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Background: We sought to explore the temporal trend of ischemic heart disease (IHD)
incidence rate (IR) in a large city of Iran.

Methods: The study population comprised hospitalized patients who were living in Isfahan,
Iran, with first or recurrent IHD during the period of 2001 to 2016. To identify patients, clinical
diagnostic codes were applied according to the International Classification of Diseases 10 (ICD-
10: 120.0, I21-125) and the “World Health Organization Monitoring Trends and Determinants in
Cardiovascular Disease” diagnostic categories (WHO-MONICA). Using a direct method, we
calculated age-, sex-, and place-of-residence-adjusted incidence rates based on multiple refer-
ence populations. To examine the long-term trend for the IR, a bootstrap robust zero-truncated
negative binomial regression model was used.

Results: A total of 102,254 hospitalized patients, with a mean (SD) age of 61.85 (12.79),
were registered between 2001 and 2016. After an initial reduction from 2006 to 2010, crude
and adjusted IRs of IHD increased between 2010 and 2016. We further observed a significant
increasing long-term temporal trend in the IR with an average annual change of 1.42% to
3.36% over the study period.

Conclusion: Our findings showed a decreasing trend in the IR of IHD between 2006 and
2010, possibly attributed to the comprehensive community-based interventions named
“Isfahan Healthy Heart Program” performed from 2001 to 2007, followed by an increase
in the adjusted IR of IHD between 2010 and 2016 in Isfahan; this indicates the importance of
continuing the preventive measures to preclude the risk factors of cardiovascular diseases in
our population.

Keywords: ischemic heart disease, incidence rate, temporal trend, registry

Introduction

Based on the Global Burden of Disease study (GBD), cardiovascular diseases (CVDs)
have been the leading cause of death since 1980." In previous studies, a reduced CVDs
mortality rate was observed in high-income countries; however, high rates of CVDs
mortality have been reported in low- and middle-income countries (LMIC), particu-
larly in the Eastern Mediterranean Region (EMR).? In the EMR, the total number of
deaths from CVDs was 1,373,329 in 2015, which accounted for over one-third of all
deaths. Moreover, age-standardized mortality rate of CVDs in EMR was higher than
the global average.' Iran is among the countries in the EMR with the highest burden of
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CVD.? Previous studies have shown that among all CVDs,
ischemic heart disease (IHD) is the leading cause of mortality
and disability-adjusted life years (DALY) in Iran and around
the world.>* Mortality remains the most important contribu-
tor to the burden of IHD in Iran. Moreover, population
growth and aging can lead to more incidences, which ulti-
mately increases the burden of IHD in Iran.’

The GBD study on IHD epidemiology estimates has
highlighted the paucity of data concerning IHD in many
LMIC and EMR countries.'*” More reliable information
regarding the global burden of IHD and epidemiologic
measures, including incidence, prevalence, case fatality,
and mortality has to improve the surveillance programs
in all regions of world.® The reports of health system
challenges in managing CVD in certain EMR countries re-
emphasize the need for high quality data."” The GBD
results are a combination of real and estimated data; more-
over, the low level of data completeness in regard to
certain locations implies that the estimates for these places
rely more on the modelling process. The improvement in
estimation methods represented in each iteration of GBD
does not mitigate the pressing need for investments in data
gathering and surveillance at country level.®

To the best of our knowledge, there are very few data
on the incidence of IHD in Iran, and if there are, it is
usually based on cohort studies with short follow-ups or
small sample sizes. The present study aimed to examine
the 15-year temporal trends in crude and age-, sex-, and
place-of-residence-adjusted incidence rate (IR) of IHD in
a large city of Iran. The adjustments were done using
multiple populations as reference and different diagnostic
methods which helped identify the heterogeneity and
variability.

Materials and Methods

Design and Patients

This study consists of IHD and stroke registries initiated
by the “Isfahan Healthy Heart Program” (IHHP) in 2001
and continued until 2016. Here, we reported the IHD
registry methods and results as we published the stroke
registry before.”!° IHHP is a comprehensive integrated
community-based program that consists of multiple simul-
taneous interventions at community levels and in high risk
groups.'""'? The registry was performed using the metho-
dology of the “World Health Organization Monitoring
Trends and Determinants in Cardiovascular Disease” diag-
nostic categories (WHO-MONICA)."*'* In this study, we

reported the incidence rate and case-fatalities of IHD in
Isfahan, Iran; this was done through gleaning information
from the disease registration covering all hospitalized IHD
patients from April 2001 to March 2016. Isfahan is an
industrial city located in central Iran and the second most
populous metropolitan area in Iran after Tehran. Most
large cities in Iran are similar regarding socioeconomic
status, population density, age distribution, men to women
ratio, demographic picture, and health profile.'>'® The
population of Isfahan district was 1,253,338 (51.6% men
and 90.6% urban residents) in 2001. In 2016, the popula-
tion of Isfahan grew up to 1,791,621. Because Isfahan city
is the center of Isfahan province, patients from other cities
of the province are also referred to its hospitals. In this
registry, we collected private, governmental, social secur-
ity insurance, university-affiliated, and military hospital
records. This study was approved by the Research
Council of Isfahan Cardiovascular Research Institute
(ICRI)."” Ethics approval was obtained from the Ethics
Committee of Isfahan Cardiovascular Research Center.
Patients’ privacy was protected at all times. In order to
maintain a full confidentiality of the patients’ information,
a registration code, (as inspired by Huffman coding)'®
formed by a de-identifiable combination of patient infor-
mation, such as the first and last name and date of birth,
was assigned to be used for research purposes.

In 2015, we started a new CVD registry named the
“Persian Registry of Cardiovascular Disease” (PROVE)
that covered many CVD types and used methodologies
other than MONICA. PROVE was initiated in Isfahan
with some elements of national scale-up while both stroke
and THD continued to be registered as before. IHD has
been expanded in PROVE to register all acute coronary
syndromes (ACSs)."”

Data Collection

Patients’ IHD records and basic information were evalu-
ated by our trained nurses. Medical records of patients,
who were hospitalized in Isfahan hospitals, were assessed
for IHD signs and symptoms. All cases of possible heart
attack were identified retrospectively based on death certi-
ficates and hospital discharge reports. The studied vari-
ables included sex, birthdate, date of chest pain onset and
its management, admission date, hospital name, risk fac-
tors, IHD history, diagnostic categories associated with
clinical diagnosis (CD) based on the International
Classification of Diseases 10 (ICD-10) (CD-ICD-10), and
WHO-MONICA. All patients were followed up for
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a period of 28 days to define their case fatality and survi-
val. Details of death, death certificate diagnoses, and find-
ings at autopsy were recorded on fatal events.'”

In CD-ICD-10 method, subgroups of IHD included
myocardial infarction (MI) (I21 and 122), unstable angina
(I120.0), stable angina (120.1-120.9), and other IHD such as
chronic THD (I25), other acute IHD (124), and complica-
tions following acute MI (123).%° THD patients were iden-
tified based on primary diagnoses or underlying causes of
death and the secondary diagnoses at discharge from hos-
pital or contributory causes of death from death certificate.
In WHO-MONICA method, events are classified as first-
ever or recurrent and fatal or non-fatal. Diagnostic criteria
are based on previous history of IHD, symptoms at onset,
maximum levels of serum enzymes, relevant electrocar-
diograms (coded according to the Minnesota codes), clin-
ical findings, investigations undertaken within 28 days of
onset, and postmortem findings. Fatal cases were defined
as death occurring within 28 days of the onset of an event.
Signs of angina within 28 days were not regarded as a new
event. Non-fatal events were classified as “definite” (NFI),
“possible” (NF2), “ischemic cardiac arrest” (NF3), or “no
myocardial infarction” (NF4). In addition, fatal events
were classified as “definite” (F1), “possible” (F2), “unclas-
sifiable” (F9) (called “insufficient data”), or “no myocar-
dial infarction or coronary death” (F4). Details pertaining
to the categories of the WHO-MONICA diagnostics were
previously reported.'*'* In this study, the two following
diagnostic methods were used to identify hospitalized IHD
patients: CD-ICD-10 method (I120.0 and 121-125) and third
definition  (NFI+NF2+FI1+F2+F9) WHO-
MONICA method.

from the

Statistical Analysis

We calculated age, sex, and place of residence whether
urban- or rural-area adjusted IRs of IHD per 10,000 from
April 2001 to March 2016. The annual numbers of the
Isfahan population for the study years based on different
age groups, place of residence, and sex were used as the
denominators for all IR calculations. To adjust the age,
sex, and place of residence differences in the studied years,
the direct method was applied using the following five
different populations as reference; 2006 and 2011 Iranian
population census, 2006 and 2011 Isfahan province popu-
lation census, and the sum of Isfahan district population
from April 2001 to March 2016. To examine the trend of
IHD incidence across time, bootstrap robust zero-truncated
negative binomial regression models were used for

analysis; the year was considered as an independent vari-
able while crude and age-, sex-, and place-of-residence-
adjusted IRs were dependent variables. The negative
binomial regression model addresses the over dispersion
issue and requires fewer assumptions concerning the pat-
terns of variance compared to Poisson regression. By
adjusting the IRs, we obtained the data for dependent
variables in a regression model which truncated at zero.
In other words, we used zero-truncated negative binomial
regression because dependent variables do not include the
zero value. All hospitalized patients with first and recur-
rent IHD events were further considered, hence an intra-
group correlation was expected. A common approach to
examining the intra-group correlation is robust standard
error of regression coefficients using different methods. In
this study, we used robust bootstrap to address the mis-
specification caused by intra-group -correlation. This
regression model allows for the estimation of trends across
individual calendar years to obtain average annual percen-
tage changes. On the basis of the corresponding estimated
regression coefficient and standard error, a yearly change
in IHD can be derived along with 95% confidence interval
(CI). The exponent of the estimated regression coefficient
is the relative risk (RR) per each calendar year. The
regression coefficient of year multiplied by 100 gives the
average annual change of incidence in percentages. Data
were analyzed by R Statistical Software version 3.5.3
(R Core Team, 2019).

Results

In total, we registered 102,254 hospitalized patients of first
and recurrent IHD incident events in Isfahan, Iran, over
the period of April 2001 to March 2016. Approximately
97% were hospitalized with IHD as the primary diagnosis.
Among the 102,254 admissions with IHD assessed by CD-
ICD-10 method, 48,465 THD cases were identified via the
WHO-MONICA method. Patients’
based on diagnosis methods are summarized in Table 1.
About 54% of the hospitalized IHD patients were men,
more than 50% aged 55-75 years, around 1.5% were

demographic data

younger than 35 years old, and approximately 95% were
from urban areas. The mean (SD) age was 61.85 (12.79)
years. Table 1 provides more details as to the basic char-
acteristics of study participants.

Tables 2 and 3 depict the age, sex, and place of resi-
dence-specific IRs (per 10,000) of IHD based on CD-ICD
-10 and WHO-MONICA methods, respectively, over the

three observation periods: April 2001-March 2006,
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Table | Characteristics of the Ischemic Heart Disease Patients

Based on Diagnostic Methods

Characteristics Diagnostic Methods
Clinical WHO-MONICA
Diagnoses Diagnostic
(ICD-10) Categories
Total cases 102,254 48,465
Sex, n (%) Female 46,682 (45.7) 19,104 (39.4)
Male 55,572 (54.3) 29,361 (60.6)
Residency, | Urban 96,800 (94.7) 45,876 (94.7)
n (%) Rural 5454 (5.3) 2589 (5.3)
Age Female 64.03 (12.07) 65.58 (11.85)
(years), Male 60.02 (13.09) 60.55 (12.76)
Mean (SD) | Urban 61.88 (12.77) 62.58 (12.63)
Rural 61.26 (13.18) 61.76 (12.99)
Total 61.85 (12.79) 62.53 (12.65)
Age 15-19 years 26 (0.03) 14 (0.03)
Groups, 20-24 years 144 (0.1) 60 (0.12)
n (%) 25-29 years 368 (0.4) 119 (0.2)
30-34 years 908 (0.9) 341 (0.7)
35-39 years 2209 (2.2) 927 (1.9)
4044 years 5160 (5.0) 2163 (4.5)
4549 years 9117 (8.9) 4045 (8.3)
50-54 years 12,889 (12.6) 5969 (12.3)
55-59 years 14,128 (13.8) 6641 (13.7)
60-64 years 13,953 (13.6) 6746 (13.9)
65-69 years 12,593 (12.3) 6120 (12.6)
70-74 years 11,752 (11.5) 5693 (11.7)
275 years 19,007 (18.6) 9627 (19.9)

April 2006-March 2011, and April 2011-March 2016. The
IR of IHD based on WHO-MONICA for urban women
increased with the rise in age. Among all periods in both
areas, IR of IHD (based on both studied diagnosis methods)
for men aged 30-60 years were higher than that of women
with the same age range. For both genders in all age cate-
gories, the IR of IHD for urban area was higher than that of
rural areas in the first time period. Based on both studied
diagnosis methods, the increase in the IR of IHD was con-
siderably higher in patients older than 65 years compared to
those aged 40—65 years old, in women compared to men,
and in urban areas compared to rural areas.

Figure 1 and Supplementary Appendix 1 show the crude
and age-, place-of-residence, and sex-adjusted trend of IR
(per 10,000) of IHD based on CD-ICD-10 method across
15 years: from April 2001 to March 2016. IRs of IHD were
adjusted by the five mentioned populations as reference.
Furthermore, Figure 2 and Supplementary Appendix 2

graphically depict the crude and adjusted trends of esti-
mated IR based on different standard populations in terms
of IHD diagnosed by WHO-MONICA criteria over the
study periods. The lowest and highest adjusted IRs of IHD
based on both studied diagnosis methods were respectively
related to adjustment based on 2006 Iranian population
census and 2011 Isfahan province population census as
reference across the time periods. Therefore, according to
different reference populations, adjusted IRs of IHD based
on CD-ICD-10 ranged from 27 to 37 (per 10,000) in
April 2001 to March 2002 and from 39 to 51 in
April 2015 to March 2016. Similarly, adjusted IR based
on WHO-MONICA ranged from 11 to 16 and 19 to 25 in
the same time periods. According to Figures 1 and 2, after
the initial decrease from 2006 to 2010, crude and age-, sex-,
and place-of-residence-adjusted IR of IHD increased over
the study period based on all reference populations.

As seen in Table 4, the average annual increase in IHD
incidence based on CD-ICD-10 in Isfahan ranged from
1.42% (95% Cl= 0.16-2.68) to 2.42% (95% CI= 0.89-3.95)
per year. A significant increasing trend was detected for all
estimated IRs based on different reference populations. In
addition, a significant increasing trend was also observed for
the IR of IHD based on WHO-MONICA during the 15-year
study period, for all reference populations in Isfahan. The
average annual increase in the incidence of IHD ranged
between 1.93% (95% CI= 0.59-3.26) and 3.36% (95%
CI= 1.96-4.76) per year.

Discussion

In this study, we elucidated the temporal trends in age-,
sex-, and place-of-residence-adjusted IR of IHD in
Isfahan, Iran. We used five populations as reference or
standard for adjustment and two diagnostic methods,
namely WHO-MONICA and CD-ICD-10 between
April 2001 and March 2016.

A significant increasing long-term temporal trend was
detected in the crude and age-, sex-, and place-of-residence-
adjusted IR of IHD based on all reference populations and
diagnostic methods in an Iranian population across a 15-
year period with an average annual change of 1.42-3.36%.

Previous reports from some western countries showed
that the adjusted incidence trend of IHD or MI decreased
over the same time period.”**? A binational study of more
than 7 million IHD hospitalizations in England and Australia
highlighted that the age-adjusted hospitalization rates for
total IHD declined in Australia from 1996 to 2013 (with an
average annual percent change of —3.0); meanwhile, IHD
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Table 2 Incidence Rate (per 10,000) of Ischemic Heart Disease Based on CD-ICD-10 in Isfahan, Iran, Between April 2001andMarch

2016
Years April 2001-March 2006 April 2006-March 2011 April 2011-March 2016
Sex Age Group, years | Rural Urban Rural Urban Rural Urban
IR (95% CI) IR (95% CI) IR (95% CI) IR (95% CI) IR (95% CI) IR (95% CI)

Female | 15-19 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
20-24 0 (0-0) 0 (0-0) 0 (0-0) 0(0-0) 0 (0-0) 0 (0-0)
25-29 1 (0-2.0) 0 (0-0) 1 (0-2.1) 0 (0-0) 2 (0.5-3.5) 0 (0-0)
30-34 I (0-2.1) 1 (0.6-1.3) 1 (0-2.2) 1 (0.7-1.3) 3 (1.04.9) 2 (1.6-2.4)
35-39 5(22-78) 6 (5.1-6.9) 5(2.1-79) 4 (3.347) 9 (5.1-12.9) 5(4.3-57)
40-44 Il (6.3-15.7) 21 (19.1-22.9) 17 (10.9-23.1) 16 (14.5-17.5) 21 (14.6-27.4) 19 (17.5-20.5)
45-49 31 (22.5-39.5) 45 (42.0-47.9) 30 (21.3-38.7) 38 (35.6-40.4) 69 (55.7-82.3) 42 (39.644.3)
50-54 47 (35.5-58.5) 88 (83.4-92.6) 64 (50.2-77.8) 77 (73.2-80.8) 88 (71.7-104.3) 89 (85.2-92.8)
55-59 65 (50.02-79.9) 140 (133.2-146.8) 102 (82.0-121.9) 130 (124.0-135.9) | 138 (116.2-159.8) 166 (159.6-172.4)
60-64 106 (84.3-127.7) 175 (166.6—183.4) 141 (115.5-166.5) 185 (176.9-193.1) | 189 (159.3-218.7) | 229 (220.5-237.5)
65-69 117 (927-141.3) 236 (222.3-249.7) 156 (125.5-186.5) | 235 (224.4-245.5) | 208 (173.9-242.1) | 297 (285.5-308.5)
70-74 101 (76.9-125.0) 285 (272.2-297.7) 148 (117.7-178.3) | 271 (258.9-283.0) | 232 (190.6-273.4) | 291 (278.93-303.1)
275 82 (64.9-99.1) 272 (261.2-282.8) 123 (101.1-144.9) | 335 (323.5-346.) 248 (218.3-277.7) | 438 (425.1-450.9)

Male 15-19 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
20-24 1 (0.1-1.9) 0 (0-0) 0 (0-0) 1(0.7-1.2) 0 (0-0) 1 (0.8-1.2)
25-29 1 (0.1-1.9) 2 (1.6-24) 1 (0.0-1.9) 2 (1.6-2.4) 3 (1.347) 2 (1.6-2.4)
30-34 5(2.6-74) 5(42-5.7) 4(1.8-6.2) 4 (3.4-4.6) 9 (5.7-12.3) 8 (7.2-8.8)
35-39 11 (7.1-14.9) 17 (15.5-18.5) 10 (6.2-13.8) 14 (12.8-15.2) 17 (12.0-21.9) 15 (13.8-16.2)
4044 30 (22.5-37.5) 45 (42.3-47.7) 31 (23.1-38.9) 31 (29.0-32.9) 43 (34.4-51.6) 34 (32.1-35.9)
4549 53 (42.0-63.9) 87 (82.9-91.1) 6l (48.8-73.2) 66 (62.9-69.1) 96 (80.7-111.3) 71 (68.0-73.9)
50-54 61 (47.7-74.3) 134 (128.3-139.7) | 93 (76.4-109.6) 107 (102.6—111.4) | 146 (125.3-166.7) 115 (110.8-119.2)
55-59 88 (69.9-106.1) 169 (161.6-176.4) 144 (119.1-168.9) 160 (153.6-166.4) | 165 (140.5-189.4) 181 (174.7-187.3)
60-64 104 (81.4-126.6) 184 (175.5-192.5) 171 (140.9-201.1) 189 (181.1-196.9) | 242 (206.5-277.5) | 228 (219.9-236.1)
65-69 137 (110.6-163.4) | 201 (191.7-210.3) 147 (117.1-176.9) 182 (173.3-190.7) | 273 (231.6-314.4) | 239 (229.5-248.5)
70-74 173 (140.8-205.2) | 268 (255.5-280.4) 173 (141.1-204.9) | 213 (202.9-223.1) | 193 (154.6-231.4) | 218 (208.1-227.9)
275 123 (101.1-144.9) | 255 (244.3-265.7) 193 (164.1-221.9) | 290 (279.0-300.9) | 239 (208.7-269.2) | 364 (352.2-375.8)

rates increased in England from 1996 to 2003 (with an
average annual percentage change of 0.8), followed by
a significant decrease from 2004 to 2013 (with average
annual percentage change of —2.4).%° On the contrary, in
Asian countries, increasing trends in the adjusted incidence
of IHD or MI have been reported over the same time
period.”*** In Korea, using the Korean National Health
Insurance Database, the crude incidence of AMI increased
by 2.1 times from 43.5 cases per 100,000 persons in 1997 to
91.8 cases per 100,000 persons in 2007. Crude and age-
adjusted IR in Korea increased from 1997 to 2002, indicating
a continuous increase after 2002. Age-adjusted IRs of AMI
increased from 60.4 and 40.7 in 1997 to 92.2 and 63.7 in
2007 regarding males and females, respectively.?

Previous studies showed that the trends of age-
standardized IHD mortality declined in high-income wes-
tern regions from 1980 to 2010, but they increased in
South Asia, Central Asia, East Asia, and Eastern Europe.

In addition, the highest age-standardized IHD death rates
were concentrated in a cluster of regions, including North
Africa and Middle East called MENA region.”® Mortality
rate depends on the number of new cases and the survival
among the patients. Therefore, the change in mortality rate
may be caused by 1) a change in the incidence of IHD due
to the changes in known coronary risk factors in the
population or 2) from the change survival rate as a result
of the changes in the disease management and
treatment.””*® GBD study showed that traditional risk
factors play a major role in the regional differences in
IHD mortality rates around the world.?® A recent systema-
tic review reported increased rates in all major risk factors,
including diabetes, hypertension, hyperlipidemia, smok-
ing, obesity, and sedentary lifestyle in the Middle East.
Specifically, significant changes in dietary habits and the
growing epidemic in the use of alternative tobacco pro-
ducts have been further reported.’’ Findings of
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Table 3 Incidence Rate (per 10,000) of Ischemic Heart Disease Based on WHO-MONICA Diagnostic Categories in Isfahan, Iran,
During April 2001-March 2016

Years April 2001-March 2006 April 2006-March 2011 April 2011-March 2016
Sex Age Group, years Rural Urban Rural Urban Rural Urban
IR (95% CI) IR (95% CI) IR (95% CI) IR (95% CI) IR (95% CI) IR (95% CI)
Female 15-19 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
20-24 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
25-29 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
30-34 0 (0-0) 0 (0-0) 1 (0-2.2) 0 (0-0) 0 (0-0) 0 (0-0)
35-39 1 (0-2.3) 2 (1.5-2.6) 3 (0.8-5.3) 1 (0.7-1.4) 3 (0.8-5.3) 2 (1.6-2.5)
4044 4 (1.2-6.9) 6 (5.0-7.1) 3 (0.5-5.6) 5 (4.2-5.9) 8 (4.1-12) 6(5.2-6.9)
45-49 11 (6-16.1) 15 (13.3-16.8) 9 (4.3-13.8) 11 (9.7-12.4) 25 (17.0-33.1) 14 (12.7-15.4)
50-54 14 (7.8-20.3) 31 (28.3-33.8) 24 (15.6-32.5) 27 (24.8-29.3) 40 (29.0-51.1) 33 (30.7-35.4)
55-59 29 (19.0-39.1) 51 (46.9-55.2) 31 (20.042.1) 48 (44.4-51.7) 64 (49.2-78.9) 64 (60.1-68)
60-64 38 (25.0-51.1) 68 (62.8-73.3) 64 (46.8-81.3) 73 (67.9-78.2) 90 (69.5-110.6) 97 (91.5-102.6)
65-69 48 (32.4-63.7) 98 (91.0-105.1) 87 (64.2-109.9) 99 (92.2-105.9) 87 (64.9-109.2) 129 (121.4-136.7)
70-74 29 (16.1-42.0) 124 (115.6-132.5) 67 (46.6-87.5) 121 (113.0-129.1) 104 (76.2-131.9) 128 (120.0-136.1)
275 29 (18.8-39.3) 128 (120.6-135.5) 62 (46.5-77.6) 163 (154.9-171.2) 130 (108.4-151.7) 209 (200.0-218.1)
Male 15-19 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
20-24 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
25-29 0 (0-0) 1 (0.7-1.4) 1 (0.1-2.0) 1 (0.8-1.3) 1 (0-2.1) 1 (0.8-1.3)
30-34 1 (0-2.1) 2 (1.6-2.5) 2 (0.5-3.6) 2 (1.6-2.5) 5 (2.6-7.5) 3 (25-3.6)
35-39 4 (1.7-6.4) 8 (7.0-9.1) 6 (3.1-9.0) 6 (5.3-6.8) 10 (6.2-13.9) 6 (5.3-6.8)
4044 13 (8.1-18.0) 22 (20.2-23.9) 16 (10.4-21.7) 15 (13.7-16.4) 19 (13.3-24.8) 16 (14.7-17.4)
4549 21 (14.1-28.0) 42 (39.2-44.9) 31 (22.3-39.8) 33 (30.8-35.3) 53 (41.7-64.4) 38 (35.9-40.2)
50-54 27 (18.2-35.9) 71 (66.9-75.2) 63 (49.3-76.8) 54 (50.9-57.2) 84 (68.3-99.8) 63 (60.0-66.1)
55-59 29 (18.6-39.5) 94 (88.5-99.6) 76 (57.9-94.2) 84 (79.4-88.7) 92 (73.7-110.4) 101 (96.3-105.8)
60-64 40 (26.0-54.1) 100 (93.8-106.3) 105 (81.4-128.7) 103 (97.2-108.9) 143 (115.6-170.5) 128 (121.9-134.2)
65-69 54 (37.4-70.7) 108 (101.2-114.9) 92 (68.3-115.8) 99 (92.6-105.5) 164 (131.8-196.3) 133 (125.9-140.2)
70-74 62 (42.7-81.4) 143 (133.9-152.2) 95 (71.3-118.8) 112 (104.7-119.4) 120 (89.6—150.5) 120 (112.6-127.5)
275 38 (25.8-50.3) 135 (127.2-142.9) 111 (89.0-133.1) 162 (153.8-170.3) 121 (99.4-142.7) 196 (187.3-204.8)

a longitudinal study showed that the prevalence of meta-
bolic syndrome, as a cluster of interconnected risk factors
and a major determinant of IHD incidence,’® had
a significant increasing trend in the Iranian middle-aged
population from 2001 to 2013.%' Therefore, the increasing
trend in THD incidence rate in our study in Iran may have
also been affected by such conditions.

Moreover, our findings showed that the IRs of IHD
based on CD-ICD-10 were higher than the data obtained
according to WHO-MONICA criteria identifying IHD
patients. Because the WHO-MONICA criteria are fairly
quantitative and complicated, it is not surprising that only
some of the cases diagnosed by clinicians as IHD qualify
it."? In the current study, according to the different reference
populations, the adjusted IRs (per 10,000) of IHD based on
CD-ICD-10 method varied from 27 to 37 and 39 to 51 in
April 2001-March 2002 and April 2015-March 2016,

respectively. According to the Iranian MI Registry in
2012, the crude and age-standardized IR of MI based on
ICD-10 were 64.9 and 73.3 per 100,000, respectively, in the
whole country, significantly ranging from 24.5 to 152.5 per
100,000 across the 31 provinces.** In 2001, a large ongoing
prospective cohort named the Isfahan Cohort Study (ICS)
was initiated for the healthy population without CVDs at
baseline; from 2001 to 2011, the age adjusted IRs of ACS
including fatal and nonfatal MI, sudden cardiac death, and
unstable angina events were reported to be 1168 and 887 per
100,000 person-years for men and women, respectively.>
Although a significant increasing long-term temporal
trend was detected in the crude and age-, sex-, and place-
of-residence-adjusted IR of IHD based on all reference
populations and diagnostic methods, the trend of incidence
rate showed fluctuation. According to Figures 1 and 2,
after an initial reduction from 2006 to 2010, crude and
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Figure | Crude and adjusted incidence rate (per 10,000) of ischemic heart disease based on CD-ICD-10 in Isfahan, Iran, during April 2001-March 2016.

adjusted IRs increased between 2010 and 2016. In this
regard, similar results were observed in previous studies.
Among hospitalized stroke patients in Isfahan from 2000
to 2014, the age-standardized incidence of stroke signifi-
cantly raised by 6.65% per year, from 2009 to 2014.° The
changes in IR may be caused by the changes in known
coronary risk factors in the population.?’*® The MONICA
results based on 38 populations from 21 countries (three in
Asia, three in Australasia, two in North America, and
others in Europe) suggested the need to consider a time
lag between risk factor changes occurring in the popula-
tion and their effect on disease incidence.>* Therefore, the
decline in IR could be related to many reasons, including
improved knowledge of the population and healthier life-
style, at least in part, by preventive care programs and
interventional projects. In Isfahan, a community interven-
tion trial, namely IHHP, was launched in 1999-2000 and
implemented from 2001 to 2007. IHHP was a 6-year,
action-oriented, comprehensive integrated community-
based program for the prevention and control of CVDs
via reducing its risk factors and improving relevant healthy

behaviors. It targeted the whole population and high risk
groups living in two intervention cities of Isfahan and
Najaf Abad. It included a large number of interventions
for increasing awareness among the adults, health profes-
sionals, cardiac patients, children, and adolescents of the

risk factors.!!-35:3¢

importance of controlling CVD
Previous studies showed that implementing educational,
environmental, and legislation strategies in the IHHP
could improve lifestyle behaviors, physical and metabolic
risk factors, and survival among patients.''*%*7 Based on
evidence, sustainability of interventional programs need to
examine two or more years after implementation.*®
Previous studies showed that many IHHP interventions
were sustainable and integrated in health system and the
society after the completion of this program in 2007;''-°
however, after 2010, the impact of IHHP interventions
seems to have been diluted. Based on a review study, it
is difficult to generalize about the long-term impact of
implementation efforts and the extent to which interven-

tional programs and practices are sustained.*®
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Figure 2 Crude and adjusted incidence rate (per 10,000) of ischemic heart disease based on WHO-MONICA in Isfahan, Iran, during April 2001-March 2016.

Strengths and Limitations

The first strength of this study is its long-term follow-up
that can be conducive to determining the trends of inci-
dence rate over time. The second is the registry of IHD in
all private, governmental, social security insurance, uni-
versity-affiliated, and military hospitals in Isfahan city.
The third strength is that we applied two diagnosis
approaches and multiple reference populations which
helped identify heterogeneity and variability. And, finally,
a comprehensive statistical method was used.

One of the limitations is the non-generalizability to all
hospitalized patients with IHD because we did not have
access to patients who were managed at home, died
before reaching the hospital, or failed to receive medical
care due to their lack of access to information or eco-
nomic reasons. The number of patients who were not
included in the study might be small as most IHD events,
particularly acute IHD, are considered as emergency in

the healthcare system in Iran and all hospitals must admit
such patients irrespective of their insurance status. In
addition, patients with stable angina were not included
in the study and, obviously, these results cannot be gen-
eralized to all patients with IHD. Moreover, although the
current study tried to cover all hospitals, the samples
were limited to a central area of Iran. Since the incidence
rates are dependent on the prevalence of the risk factors,
it is necessary to examine the temporal trend in adjusted
incidence rate in other cities of Iran. The present analysis
does not include trend of mortality rates, environmental,
or other risk factor information that is often measured in
a clinical setting. In addition, due to the lack of reference
standards for reporting and possible challenges in the
quality of data in primary care, data quality measurement
in hospital records was limited. These limitations should
be taken into account when interpreting the results of the
study.

submit your manuscript

854

Dove

Clinical Epidemiology 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Nouri et al

Table 4 Annual Percent Change in the Incidence of Ischemic Heart Disease in Isfahan, Iran, During April 2001-March 2016

CD-ICD-10 Method WHO-MONICA Method

Annual Percent Change p-value | Relative Risk Annual Percent Change p-value | Relative Risk

(% per Year) (95% CI) (95% CI) (% per Year) (95% CI) (95% CI)
Model | 1.42(0.16-2.68) 0.027 1.01(1.002—-1.03) 1.93(0.59-3.26) 0.005 1.02(1.01-1.033)
Model 2 2.42(0.89-3.95) 0.002 1.02(1.01-1.04) 3.36(1.96-4.76) <0.001 1.03(1.02-1.05)
Model 3 2.38(0.90-3.86) 0.002 1.02(1.01-1.04) 3.24(1.93-4.56) <0.001 1.03(1.02-1.05)
Model 4 1.84(0-3.77) 0.063 1.02(1.0-1.04) 2.52(1.19-3.84) <0.001 1.03(1.01-1.04)
Model 5 1.87(0.59-3.17) 0.004 1.02(1.01-1.03) 2.51(1.26-3.77) <0.001 1.03(1.01-1.04)
Model 6 1.43(0.23-2.63) 0.019 1.01(1.002—-1.03) 1.93(0.59-3.26) 0.005 1.02(1.01-1.03)

Notes: Bootstrap Robust Zero-Truncated Negative Binomial Regression models were used with year as an independent variable and crude incidence rate as a dependent
variable in Model |. Age-, sex-, and place-of-residence-adjusted incidence rate (Iran population on census 2006 as a reference population) as a dependent variable in Model 2.
Age-, sex-, and place-of-residence-adjusted incidence rate (Iran population on census 2011 as a reference population) as a dependent variable in Model 3. Age-, sex-, and
place-of-residence-adjusted incidence rate (Isfahan province population on census 2006 as a reference population) as a dependent variable in Model 4. Age-, sex-, and place-
of-residence-adjusted incidence rate (Isfahan province population on census 2011 as a reference population) as a dependent variable in Model 5. Age-, sex-, and place-of-
residence-adjusted incidence rate (Isfahan district population during 2001-2016 as a reference population) as a dependent variable in Model 6. The regression coefficient of

year multiplied by 100 gives the average annual change of incidence as a percentage.

Conclusions

We reported increasing long-term trends in age-, sex-, and
place-of-residence-adjusted IR of IHD in Isfahan, Iran.
A cross-sectional decline was observed over the time peri-
ods after the implementation of the interventional program;
however, it is still necessary to reinforce the implementation
of community-based interventions regarding disease preven-
tion and healthy lifestyle promotion. In addition, it is impor-
tant to implement effective surveillance programs and better
monitor the trends over time in regard to the incidence and
prevalence of IHD and its risk factors.
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