesian Meta-Analysis. PLoS One. 
2015;10:e0132505. doi: 10.1371/journal.
pone.0132505. PubMed PMID: 26200913; 
PubMed Central PMCID: PMCPMC4511591.

5 Einarson TR, Acs A, Ludwig C, Panton 
UH. Prevalence of cardiovascular disease 

in type 2 diabetes: a systematic literature 
review of scientific evidence from across the 
world in 2007-2017. Cardiovasc Diabetol. 
2018;17:83. doi: 10.1186/s12933-018-0728-
6. PubMed PMID: 29884191; PubMed Cen-
tral PMCID: PMCPMC5994068.

6 Afarideh M, Noshad S, Ghajar A, Aryan Z, 
Khajeh E, Hosseini Shirvani S, et al. Family 
history of diabetes and the risk of coronary 
heart disease in people with or without type 
2 diabetes. Diabetes Metab. 2017;43:180-3. 
doi: 10.1016/j.diabet.2016.07.032. PubMed 
PMID: 27644597.

7 Fu AZ, Qiu Y, Radican L, Wells BJ. Health 
care and productivity costs associated 
with diabetic patients with macrovascu-
lar comorbid conditions. Diabetes Care. 
2009;32:2187-92. doi: 10.2337/dc09-1128. 
PubMed PMID: 19729528; PubMed Central 
PMCID: PMCPMC2782975.

8 Vaidya V, Gangan N, Sheehan J. Impact 
of cardiovascular complications among 
patients with Type 2 diabetes mellitus: a 
systematic review. Expert Rev Pharmaco-
econ Outcomes Res. 2015;15:487-97. doi: 
10.1586/14737167.2015.1024661. PubMed 
PMID: 25824591.

9 Mody R, Kalsekar I, Kavookjian J, Iyer S, 
Rajagopalan R, Pawar V. Economic impact 
of cardiovascular co-morbidity in patients 
with type 2 diabetes. J Diabetes Compli-
cations. 2007;21:75-83. doi: 10.1016/j.
jdiacomp.2006.02.005. PubMed PMID: 
17331855.

10 Colin X, Lafuma A, Gueron B. Costs of cardio-
vascular events of diabetic patients in the French 
hospitals. Diabetes Metab. 2007;33:310-3. 
doi: 10.1016/j.diabet.2006.12.004. PubMed 
PMID: 17395514.

11 Ahmadi B, Alimohammadian M, Yaseri 
M, Majidi A, Boreiri M, Islami F, et al. Mul-
timorbidity: Epidemiology and Risk Fac-
tors in the Golestan Cohort Study, Iran: A 
Cross-Sectional Analysis. Medicine (Bal-
timore). 2016;95:e2756. doi: 10.1097/
MD.0000000000002756. PubMed PMID: 
26886618; PubMed Central PMCID: 
PMCPMC4998618.

12 Statistical Center of Iran [Internet]. Statistics 
by Topic, 2018, Presidency of The IRI Man-
agement and Planning Organization: Tehran. 
[cited 22 January 2019]. Available from: http:/ 
www.amar.org.ir

13 Gorji HA, Mousavi S, Shojaei A, Keshavarzi 
A, Zare H. The challenges of strategic pur-
chasing of healthcare services in Iran Health 
Insurance Organization: a qualitative study. 
Electron Physician. 2018;10:6299-306.  



Diabetes and cardiovascular comorbidity and the associated healthcare resource utilization and costs

Iran J Med Sci January 2022; Vol 47 No 1 61

doi: 10.19082/6299. PubMed PMID: 29629051; 
PubMed Central PMCID: PMCPMC5878022.

14 Dong YH, Chang CH, Shau WY, Kuo RN, Lai 
MS, Chan KA. Development and validation 
of a pharmacy-based comorbidity measure 
in a population-based automated health care 
database. Pharmacotherapy. 2013;33:126-
36. doi: 10.1002/phar.1176. PubMed PMID: 
23386595.

15 Ebrahimoghli R, Janati A, Sadeghi-Bazar-
gani H, Hamishehkar H, Ghaffari S, Sanaat 
Z, et al. Epidemiology of multimorbidity in 
Iran: An investigation of a large pharmacy 
claims database. Pharmacoepidemiol Drug 
Saf. 2020;29:39-47. doi: 10.1002/pds.4925. 
PubMed PMID: 31730260.

16 Norbert H, Wanjoya A, Waititu A. Modeling 
and forecasting consumer price index (Case 
of Rwanda). American Journal of Theoritical 
and Applied Statistics. 2016;5:101-7. doi: 
10.11648/j.ajtas.20160503.14.

17 Moran JL, Solomon PJ, Peisach AR, Martin 
J. New models for old questions: generalized 
linear models for cost prediction. J Eval Clin 
Pract. 2007;13:381-9. doi: 10.1111/j.1365-
2753.2006.00711.x. PubMed PMID: 
17518803.

18 Gregori D, Petrinco M, Bo S, Desideri A, 
Merletti F, Pagano E. Regression models 
for analyzing costs and their determinants in 
health care: an introductory review. Int J Qual 
Health Care. 2011;23:331-41. doi: 10.1093/
intqhc/mzr010. PubMed PMID: 21504959.

19 Mihaylova B, Briggs A, O’Hagan A, Thomp-
son SG. Review of statistical methods for 
analysing healthcare resources and costs. 
Health Econ. 2011;20:897-916. doi: 10.1002/
hec.1653. PubMed PMID: 20799344; 
PubMed Central PMCID: PMCPMC3470917.

20 Belotti F, Deb P, Manning WG, Norton 
EC. twopm: Two-part models. The 
Stata Journal. 2015;15:3-20. doi: 
10.1177/1536867X1501500102.

21 Jann B. Making regression tables from stored 
estimates. The Stata Journal. 2005;5:288-
308. doi: 10.1177/1536867X0500500302.

22 Glick HA, Doshi JA, Sonnad SS, Polsky 
D. Economic evaluation in clinical trials. 
Oxford: OUP Oxford; 2014. doi: 10.1093/
med/9780199685028.001.0001.

23 Tong B, Stevenson C. Comorbidity of car-
diovascular disease, diabetes and chronic 
kidney disease in Australia. Canberra: Aus-
tralian Institute of Health and Welfare; 2007. 

24 Luijks H, Schermer T, Bor H, van Weel C, 
Lagro-Janssen T, Biermans M, et al. Preva-
lence and incidence density rates of chronic 
comorbidity in type 2 diabetes patients: 

an exploratory cohort study. BMC Med. 
2012;10:128. doi: 10.1186/1741-7015-10-
128. PubMed PMID: 23106808; PubMed 
Central PMCID: PMCPMC3523042.

25 Alwakeel JS, Sulimani R, Al-Asaad H, Al-
Harbi A, Tarif N, Al-Suwaida A, et al. Diabetes 
complications in 1952 type 2 diabetes melli-
tus patients managed in a single institution in 
Saudi Arabia. Ann Saudi Med. 2008;28:260-
6. doi: 10.5144/0256-4947.2008.260. 
PubMed PMID: 18596402; PubMed Central 
PMCID: PMCPMC6074352.

26 Jurado J, Ybarra J, Solanas P, Caula J, Gich 
I, Pou JM, et al. Prevalence of cardiovascular 
disease and risk factors in a type 2 diabetic 
population of the North Catalonia diabetes 
study. J Am Acad Nurse Pract. 2009;21:140-
8. doi: 10.1111/j.1745-7599.2008.00377.x. 
PubMed PMID: 19302689.

27 Song SH, Hardisty CA. Early onset type 2 dia-
betes mellitus: a harbinger for complications 
in later years--clinical observation from a 
secondary care cohort. QJM. 2009;102:799-
806. doi: 10.1093/qjmed/hcp121. PubMed 
PMID: 19734298.

28 Mehta S, Ghosh S, Sander S, Kuti E, Mount-
ford WK. Differences in All-Cause Health 
Care Utilization and Costs in a Type 2 Dia-
betes Mellitus Population with and With-
out a History of Cardiovascular Disease. J 
Manag Care Spec Pharm. 2018;24:280-90. 
doi: 10.18553/jmcp.2018.24.3.280. PubMed 
PMID: 29485954.

29 Erwin G, Iyer S, Rajagopalan R, Astuto J, 
Wilson P, Schaneman J, et al. Type 2 diabetes 
mellitus treatment patterns and healthcare 
costs in the elderly population. Disease Man-
agement & Health Outcomes. 2006;14:75-83.  
doi: 10.2165/00115677-200614020-00002.

30 Li R, Bilik D, Brown MB, Zhang P, Ettner 
SL, Ackermann RT, et al. Medical costs 
associated with type 2 diabetes complica-
tions and comorbidities. Am J Manag Care. 
2013;19:421-30. PubMed PMID: 23781894; 
PubMed Central PMCID: PMCPMC4337403.

31 Boult C, Wieland GD. Comprehensive pri-
mary care for older patients with multiple 
chronic conditions: “Nobody rushes you 
through”. JAMA. 2010;304:1936-43. doi: 
10.1001/jama.2010.1623. PubMed PMID: 
21045100.

32 Wolff JL, Starfield B, Anderson G. Preva-
lence, expenditures, and complications of 
multiple chronic conditions in the elderly. 
Arch Intern Med. 2002;162:2269-76. doi: 
10.1001/archinte.162.20.2269. PubMed 
PMID: 12418941.

33 Force M, Ryden L, Grant PJ, Anker SD, 



Ebrahimoghli R, Janati A, Sadeghi-Bazargani H, Hamishehkar H, Khalili-Azimi A

62 Iran J Med Sci January 2022; Vol 47 No 1

Berne C, Cosentino F, et al. ESC Guidelines 
on diabetes, pre-diabetes, and cardiovascu-
lar diseases developed in collaboration with 
the EASD: the Task Force on diabetes, pre-
diabetes, and cardiovascular diseases of the 
European Society of Cardiology (ESC) and 
developed in collaboration with the Euro-
pean Association for the Study of Diabetes 
(EASD). Eur Heart J. 2013;34:3035-87. doi: 
10.1093/eurheartj/eht108. PubMed PMID: 
23996285. 

34 Glynn LG, Valderas JM, Healy P, Burke E, 
Newell J, Gillespie P, et al. The prevalence of 
multimorbidity in primary care and its effect 
on health care utilization and cost. Fam 
Pract. 2011;28:516-23. doi: 10.1093/fampra/
cmr013. PubMed PMID: 21436204. 

35 Teljeur C, Smith SM, Paul G, Kelly A, O’Dowd 
T. Multimorbidity in a cohort of patients with 
type 2 diabetes. Eur J Gen Pract. 2013;19:17-
22. doi: 10.3109/13814788.2012.714768. 
PubMed PMID: 23432037.

36 Maio V, Yuen E, Rabinowitz C, Louis D, 
Jimbo M, Donatini A, et al. Using pharmacy 
data to identify those with chronic condi-
tions in Emilia Romagna, Italy. J Health 
Serv Res Policy. 2005;10:232-8. doi: 
10.1258/135581905774414259. PubMed 
PMID: 16259690.

37 Von Korff M, Wagner EH, Saunders K. A 
chronic disease score from automated phar-
macy data. J Clin Epidemiol. 1992;45:197-
203. doi: 10.1016/0895-4356(92)90016-g. 
PubMed PMID: 1573438.


